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Abstract
This report details the entire design process involved
in the development of the Tamkaa charcoal kiln. The
kiln is a designed solution to the unsustainable and
unhealthy charcoal making practices currently being
used in Tanzania. The report describes the research
and ideation done before the trip, observations and
findings made on the trip, as well as the concept
development, prototyping and testing that leads to
the final design. The result is a low-smoke charcoal
kiln developed for entrepreneurial use for the Maasai
women of Longido community in Tanzania.
Fig 1: Traditional three stone kiln burning firewood
outside the TEMBO guesthouse
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Fig 2: Livestock being sold at the Maasai Market
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Introduction
Design has the ability to solve complex issues which can help improve the lives of people all over the world. For the Maasai
of Longido, Tanzania, a tumultuous political and cultural history combined with climate change, have aﬀected their
access to some important resources. For my fourth year project, I am working with the Sprott School of Business and
Project Tembo to tackle one of these issues through social design.

Project Partners

TANDEM
Tandem
TANDEM—Tanzania, Design, and
Empathy—is the social design team
of Carleton School of Industrial
Design, Class of 2019. Our goal is to
explore and develop design solutions
in collaboration with the Maasai
people of Longido, Tanzania. These
designs are intended to improve the
quality of life of the Maasai people,
who live with limited resources.
After our preliminary research, the
following four problem areas were
identified: water, agriculture and
food, waste and sanitation, and
education and play.

From Buckets to Rainbarrels

Project Tembo

From Buckets to Rain Barrels is a
Carleton University program dedicated
to addressing development concerns
in Longido, Tanzania. The project
initiated with developing solutions
for the chronic water shortage in
Tanzania, however it has now grown
to developing concepts of all types for
Longido village and the Maasai Tribes.
Projects are a collaborative eﬀort
between the Sprott School of Business,
the School of Industrial Design, the
Faculty of Engineering and Design,
and the Department of Sciences at
Carleton University.

TEMBO is a Canadian charitable
organization, whose vision is to provide
equal opportunities for the Girls and
Women in Northern Tanzania. Started
in 1998 by founders Jo Marchant and
Marian Roks, the team of volunteers
provide education, micro-business
opportunities, and outreach support
to improve the quality of life for
the female community in Northern
Tanzania. Our team, TANDEM, is
working with TEMBO to develop
concepts that will support the TEMBO
mission and will be staying with
TEMBO during our Tanzania Trip.

Virginia Taylor
Virginia Taylor is knowledgeable on the Maasai people in Longido, and our contact within Project TEMBO. She was the
former director of the Sprott School of Business at Carleton University before deciding to move to Tanzania to work for
TEMBO as their treasurer. She has been involved with TEMBO for 11 years, and the TANDEM team will be meeting with her
during our trip to Tanzania where we will be doing on the ground research.

(Left) Fig 4: Tandem Logo
(Middle) Fig 5: From Buckets to Rainbarrels Logo
Fig 3: Celebrating our design charrette with Maasai
community members and Virginia at TEMBO
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(Right) Fig 6: Project Tembo Logo
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Project Overview
How can we create a more sustainable, affordable
and healthier charcoal making process for the Maasai
communities of Tanzania?

Problem Opportunity

Target Users

The Maasai currently have no sustainable form of energy,
relying on biomass for 90% of their energy needs.
Firewood collection is time-consuming and the indoor
use of firewood for cooking leads to indoor air pollution
and respiratory illnesses. Additionally, the Maasai own
herds of livestock which produce large amounts of waste,
often left unmanaged in the environment. The littering of
manure promotes the spread of dangerous diseases and
is hazardous to public health. Repurposing this waste
has the potential to not only clean the environment,
but to also improve population health, provide valuable
resources and become a source of income. This project
aims to tackle the issues of energy and waste by using
carbonization to convert animal manure into charcoal.
The process redirects animal waste away from the
environment and converts it into a source of sustainable
energy and income for the Maasai community.

Maasai women in communities are the main target users
for this project. The charcoal kiln provides the opportunity
for Maasai women to start their own micro-businesses,
sell charcoal in the Maasai market and earn additional
income for their families. The biochar produced and sold
would reduce the need for rural Maasai to burn biomass,
saving women time and energy searching for firewood.
The kiln is also a cleaner and faster method of making
charcoal which produces less smoke, making it healthier
and more eﬃcient than traditional charcoal making
methods . Furthermore, the use of animal manure reduces
the amount of biowaste in the environment, providing a
healthier living space for the Maasai community.

The original project direction was to repurpose human
waste, but after consulting our main contact in
Tanzania, Virginia Taylor of Project Tembo, it was found
that there are strong cultural barriers preventing the
Maasai from handling human waste. In order to make
the project more culturally acceptable for the Maasai
community, the project has shifted from using human
waste to using cow manure. The Maasai are comfortable
in handling manure as it is one of the main building
materials used for their bomas. Additionally, due to
their pastoralist cow-herding lifestyle, cow feces is an
abundant and easily accessible resource. By shifting the
burn feed from human biowaste to manure, the project
becomes more culturally acceptable for the Maasai,
while still providing the benefits of clean energy and
waste management.
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Product System
Existing carbonization equipment is too expensive and
diﬃcult to maintain for the Maasai use context. This
project looks at creating a more aﬀordable, scaleable,
entrepreneurial carbonization system, suitable for the
Maasai community. The system will consist of a burn
kiln for the treatment and carbonization of the animal
manure, and an optional frame for ergonomics and easier
handling. The project aims to use local manufacturing
processes and materials to minimize costs and to allow
for easier maintenance and repair. The kiln is designed for
entrepreneurial use, empowering women in the community
to start their own charcoal businesses This entrepreneurial
approach reduces the financial burden of the kiln as it is
an investment on which they can get financial returns.
Additionally, organizations such as Project Tembo and
SIDO provide loans for micro-businesses which can further
reduce the startup costs.
Fig 7: A Maasai woman cooking with
charcoal on a traditional three stone kiln
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Contextual Research
Maasai Culture
The Maasai people are semi-nomadic agro-pastoralists,
with a population of approximately 150,000 people,
situated on the Tanzania-Kenyan border. Livestock plays
a central role in the Maasai economy, with cattle and
goats being exchanged for goods and services, such as
cell phones, grains, and clothing (Who are the Maasai
Tribes?, n.d.). The Maasai also rely on livestock for their
diet, with meals traditionally consisting of meat, milk and
cattle blood. However recently, the Maasai have started
consuming other foods such as chai, maize, rice, potatoes
and cabbage, which they either grow in small gardens or
they purchase from the local market (Maasai Association,
n.d.). These vegetables and grains are being incorporated
into dishes such as sukuma wiki (simmered greens) and
ugali (porridge) (Taylor, 2018.).
The Maasai live in bomas, huts constructed by the women
in the household, made from tree branches, clay and
cow dung. These bomas house one family each and are
arranged circularly, enclosed by a thorn bush fence to
form a community known as an enkang. Traditionally, the

