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Background
According to the World Health Organization more than three billion people depend on
biomass fuels (wood, dung, or agricultural residues) primarily for cooking. The practice of
cooking with biomass has decimated many ecosystems and requires an enormous amount of
human effort to gather. In addition, there is considerable evidence that exposure to biomass
smoke increases the risk of common and serious diseases in both children and adults.
According to the WHO studies, indoor smoke from solid fuels causes an estimated 1.6
million deaths annually. Additionally, cost is a major concern to the people of Haiti as the
average Haitian makes less than $2 per day. To minimize these harmful effects and the
costs associated with cooking, more efficient cook stoves have been proposed. These new
stoves are significantly more fuel efficient, keeping costs down and reducing deforestation
rates. These enhanced stoves also reduce indoor air pollution, thereby reducing deaths and
illnesses due to biomass cooking.

STOVE TEAM

THERMOELECTRIC TEAM

Project Deliverables

Goals

• An improved stove design that can be tested and validated using a
working prototype.
• The stove must utilize forced air to improve combustion.
• The improved stove is to reduce fuel use and emissions by at least
50% from traditional Haitian stoves.
• The stove must be affordable and manufacturable in Haiti.
• At least two prototype stoves must be sent to Haiti for field testing.

Use a thermoelectric unit to convert heat energy to
electrical power

Preliminary Stove Start Up

This test includes a cold start, hot start, and simmer phase to help characterize time to boil, thermal
efficiency, specific fuel consumption, carbon monoxide, and particulate emissions.

Modified Water Boil Test – similar to the Water Boil Test except only with a cold start and shortened simmer
phase. The primary goal of this test is to help teams with the design process of a stove by allowing quick
feedback when varying a desired input and its impact on the output and results.

Controlled Cooking Test – characterizes a stove’s cooking performance by having testers perform a cooking task
instead of boiling a pot of water. The cooking task is defined as a traditional dish representative of the
desired market. The cooking practices used should closely mirror that the traditional practices of the desired
market as well including similar pots and fire starting techniques. Desired goal is to characterize time to
cook, specific fuel consumption, and relative stove performance.

Implemented Design Schematic

Design Decisions

•
•

•

Project Benefits

•
Final Stove Assembly

• Stoves pose a danger to operators because of high temperatures and they are not
ergonomically designed. Utilizing insulation in the design will reduce the chances of
severe burns to operators. Taking ergonomics into consideration will make the cooking
process more comfortable for users. The design will also take stove transportation and
applications into account making this stove design more practical for its users.

In order to ensure sustainability, manufacturability, and affordability a 55
gallon steel drum was selected as our primary material. This material
was chosen due to its low cost and high availability in Haiti.
Insulation was implemented into the design. In order to minimize heat
loss through the stove walls thus improving efficiency.
An inner annulus was chosen in order to: 1. Separate the insulation from
being directly exposed to the combustion chamber temperatures, 2.Act
as a radiant barrier to help reduce radiant heat transfer from the
combustion chamber out the walls, and 3. Help keep the surfaces in
which the forced air comes into contact with smooth to facilitate fluid
flow around the combustion chamber.
A pot skirt is utilized, which is a band of metal that surrounds the pot
forcing air to channel around the pot and up the sides, thus increasing
the surface area in contact with the combustion gases and thus the heat
transfer to the pot.
A constraint of 1 W of pumping power was applied to the design problem
because of power restrictions from thermoelectric system. Therefore
pressure drop throughout the stove needed to be minimized.

Test Stand

Component

Description

TEG

Produces electrical power from a temperature differential between its upper and lower surfaces.

Rod

Conducts heat from the combustion chamber of the stove to the hot side of the TEG.

Heat Sink

Uses airflow provided by the fan to carry heat away from the cool side of the TEG and preheat air to
improve combustion.

Fan

Provides airflow across the heat sink and into the stove. The computer case fan operates at 12 volts.

Bypass

Controls the level of airflow into the stove by redirecting some flow out of the unit.

Battery

Provides power for the fan at startup before TEG is producing sufficient power, as well as auxiliary charging
capability.

Electrical Control System

Power from the TEG goes to a DC-DC boost converter which increases and regulates the voltage. From the
boost converter the current goes to one of three systems dictated by a switching circuit: a charger circuit
that powers a USB port, the fan, or a circuit that charges the batteries for the fan.

Preliminary Results
• The heat output of the stove was calculated from the charcoal
combustion energy required to boil 2.5 liters of water in fewer than
fifteen minutes.
• The required air flow in cubic feet per minute was calculated from
the chemical mixture required with a factor of safety to ensure
complete combustion the charcoal.