Maasai would abandon their enkang and create a new
one wherever they migrated, however due to government
land restrictions, they are gradually shifting away from this
nomadic lifestyle (Maasai Association, n.d.). Tin roofs and
other modern materials can be seen in this transformation
towards more permanent settlements.
The Maasai are a patriarchal society, with men making
decisions and speaking on behalf of the women and the
family. The men are in charge of raising the livestock
herds and protecting the community from predators,
whereas the women serve the men and are in charge of
all household duties. They live in polygamous families, with
multiple wives serving one husband (Taylor, 2018.). Along
with strict gender roles, children are also divided into age
sets from birth. These age sets act as part of the Maasai
political structure, with male elders making all decisions
on community matters. Young boys and girls go through
diﬀerent rites of passage as they age, before traditionally
undergoing circumcision and becoming Eunoto (warriors)
and wives respectively (Maasai Association, n.d.).

Fig 9: Maasai Market, selling crafts, food, textiles,
homewares and livestock

Fig 10: Local welders working in Longido

Energy and Technology

economic diversification such as crop based agriculture
(Århem, 1985). Although cattle remains an important
measure of wealth today, the Maasai are increasing
investment in various micro-enterprises, often through
micro- financial programs (e.g. micro-loans), to generate
additional income. This allows some Maasai, especially
women, to provide for their family’s basic needs.

Longido exists oﬀ of the Tanzanian national grid. When
it comes to energy & technology, the community is
very limited. The small amount of technological goods
that people have are small or simple enough that they
can be run oﬀ of or charged by car batteries (phones,
radios, TVs). Beyond individual use, there are solar
arrays installed in several locations in the town that are
generally used by the community rather than individuals.
It should be noted that Longido has two main areas of
settlement: Longido center, and a traditional Maasai
settlement. Between these two areas, there is a sizable
disparity in the energy & technology available. In the
center, there is some solar power and other amenities.
In the traditional Maasai bomas, power is limited to
charcoal, kerosene or wood burning, which are all
unhealthy and unsustainable.

Economic Context
Traditionally, the economic system of the Maasai was
based on cattle. Indeed, livestock was used to trade
other goods such as clothing or beads with others within
and outside the community. However, due to the sociopolitical impact of past British and German colonization
and current globalization, the Maasai are forced to pursue
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Fig 8: Visiting a Maasai Enkang

Manufacturing and Materials
There are currently no set manufacturing facilities in
Longido. The village consists of very few, small retail stores
due to their pastoralist way of life. There are however,
several hardware stores in Arusha, located roughly 80
km away from the village. Facilities found in Arusha
extend to the textile industries, pharmaceutical and
food suppliers, but is also home to heavy manufacturing
namely, Lodhia Group which deals with plastic, metal,
and home construction materials manufacturing and
distribution. Although there are manufacturing facilities
present, standardization and quality are the two major
deficits. Local crafts and industries are prominent in the
village, along with various taylors, motorcycle repair, and
carpenters in Arusha. Another popular service in the village
is welding as there are various materials and supplies that
can be repurposed into useful productions.
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Project Research
Gasification Retort
I was interested in the energy and waste issues concerning the Maasai people, hence I concentrated my research
eﬀorts in those two areas. The main energy and waste problems I found in Longido were:
1. The littering of manure and waste in the environment
2. The long distances traveled and large amounts of time spent collecting firewood and making charcoal
3. The indoor air pollution and respiratory illnesses caused by cooking with wood indoors
4. And the government restrictions that have made wood charcoal production illegal, leading to the illegal
sales and making of charcoal for the black market and inflated prices
Design opportunities that were identified included waste drying and repurposing, waste carbonization, and
alternative forms of charcoal. Building on this, further research was conducted into current charcoal production in
Tanzania, carbonization products, and the benefits of charcoal and biochar.

TLUD Kiln

Interior
Combustion
Chamber

Chimney

Carbonized
Char

Combustion
Zone

Secondary Airflow

Burn Front

Carbonized Char
Burn Front

Burn
Feedstock

Interior
Burn Feed

Primary Air

Burn feedstock

Primary Air

Charcoal Production in Tanzania
Understanding the current charcoal production techniques
in Tanzania can inform the design of any new charcoal
production kilns. The charcoal market in Tanzania is lucrative
but remains largely backstreet. Charcoal production is
a leading cause of deforestation in Tanzania, leading to
the destruction of almost 373,000 hectares of forest per
year (Rowan, 2009). Because of this, the government has
enacted legislation to restrict deforestation for charcoal
production, leading many villagers to taking wood illegally
from conservations of reserves. Charcoal is still being made
and sold in the Maasai markets and throughout rural
Tanzania, however due to its illegal nature, business is highly
secretive and closely guarded (Butz, 2013).
Rural charcoal production in Tanzania relies mostly on
traditional methods such as earth mound kilns or earth pit
kilns. Wood is usually piled onto the ground or into a dug pit,
ignited and then covered with earth (Taylor, 2018). Openings
will be placed in the earth mound to allow combustion air
to enter and for gases to escape. Though these methods
are low-cost and low-tech, the quality of the charcoal
produced is highly inconsistent due to the lack of control in
the charring process (Lohri, Rajabu, Sweeney, & Zurbrügg,
2016). Additionally the process is time-consuming and can
be extremely ineﬃcient: the whole process can take up to
several days depending on the amount being carbonized, in
addition to producing a lot of smoke and particulates which
are hazardous if inhaled. The smoke and particulates are
a result of incomplete combustion which happens due to
ineﬃciencies in the burning.
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Fig 12: Comparison of Gasification Retorts and TLUD Kilns

70%

96.6%
Carbonization Technology

of the charcoal trade Of all rural cooking
in Tanzania is illegal
fuel used in Tanzania
is wood or charcoal

1 out of 3
Maasai suﬀer from
respiratory illnesses
due to inhaling smoke

300+ Hectares
of deforestation
annually for charcoal
production, equal to
the area of two New
York Cities

Carbonization is the process by which material is
converted into char. Carbonization happens when
material is burned in a low oxygen environment, where
solid residues with increasing carbon content are formed
from organic material (Marsh & Rodriguez-Reinso, 2006).
The carbonization process continues in kilns unless air
intake is cut oﬀ, stopping the carbonization process. If
the carbonization process is not stopped, the charcoal
produced will be burned oﬀ, producing smoke and ash.
Gasification retorts and Top-Lit Up-Draft (TLUD) kilns
are the most popular forms of small-scale carbonization.
Gasification retorts use a two-chamber system that
generates heat through the ignition of materials in
the outer layer. This heat is transferred through to the
inner layer to gasify the feedstock inside and turn it into
charcoal. Though the gasification retort is eﬃcient and
cleaner burning then the TLUD kiln, it requires additional
materials to burn in the outer layer to kickstart the
carbonization process and it also requires more materials
and labour to build due to its two-layer design (Anderson,
Frogner, & Taylor, 2013).

The TLUD kiln on the other hand uses a single layer which
houses all of the feedstock. The feedstock is lit from above
and there is a top “crown” portion where combustion
happens. The TLUD kiln is easier to manufacture and more
aﬀordable than the gasification retort. It also requires less
maintenance and can be easily monitored and operated.
When functioning properly, there should be little to no
smoke produced, however the TLUD does release small
amounts of methane, carbon dioxide and hydrocarbons
during burning (Lohri, Rajabu, Sweeney, & Zurbrügg, 2016).
These gases can be burned oﬀ using an afterburner,
however that would result in additional materials and cost.
The gases can also be collected, condensed and used as
biogas, however that requires advanced technology that is
not suitable for the Tanzanian environment.
Due to its cheaper price, easier manufacturing and simpler
functioning, the TLUD kiln was determined to be more
appropriate for the Maasai community. It can act as a
stepping stone, introducing the community to modern
carbonization technologies before implementing other,
more technical solutions.

Fig 11: Charcoal statistics from BBC and Mongabay News
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Benefits of Biochar and Charcoal
In comparison to firewood, charcoal has several key
benefits. First of all, it has a higher calorific value per unit
weight than firewood, allowing it to produce more heat
for longer periods of time. It is also easier to transport and
store as it is relatively lightweight and occupies less space
than traditional firewood. Additionally, it is not liable to
deterioration by rain, moisture, insects or fungi, all of which
aﬀect firewood. Charcoal also burns cleaner, producing
less smoke (Faculty of Forestry and Nature Conservation,
Sokoine University of Agriculture, R.E., & E., n.d.).
In terms of production, charcoal production does not
require a formal education or large capital investment.
Though traditional methods can be time consuming and
labour intensive, it can be done by a single person. The
income from the sale of charcoal was also found to be
above the minimum wage of some government employees,
making it an attractive opportunity for rural Tanzanians
who may not have had a formal education and need
an additional source of income (Faculty of Forestry and
Nature Conservation, Sokoine University of Agriculture,
R.E., & E., n.d.).
Furthermore, the char produced from carbonization can
be used not just to create charcoal, but also as fertilizer for

agriculture and gardening. Biochar has been found to help
increase crop yields by providing nutrients such as nitrogen
and potassium (International Biochar Initiative, 2018).
Additionally, the porosity of the biochar aids the soil in
retaining moisture, which is beneficial in a water-deprived
area such as Longido.
There have also been experiments in using char for water
filtration since the porosity of biochar allows it to trap
contaminants, dissolved organic material and other
particulates (International Biochar Initiative, 2018).
However, there is still much research to be done in this
area before this is put into practice.
Biochar also reduces deforestation by providing an
alternative to wood charcoal. Dried solid natural waste
such as manure, maize cobs, and coconut shells can all be
carbonized and repurposed into charcoal. These natural
wastes can be easily found in Sub-Saharan Africa. By using
alternative materials that would have been thrown out or
littered, the waste can be repurposed and turned into a
useful resource.
The charcoal produced can be used for household use or
for selling, providing additional income for families.

Raw Char
can be used to filter water

Charcoal
can be compacted into briquettes
for cooking

Dried Maize

Carbonization Kiln
Dried Manure

Fig 13: Diagram of the inputs and outputs of carbonization
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Fertilizer
can be mixed into soil to add nutrients
and improve water retention

Fig 14: Agricultural waste
briquettes being used for cooking
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Design Development
When ideating, I identified four major areas that need to be addressed in the design of the manure carbonization
system. These are the areas that I focused on during my design development:

Size and Yield

Airflow Control

Unloading and Handling

Safety and Heat

Metal five gallon drums are more diﬃcult to acquire than
one gallon or standard fifty-five gallon drums since they
are not used as often. One alternative option is to use
thirty gallon drums as they are a standard size, making
them easier to find. They are also smaller than fifty-five
gallon drums, making them lighter and easier to handle.
When talking to Virginia, she confirmed that the local
metalworkers in Longido have the ability to easily make
a drum of any size (Taylor, 2018) so a custom-sized drum
is possible, opening the opportunity to changing the
proportions and size of the kiln.
Ultimately, the size of the kiln will depend on the use
context of the carbonization system. If it is for household
use, a smaller volume would be more appropriate to make
handling easier and to allow for a quicker turnaround for
daily use. However if it will be used for business, then the
volume will have to increase to account for a greater yield
per burn cycle for selling.

Prototyping
In my prototyping, I created a small one gallon
functional kiln out of paint cans and soup cans to test
the carbonization process and yield. The prototype is
composed of three parts: the pyrolysis chamber, the
crown, and the chimney. This prototype can be used for
small scale burn tests to prove my concept and to run burn
tests using manure and dried maize. To have a better idea
of scale and ergonomics, I created a full-scale using a 12”
diameter concrete form tube and five gallon bucket lids. To
test the height appropriate height for my design, I created
a wooden frame that used holes and pegs to allow me to
adjust the height of my kiln barrel. I wanted the design
to be at a height where loading and unloading were easy
and the user did not have to bend down to access the any
features. I ideated diﬀerent frames for the kiln considering
stability, height, and ease of use. I also considered whether
features such as unloading or airflow control could be
incorporated into the frame rather than the kiln itself.