• Many people in rural areas of Haiti do not have access to electricity to recharge
portable devices and must travel long distances to reach cities that do. The proposed
stove will utilize thermoelectrics in order to generate electricity for both the fan and an
auxiliary power jack, allowing everyone the ability to recharge small portable devices
without travelling.

• The reduced rate of fuel consumption will slow the rate of deforestation within Haiti
and surrounding areas.

Flow Schematic

Level

Hole Size

Pot Gap

Skirt Gap

Air Flow

High

21x1.29 cm

1.5 cm

1.5 cm

12 V

Low

21x0.65 cm

0.5 cm

0.5 cm

4V

• After preliminary testing was conducted the factors that yielded
the best results were; 21x 1.29cm diameter holes, a gap between
pot and stove of 0.5cm, a skirt gap of 0.5cm and an fan voltage of 12
volts for boil and 4 volts for simmer.

2-Scale and Diffuser

3-Carbon Monoxide & Particulate
Matter

How does it work?
Insulated Thermocouple
was mounted on a metal
plate and connected to the
TC reader that allowed
electronic logging of
temperature data .

Why was this needed? The scale is
used to calculate mass differences in
the stove and water so that stove
efficiencies can be calculated. The
diffuser was used to inhibit large air
pressure variations across the scale
and decrease variation in mass and
efficiency measurements.

How was data collected?
CO emissions was electronically
logged while filters were used to
quantify particulate matter through
a sample stream.
Why at that location? The air flow
was found to be uniform at the end
of exhaust flue.

TEST

Testing
Testing was used to both understand the characteristics of the combustion and our system and to
optimize the design. Thermocouples were used to measure the temperature of the conduction rod and
the heat sink at the TEG. They were also used to measure ambient air temperature, incoming air
temperature, and air temperature after the heat sink. Pressure taps were used to measure the
impedance of the system. Fan flow was measured with a rotary vane anemometer.

Factors

1-Thermocouple Assembly

Data Output for Traditional Haitian Stove
Cold
Boiling
Time(min)

Hot Boiling
Time
(min)

Cold
Thermal
Efficiency

Power
Output
(kW)

Hot Thermal
Efficiency

Carbon
Monoxide
(g)

27 ± 6

20 ± 4

19% ± 3%

20% ± 4%

15 ± 3

340

1.4

Modified
Water Boil Test

19 ± 4

NA

20% ± 2%

NA

14 ± 4

140

3.9

Controlled
Cooking Test

35 ± 6

NA

NA

NA

NA

3.7

RIT Stove @ 4V

24 ± 3

NA

47% ± 17%

NA

9±2

380
45

Future Work
•

Issues
•
•
•
•

Power allowances for electrical components
Maintaining temperature difference across TEG as fire burns down
Maintaining peak power production from the TEG
Cost of the system

•
•

Particulate
Matter
(g)

Water Boil Test
(WBT)

At Right: A traditional
rice and beans meal
cooked during the
controlled cooking test

• The prototype stove was setup with variable parameters to give
our design direction to maximize the heat transfer and minimize
carbon monoxide and hazardous emissions. The following factors
were determined to be the most influential through modeling.

• Haitians currently do not have the benefit of heat adjustment on stoves they use now.
The new design will include the ability to adjust the heat output so Haitians will have
the ability to boil food rapidly and simmer food for extended periods. Thus reducing fuel
consumed and emissions during simmer.

• The manufacturing and marketing of these stoves will help stimulate the Haitian
economy by bringing jobs and a new source of revenue for the Haitian people.

TESTING TEAM
Tests
Water Boil Test – a test to characterize the performance of a cook stove by boiling and simmering a pot of water.

Charge a cell phone or any USB device using TEG
power.
Attach easily to stove

•

• Current stoves are very inefficient and are high in emissions. Being inefficient the
current stoves have a high operating cost and high pose dangers to the user when used
indoors. The proposed design is attempting to reduce fuel consumption and emissions by
50%, thus saving the user money while also giving them the ability to cook safely indoors.

Provide forced air flow to the stove with the power
produced by the TEG

What is a Thermoelectric?
A thermoelectric generator (TEG) is a solid-state
device that converts thermal energy to electrical
power. By creating a sufficient temperature
difference across the 1.5 in. x 1.5 in. TEG module
as much as 4 Watts of power can be produced.

Particulate Matter emissions collection needs to be investigated and improved
to minimize the error
LabVIEW program to log all data including mass, temperature, CO and time
more efficiently
Integrate thermoelectric unit with improved stove design
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At Left: A graph
of the data
output from a
typical modified
water boil test
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