Size and Yield

6 COWS

The size of the kiln will impact the handling, ease
of loading and unloading, as well as the cost and
manufacturability of the kiln. It must also provide an
appropriate amount of charcoal for the user so that they
have enough to use without having to operate the system
every single day, as this would be time-consuming and
labour intensive. I was not able to find any information on
the amount of charcoal used by an average Maasai family,
however I was able to find that rural African families
require about five to seven GJ of useful energy annually for
cooking, which can be satisfied by approximately six cows
if manure briquettes were used and assuming that only
40% of the manure produced can be collected and used
(Tucho & Nonhebel, n.d.).
After reevaluation, my initial plan of using standard
fifty-five gallon oil drums would be too big of a scale.
Additionally, a drum that big would produce a lot of heat
and make handling diﬃcult. Hence I decided to downsize
my design to around five gallons. TLUD kilns can have
yields ranging from 25-40%, so a five gallon kiln should
be able to produce approximately a gallon and a half of
char (Lohri, Rajabu, Sweeney, & Zurbrügg, 2016). I had
to discuss with the Maasai women and with Virginia to
further evaluate whether this was an appropriate amount
for weekly use. At the moment, I worked with this scale for
full-scale prototypes and made adjustments if necessary.
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Fig 16: Small-scale functional prototype

Fig 17: Full Scale 5-gallon prototype on an adjustable frame

provide enough manure
to make charcoal to
satisfy the energy needs
of a rural African family

25 - 40%
yield from TLUD kilns

55 Gallons

5 Gallons
1 Gallon

Fig 15: Size and yield infographic
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Airflow Control
For airflow control, traditional TLUD kilns are propped
up on bricks and have holes on the bottom for primary
airflow, as well as holes on the top crown portion for
secondary air. In order to manage airflow, the kiln is
removed from the bricks and placed on the ground
to close oﬀ the bottom holes. The top crown is then
removed and the kiln is capped with a separate
cap. This can be diﬃcult to manage for one person,
especially if the kiln is full and hot from burning. It also
requires the kiln to be moved a lot simply to close oﬀ
the airflow. Instead of having to move the entire kiln,
I ideated ways to close oﬀ the airflow without having

to move the kiln. These included caps for the holed
areas and the chimney, sliding or rotating doors, and
removable covers.

Prototyping
I prototyped a rotating cover for the primary airflow
holes resembling the rotating lids of toothpick covers.
Though this seems to be easy to handle, further
prototyping and testing will be needed to see if it
provides a close enough seal in order to prevent further
burning. Prototyping of other covers and airflow control
solutions will also be done to compare which design
works best.

chimney

secondary
airflow

primary airflow
(Top) Fig 19: Low-fidelity paper mockup of airflow mechanism
(Left) Fig 18: Diagram showing airflow entries on the kiln
that need to be closed oﬀ
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(Bottom) Fig 20: Full scale prototype of rotating airflow
control mechanism

(Top) Fig 21: Sketches and notes of airflow control
mechanism ideas

(Bottom) Fig 22: Ideation sketches of possible airflow
mechanisms
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Unloading and Handling

Safety and Heat

Currently, TLUD kiln loading and unloading is diﬃcult as it
requires the user to dump the feedstock in from above and
unload either by laying the kiln onto its side or by reaching
down manually into the kiln. This is labour intensive
because it requires a lot of heavy-lifting.

One of my main concerns with this project is safety
and heat. Because there is combustion happening
in the kiln, there is a lot of heat released and
transferred through the walls of the kiln. This could
potentially lead to burns and other injuries to the
user. When discussing the issue of safety and heat
with Virginia, she mentioned that the women and
children in Longido are familiar with charcoal making
practices and with fire, so they should be aware of
any precautions to take and how to handle the kiln
safely (Taylor, 2018).

Additionally, I learned from Virginia that the Maasai do not
kneel or squat, but instead bend from the waist (Taylor,
2018). This aﬀects the ergonomics of my design because
any features that are placed below waist level would
require users to bend over.
In order to facilitate loading and unloading, I ideated
diﬀerent possible solutions, including sliding and hinged
doors, removable sections and side doors. I prototyped a
hinged door that opened from the bottom with the airflow
attached. I also plan to prototype other loading and
unloading solutions and to test how they are compatible
with diﬀerent frame designs and airflow control solutions.

(Bottom) Fig 23: Ideation sketches of unloading mechanisms
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However, in order to make the kiln more user-friendly
and safe, I still want to consider how I can make the
kiln safer. I ideated ways to shield the walls of the kiln
from contact, as well as looking at ways to insulate
the handles and diﬀerent materials which could be
used. These designs will need to be discussed with
the Maasai in order to determine whether they are
necessary and worth investing in.

(Top) Fig 24: Prototype of hinged door unloading design

(Bottom) Fig 25: Ideation sketches of safety features

(Top) Fig 26: Kiln with layered cement walls in Bangladesh

21

Preliminary Testing
Proof of Concept Testing
My first testing was on the small-scale TLUD kiln using
dried portions of corn cobs. This test was to see if I would
be able to recreate the carbonization process I had seen
in my research. I used corn cobs as they are non-toxic
and easily acquired. Before testing with the corn, I did a
preliminary burn to remove the inner protective coating
on the cans. In order to dry the cobs quickly, I microwaved
them in short time intervals (starting at five minutes and
gradually getting less), turning them regularly to ensure
that they were drying evenly. When they were dried, I filled
them into the paint can and added a layer of cardboard
and newspaper to the top. The top layer acts as kindling
to start the burning and begin the pyrolysis of the dried
cobs underneath. I setup my test outside with cardboard
walls blocking some of the wind. To begin the test, I lit the
newspaper layer and quickly attached the crown right
after. The burning carried on for around twenty minutes,
slowly moving down the pyrolysis chamber. Once the
carbonization was nearing its end, I moved the kiln oﬀ of
the bricks to cap oﬀ the primary airflow. I also removed the
crown and chimney, replacing them with the lid to prevent
any oxygen from entering the chamber. After letting the
kiln cool for ten minutes, I unloaded the char inside.
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integrity issues. The colour change seems to be a cosmetic
factor and does not aﬀect the burn capability of the kiln.
During the middle of the burn, the flames started rising
outside of the chimney, however the fire was contained
within the kiln. There was little to no smoke released,
with the kiln burning rather cleanly throughout the entire
carbonization process. The heat generated from the kiln
was enough to melt the surrounding snow but was not as
hot as I had imagined it would be. I will need to conduct
further testing with thermometers to determine what
the actual temperature of the outside of the kiln is, and
whether it can be a safety hazard.
The carbonization process moved pretty quickly, with the
entire burn lasting a total of around twenty minutes. By
the end, the flame, which was orange-yellow the whole
time, began to die, indicating that the carbonization was
complete. The kiln was hot from burning so I had to use
oven mitts to handle the crown and the lid.

During the first burn of my small-scale prototype, I
noticed that the metal paint can was changing colour
from the heat of the burning. However, the kiln was able
to withstand the burning without having any structural

The char that was produced was lightweight and had no
smell. The corn cobs had also shrunk to at least half their
original size. When I tried igniting a piece, it took a while
for the flame to catch but it was able to burn. More testing
will be needed to see how to improve the ignitability of the
char and whether it is better to use briquetting and other
post-processing techniques to improve the quality and
burn time of the charcoal.

Fig 27: Setup of testing with dried cobs and newspaper

Fig 28: Corn charcoal produced from burn test

Fig 29: Corn charcoal burn test
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Ergonomics Testing
My second test involved my full-scale prototype. For my
testing, I wanted a wide range of user heights and body
sizes so that I could compare how the handling may diﬀer
between people of diﬀerent proportions. My shortest user
tester was 5’1”, whereas my tallest tester was 6”1”.
To begin the test, I walked the participants through the
general use cycle of the kiln, then had them test diﬀerent
tasks starting at the lowest kiln height and gradually
working their way to the highest. The tasks I had them
complete were removing and attaching the crown and
chimney, loading and unloading the waste, and adjusting
the airflow. For loading the waste, I had users test loading
with a shovel and loading with a bucket.
There were several key observations from my testing
concerning the handling and height of the kiln. Some
participants noted that it would be nice for the crown to
interface better with the pyrolysis chamber, whether there
is a lip or some sort of mechanism to hold it in place.
For unloading, all users had trouble operating the door.
Some users simply opened the door and let everything
inside drop into the bucket, whereas others tried to open
the door slowly in order to guide the feed into the bucket.
In all cases though, users made a mess and were not
able to collect the waste from the kiln easily. Additionally,
testers noted that the airflow control handle was in the
way of the door opening, and it put users’ hands right

“

tallest
in the path of the char coming out of the kiln. Testers
preferred having the kiln at higher heights for unloading
as it allowed them to fully open the door without hitting
the collection bucket. Additionally, some users noted that
lower kiln heights required them to bend down or crouch in
order to unload the kiln, causing them to be closer to the
waste, which is undesirable.
In terms of airflow control, users found the mechanism
to be easy to use. The handling depended on the height,
with higher heights being easier as users did not have to
bend down. One user was observed trying to use their knee
to try and adjust the airflow when the kiln was at lower
heights. Testers did mention that it would be beneficial
to have markers or stoppers to help control how much to
adjust the airflow.
For the height, users had the choice of four heights
separated ranging from 22 to 40 inches. Almost
unanimously, all testers preferred the third height setting
of 34 inches. They noted that it allowed them to have a
good view while loading, without requiring them to lift too
high. It also provided enough clearance at the bottom to
unload without the waste having to drop from too high of
a height. Furthermore, the airflow handle was at a level
that was easy to adjust without most participants having
to bend down.

6ft 1

I’m scared to open the
door because I know all
of the charcoal is going
to come out all at once.

5ft 1
shortest

Participants’
height range

Unloading
mechanism
needs more
control
Participants
prefer the
chimney to be
at a height that
clears their head

Findings

40”
28”
22”

34”

Kiln heights for testing, measured from base
of the barrel; users preferred 34” the most
Fig 30: Participant has to bend in order to handle the kiln
at lower heights
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Fig 31: Tester struggling to unload the kiln because the kiln is
too low and the door is colliding with the collection bucket

Higher
heights make
unloading
easier

Need a way
to show how
much to
adjust airflow

Fig 32: Infographic of Ergonomics Testing
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Tanzania Trip
Ethnographic Research
In December, I and the rest of the Tandem team had the opportunity to travel to Tanzania with the Sprott School of
Business to conduct ethnographic research, user testing and cultural observation which would help inform and shape our
projects. The trip was extremely valuable was it allowed us to check and verify the research we did, as well as experience
life with the Maasai in Tanzania first hand. We were staying with Project Tembo in their guest house and were able to
discuss our projects with the Project Tembo staﬀ, as well as with Virginia to gain further insights on the appropriateness
of our designs.

Fig 34: Photo of the participants in the waste
management panel discussion

Waste Management Panel
Upon arriving in Tanzania, it was obvious that waste
management is a critical issue. When we were walking
throughout Longido and Arusha, we could see trash
littering the sides of the streets. Plastic bottles, dried maize
cobs, and other garbage were left out in the community.
When we went to Kimoukowa, we also observed large
amounts of manure from the livestock herds littered
throughout the environment.

Fig 33: Mount Longido and the new TEMBO student
guesthouse under construction
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In order to get local perspectives on the issue of waste
management, we held a panel discussion with Longido and
Maasai community leaders. In this panel discussion, we
talked about their concerns over plastic waste, any cultural

barriers associated with human and animal waste, as well
as discussed our projects.
What I discovered was that there was a distinct diﬀerence
in the way the community perceived animal manure and
human waste. The community had no issues with handling
or cooking with animal manure as they were already
using animal manure for the construction of their bomas.
However there was a strong cultural barrier towards any
project dealing with human waste. Because my project
had been shifted to use animal manure, the community
was extremely receptive and open to the idea of an animal
manure charcoal kiln.
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Charcoal Making and Selling
During our trip I was able to talk to diﬀerent community
members about the making and use of charcoal. This
confirmed some of my previous research, which was that
women were the main makers of charcoal and the ones
responsible for firewood collection. One of the women
I talked with also confirmed the use of earth pits and
mud kilns to create charcoal out of wood. She described
the process as being time-consuming and arduous as it
can take up to two weeks to create one batch of wood
charcoal. She mentioned that the charcoal produced
was inconsistent because there was little control over
the making process and that there can be dirt or other
contaminants mixed in with the charcoal.
Another man I talked confirmed that there were political
and environmental factors at play regarding the making
and use of charcoal. He said that in an eﬀort to reduce the
environmental impact of deforestation caused by charcoal
making, the government has passed regulations making
wood charcoal making illegal, except for in rare cases. He
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Fig 35: A charcoal vendor on the side of the road in Arusha

Cooking and Firewood
described how this has caused charcoal prices to spike
and that the government has not provided any aﬀordable
alternatives to using charcoal. Many citizens live oﬀ of
the power grid and solar energy is not aﬀordable. This has
caused many citizens to be desperate in searching for an
alternative energy source.
I noticed that it was hard to find charcoal sellers
throughout Longido and Arusha. During my entire trip, I
only saw two charcoal vendors and they were scattered on
the side of the road, hidden from main traﬃc. They were
selling one gallon of charcoal for 9000 TSH (equivalent
to $5.20 CAD). When I consulted the women in the
community regarding how much charcoal they use, they
reported that an average family of five required two
buckets, or about five gallons each week. This means that
a family would have to spend 40,000 TSH, or just over $23
CAD each week, just on charcoal. For rural families who live
in extreme poverty, this is a huge financial burden.

Though charcoal making is illegal, many people still use
firewood for cooking. Just outside our lodge, the staﬀ were
cooking on traditional three stone stoves using firewood.
However I noticed that there were huge amounts of smoke
released from burning the firewood. When using, charcoal,
there was less smoke, however there are still particulates
released into the air.
Most vendors in the Maasai market and on the sides of the
street cooked with charcoal on open grills or Jikos charcoal
stoves, which do nothing to prevent smoke inhalation.
When talking with locals, they expressed that they
preferred using charcoal over firewood because it does not
blacken their pots. Some people also preferred the taste of
charcoal-cooked food over wood-cooked food.
(Right) Fig 36: A vendor in the Maasai market cooking
meat on an open charcoal grill

Fig 37: A traditional three stone kiln burning firewood
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User Testing

Materials and Manufacturing
While we were in Arusha, we visited SIDO Industrial Estate,
which is a cooperative of diﬀerent local manufacturers.
There, they had machinery and tools for metal work
including drill presses, metal shears, welding, metal rollers,
angle grinders, bandsaws, milling machines, stamping
and more. The facility charges work by the hour and there
is a thirty percent oﬀ discount available for Arusha locals.
According to Virginia Taylor, there are also micro loans of
600,000 TSH (approximately $350 CAD) which can be
used to support manufactured projects (Taylor, 2018).
In Longido, there are also local welders and hardware
stores. Metal tubing, rebar, nuts and bolts, as well as
sheet metal can all be purchased in either Longido or
Arusha at the hardware stores. Local welders have the
ability to not only weld, but also cut, grind and bend
sheet metal, tubing and rebar. However their safety
protocols are not standard, with local welders using only
sunglasses to protect their eyes while welding.
(Bottom) Fig 38: SIDO manufacturing facilities

Service

Cost (TSH)

Welding

8000 / hour

Rolling

6000 / hour

Shearing

1000 per cut

Labour

4000 / hour

1” round tubing
12,000 TSH

nut & bolt
1,000 TSH

I brought my small scale functional model to Tanzania to
test that my prototype would work in the use environment.
This also allowed me to see if the process was easy for the
local community members to understand. To conduct my
testing, I had the help of a local Maasai woman as well as
my two partners from the Sprott School of Business, Julia
and Kiera. Together we were able to collect dried maize
cobs to conduct a burn test with.
We first did a test with wood but found that the material
was too dense, making it hard to start a hot enough fire
that could carbonize all of the feed all the way through.

However when we tested with the dried maize cobs, we
were able to carbonize all of the feedstock in a time of
approximately 15 minutes. To test the charcoal we made,
we used a charcoal stove and lit 5 pieces of charcoal using
kerosene. We found that after the kerosene burnt oﬀ, the
charcoal burnt for about 20 minutes. We had a pot of
water sitting on top of the charcoal and though it did not
get hot enough to boil, it did increase in temperature. If
the charcoal had been crushed and condensed, it would be
able to burn longer and retain more heat.

rebar
oil drum
1,000 TSH 30,000 TSH

(Top) Fig 39: SIDO and Hardware store prices

(Top) Fig 40: Partially carbonized wood

(Right) Fig 42: Burn test conducted in small-scale prototype

(Bottom) Fig 41: Corn charcoal being used to heat water
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Design Charrette
To get feedback on my project directly from the Maasai,
I conducted a design charrette with Maasai community
members where I was able to present my project idea,
my prototype and the charcoal I made. This was valuable
as it provided me a chance to interact directly with the
end users and ask them specific questions regarding their
thoughts on my project.
I conducted a presentation where I showed a video of my
prototype testing in Canada and presented the charcoal I
made in Tanzania. I also used hand-drawn paper slides to
communicate the key ideas of my product, including the
problem I am tackling, the benefits, and the use cycle.
What I found was that they were extremely receptive
of the idea and they echoed the finding from the waste
panel that handling animal manure was not a problem.
There was a lot of interest in turning the product into

a micro business opportunity, particularly since they
mentioned that there are no charcoal alternatives
currently available since the implementation of the
charcoal ban. Seeing as there is a gap in the market,
they view this product as a possible business opportunity
and solution to their energy needs. They also mentioned
that they were not concerned with the safety of the
product as they have experience working with fire and
charcoal making. Though this was mentioned, I will still be
attempting to make my product as safe as possible given
the project constraints and scope.
Concerns that were brought up were the cost of the
product as well as the weight of the charcoal produced. I
mentioned that the char produced can be ground up and
compressed to make briquettes. As for the cost, I needed
time to research further ways to reduce cost or potential
funding avenues.

Findings and Opportunities
The Tanzania was extremely helpful in further understanding the Maasai culture and lifestyle, the available
resources and manufacturing processes, as well as getting feedback and user testing. The key findings and
opportunities identified were:
•
•
•
•
•
•

The government ban of charcoal, leading to a gap in the market for a charcoal substitute and a
potential business opportunity
No cultural barriers regarding the handling of animal manure or the use of manure for cooking
The manufacturing processes available in Arusha at SIDO and the welders available in Longido
The materials needed to make my project are available in hardware stores in Arusha & Longido
The ability to get funding from SIDO and TEMBO for starting micro businesses
The availability of steel oil drums in Arusha

These findings allowed me to return to Canada with a new direction for my product, changing from household use
to entrepreneurial use. This would allow me to help the Maasai in the Longido community earn additional income
for their families, while also providing an aﬀordable charcoal alternative for the rural Maasai. The users shift from
being the rural Maasai to the Maasai in the community, which allows for micro-business funding from TEMBO.
It also makes introducing the product to market easier as there each community can have one or two groups
sharing a kiln for a charcoal micro-business and splitting the initial startup cost. It also introduces the idea to the
community, allowing for potential growth into the household market if there is market demand.
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Fig 43: Presenting the charcoal I made in my burn test in
Tanzania to the Maasai
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Design Refinement
Design Changes
Increasing the Size
Upon returning from Tanzania, I had to make refinements
to my prototypes in order to match my new project
direction. Due to the shift to an entrepreneurial product,
I had to increase the size of my product from the original
five gallons to thirty gallons. I decided on thirty gallons
because it provides enough charcoal for selling without
being too large to handle. Thirty gallons is also a standard
oil drum size, allowing for the repurposing of oil drums
in order to create the main body, reducing the overall
product cost.

30
Gallons

55
Gallons

5
Gallons
1
Gallon

Fig 44: Diagram showing size of 30 gallon drum
compared to other sizes

Frame and Pull out Floor
Seeing as all the Maasai bend at the waist, I wanted to
include a frame to the product in order to elevate it from
the ground and make handling easier. I prototyped a tripod
design as it provides stability and requires less material
than a standard four leg base. I also chose to angle the
legs so that the weight was distributed evenly and provided
a stable base for the kiln sitting on top.

Fig 47: Airflow control and frame prototypes

I also wanted to develop an easier way for users to unload
the charcoal. I prototyped a pull out floor which allowed
the charcoal to fall into a container waiting below.
Fig 45: Prototype of pull out floor for unloading

Rotating Airflow Control Ring
To make airflow control easier, I wanted to design a
solution that did not require handling large parts of the
kiln while it was burning. I prototyped a design that used
an outer ring with holes which matched drilled holes in the
can body. The rings can be rotated to open or close the
airflow. These were made of rolled pieces of sheet steel. I
used the rings fro both the primary and secondary airflow.
By changing the location of the primary airflow from the
bottom to the sides of the can, it allows the user to see the
progress of the burn and receive visual feedback of when
the burn reaches the bottom.
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Fig 46: Prototype of airflow control rotating ring

Fig 48: Airflow control prototypes
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Testing
To test my refined concepts, I conducted another burn
test using dried maize cobs. The burn proceeded similarly
to the previous tests however what diﬀered was the cool
down period after the burning. After rotating the rings
to close the airflow, I noticed that there were small gaps
between the ring and the main body. This meant that the
airflow holes were not closed completely. Because of the
oxygen leaking in, the carbonization continued, leading to
the charcoal being burned to ash. I found that the pull out
floor also did not provide a good air seal, leading to more
air being let in.
Other issues I noticed included the diﬃculty with moving
the rings and the pull-out floor for unloading during and
after burning. The kiln is hot during burning which means
that the user cannot touch the body during handling. This
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makes it diﬃcult to turn the rings and to move the pull-out
floor. Additionally, the metal I used for the rings and the
floor was 1/32 of an inch, which was on the thinner side.
This caused it to warp due to the heat produced during
burning. I also did not develop a chimney closing method
so I used a metal cover to cap the chimney but it was too
light and was blown oﬀ by the wind.
From my testing, I realized that I needed to find a way
to improve the airflow closing and an alternative way to
unload the charcoal. Additionally, I needed to find a way
to either heat proof areas that required handling or make
handling safer so that users do not burn themselves. I also
needed to find a way to overcome the warping of the sheet
metal during heat.

(Top)Fig 49: Carbonization reaching the bottom of the can

(Top) Fig 51: Charcoal burned to ash due to air leaking in

(Bottom) Fig 50: Gap between the pull-out floor and can

(Bottom) Fig 52: Using a metal dish as a chimney cover

Fig 53: Burn test using refined prototype
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Definitive Design
Product Description
The definitive design is an entrepreneurial thirty gallon charcoal kiln made for Maasai women in Longido village to
use for micro-business use. It is composed of three parts: the frame, the body, and the crown. The frame serves to
elevate kiln to make handling easier and to prevent the women from having to bend to access any of the features.
It also acts as the primary airflow control as the barrel turns on it to open or close the airflow holes on the bottom.
The body is a thirty gallon repurposed oil drum with holes drilled on the bottom for primary airflow. There are
handles that allow the body to be easily rotated to control the airflow, or to be lifted to unload the charcoal inside.
The crown is where the secondary airflow and chimney are found, with an adjustable rotating airflow control ring,
rebar handles, as well as a rotating chimney cover.

Design Details
The frame is a tripod design that provides stability and also
acts as the primary airflow control. The base of the frame
is made from the lid of the oil drum, helping save cost
from having to use new materials. The wall of the frame
has slots in which the rebar handles of the body can sit
and rotate in. These slots show the user how much to turn
the barrel as it locks into place, either open or close, when
hitting the wall.

the crown double as support for the chimney. The chimney
has a rotating cover with a rebar handle. The handle is bent
away and down from the chimney for easy reach, especially
for shorter users. The chimney cover also has a bent lip that
keeps the cover down in order to provide a better air seal.

Chimney
The adjustable airflow cover rotates to open or close
the secondary airflow. It is held together by the hex bolt
handle, which can be rotated to adjust the tightness of
the ring. This allows uses to loosen the ring when turning
the cover, and tighten it to prevent gaps when wanting to
close the airflow. The lid crown has an inner lip that allows
users to easily match the top with the barrel body, as well
as holds the crown in place once placed on top. The hex
bolt handle stretches out from the airflow cover and has a
rebar handle welded on to prevent the user from burning
themselves and to facilitate tightening the hex bolt.
When in Tanzania, I observed that welded rebar handles
were common place and decided to use them for the
handles for my product as it is something the Maasai
are already familiar with. Rebar is more aﬀordable than
metal tubing and its texture provides grip. Additionally, the
rebar handles can be wrapped with fabric to protect the
women’s hands during handling, while also allowing the
women to personalize and identify their kiln. The handles
on the barrel stretch away from the body to prevent the
user from burning themselves, while the rebar handles on
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Rebar
Handles
Inner Lip

Chimney
Cover

Adjustable
Airflow
Control Ring

Barrel Body
Rebar
Handles
Frame Slots

Tripod Legs

Fig 54: Exploded view of the kiln

Airflow Holes
on Base

(Top) Fig. 55: Rotating adjustable airflow control cover
with rebar handle

(Top) Fig. 57: Frame with airflow control holes on the base,
tripod legs and slots for locking the body during rotation

(Bottom) Fig. 56: Crown being lifted by the rebar handles
which support the chimney and can be used to rotate and
lift the crown

(Bottom) Fig. 58: Rotating chimney cover with rebar
handle

39

Use Cycle and Instructions
To use the kiln, start by collecting and drying the material
to be carbonized. Once it is dry, load it into the kiln and
cover with a layer of kindling. This can be dry branches,
grass or other kindling. Once ready, light the kindling
and cover the barrel with the crown. While burning, there
should be no visible smoke produced. The feed has to burn
all the way to the bottom, which should take one and a
half to two hours. Once the fire reaches the bottom, rotate
the barrel to close the primary airflow. Then rotate the
airflow control ring and the chimney cover to close the
secondary airflow. Once all airflow entries are closed, allow
the charcoal to cool for at least five to six hours. If the char
is unloaded early, it could ignite from contact with the air.
Once cooled, the charcoal can be unloaded and used for
cooking or selling.

Final Model
To accompany my product, I made an instructions
booklet which includes a simplified exploded view showing
the three parts of the product, as well as step-by-step
illustrated instructions showing the use cycle of the
product. I used an illustrated style with bright primary
colours to make the instructions more approachable and
to appealing. I tried to show the instructions with human
figures in Maasai clothing in order to make the instructions
more relatable and to explain the actions better.
I chose to use orange and yellow as the main colours of my
instructions and of my branding for the product because
orange represents warmth and generosity, whereas yellow
represents the sun and growth. I felt that these colours
accurately represented the feelings I wanted to portray
with my product.

To make the final model, I used a thirty gallon open top
steel oil drum, sheet metal, metal tubing and rebar. The
entire model was made using equipment available in
the shops, which is similar to what is available at SIDO’s
facilities. I wanted to make the entire prototype using
manufacturing processes and materials available in
Tanzania in order to ensure that my product could be
made there.
To make the frame, I used the drill press and power drill
to create holes in the oil drum lid and welded on the bent
metal tubing legs and rolled sheet steel wall.
To create the body, I used the power drill to drill holes on
the bottom which matched the frame base. I then welded
on the bent rebar handles. I bent all of the rebar by hand
using a vice and long pipe.

To create the crown, I used the shear to create strips of
metal for the rings before using the drill press to create
one inch holes. I rolled them and welded them to the sheet
metal disks which I cut using the shear and jigsaw and
smoothed out using the belt sander.
For the chimney, I used a piece of stove pipe, however
it can also be made by rolling sheet metal. The chimney
cover is made the same way as the metal disks for the
crown, using a jigsaw and shear and sanding oﬀ the edges
to remove metal burs.
To see the technical drawings and the costing for the
product, see Appendix A and B.
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Fig. 59: Use cycle diagram
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Fig. 60: Drilling airflow control holes for the frame base

Fig. 61: Final Full-Scale Model
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Conclusion
Tamkaa is the joining of the two words Tanzania and mkaa,
meaning charcoal in Swahili. It represents an alternative
charcoal making process for the Maasai people of Tanzania
which is more sustainable, healthier and aﬀordable. It shows
how waste can be repurposed into a valuable and useful
resource. It helps reduce smoke pollution during the charcoal
making process and it empowers Maasai women to start
alternative charcoal micro-businesses and provide additional
income for their families. I am glad to have had the chance
to use this project to not only show the culmination of my
design education at Carleton University, but also to create a
practical solution that can hopefully help people in Tanzania.
Though the project is more sustainable than current
charcoal production systems, there is still much progress to
be made. Charcoal emissions are dangerous for users and
have a severe impact on the environment. Tamkaa is just
an intermediate stepping stone towards more sustainable,
aﬀordable and renewable energy sources. With further
innovation, other solutions be developed which can provide
alternative energy sources for not just the Maasai people, but
for people all around the world.
Fig. 62: Rendering of kiln in context
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thank you to the shop technicians Walter Zanetti, Paul
Durocher and Anthony Dewar for helping me figure out

Appendix A: Cost Model
how to make my model and for all of your support in the
shops. I would not have a final model without your help.
Last but not least, I would like to thank my parents for all
of their love and support, whether it was driving me and
model to school, helping me with building my display, or
just being there as an emotional support. This project was
an amazing journey and learning experience and I am
grateful that I had the help of all of these people along
the way. Thank you.

Materials

Fig 63: Group photo of all students in TANDEM and the
From Buckets to Rainbarrels initiative in Tanzania
1” round tubing (54 in)
2,750 TSH

Steel Oil Drum x1
30,000 TSH

Total Material Cost

nut & bolt x2
1,000 TSH x2

rebar (86 in)
440 TSH

=

30,000 + 2,750 + 2,000 + 440 + 15,000

=

50,190 TSH ($28.63 CAD)

Sheet Steel (8.4 sq.ft.)
15,000 TSH

Manufacturing
Cost per Kiln

Cost per Kiln

Service

(Tanzania Shilling)

(Canadian Dollar)

Welding

8000 TSH

$4.66

Rolling

6000 TSH

$3.49

Shearing

5000 TSH

$2.91

Labour

4000 TSH

$2.33

Total Product Cost

Total Manufacturing Cost
=

8,000 + 6,000 + 5,000 + 4,000

=

23,000 TSH ($13.12 CAD)*

* Prices are estimated based on the
assumption that two kilns can be made an
hour and five shearing cuts are needed per kiln.
Project Tembo and SIDO Manufacturing Coop oﬀer micro-loans of 300,000 to 600,000
TSH to help the Maasai with purchasing the
product and starting charcoal businesses.

= 50,190 TSH of Materials + 23,000 TSH of Manufacturing
=

73,190 TSH ($42.62 CAD)**

** Prices are estimated based on the information available and exchange
rates at the time. Price may vary depending on region and manfuacturer.
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Appendix B: General Arrangement
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1

Chimney Pivot
Screw

5/16 - 18, 1 inch hex bolt

1

2

Chimney Handle

1/2 inch rebar

1

3

Chimney Cover
Top

Mild Sheet Steel

1

4

Chimney Cover
Bottom

Mild Sheet Steel

1

5

Chimney

Rolled Sheet Steel

1

6

Pivot Nut

5/16 -18 hex flange nut

2

7

Top Handles

1/2 inch rebar

2

7

8

Top Cover

Mild Sheet Steel

1

10

9

Rotating Airflow
Cover

Bent Sheet Steel

1

6

10

Airflow Control
Handle

1/2 inch rebar

1

11

Body Handles

1/2 inch rebar

2

12

Top Lid

Bent and Welded Sheet
Steel

1

13

Kiln Body

30 gallon carbon steel
open top oil drum

1

14

Frame Wall

Bent Sheet Steel

1

15

Frame Base

30 gallon carbon steel
open top oil drum lid

1
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