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Introduction – Goals & Status
 Project Goals

 Develop a Tier 4 natural draft cookstove that will meet the needs and desires of 

customers in rural Kenya.

 Deliver an easy to manufacture and market ready cookstove that meets the cost and 

expectations of the final users, including durability, emissions, safety, comfort, 

aspirational value and compatibility with local fuels, foods, and customs. 

 Project Status Overview
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User Research – cont.
 Focus Group Discussions & Home Placement

 5 different geographic areas in Kenya. 

 total of 213 participants, 18 – 58 years of age

 Firewood primary fuel

 Socio-Economic Status: $10 - $100/month

 Households of 2 – 8 persons

 35% of cooks purchased firewood; 65% 

gathered.

 Half were using some type of “improved” 

cookstove at the time of the  study. 

. 

 5 prototype cookstoves developed by 

UW / Burn Design Lab together with 

4 commercially available cookstoves 

were used in the study



User Research – cont.

 Fuel burned by users is roughly three times as large as that typically used for 

WBT’s in the lab. 
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 Results – cont. 

 For those FGDs participants 

who purchased firewood, the 

average price paid was 370 

KES/week (~ $3.70/wk)

 An improved cookstove that 

sells for $40 and saves 50% 

of fuel use, could  pay off in 

6 months or less for 80% of 

the participants in this study 

User Research – cont.



Preferred stove Geometry

Average Range Mode

Height, cm 36 21 – 73 31 – 40

Weight, kg 4.9 3 – 8 4

Diameter, cm 32 25 – 38 34

 User’s preferred stove geometry 

was on average, similar to the 

that of the 9 stoves used in the 

survey.

User Research - Preferences

Geometry of Stoves Used in Study

Average Range

Height, cm 34 24 - 51

Weight, kg 4.5 2.8 - 7.6

Diameter, cm 31 25 - 38



User Research - Preferences
 Pre-cooking to post-cooking preferences changed substantially.

 Pre-cooking stove preferences based on size, appearance, & weight.

 Post-cooking, stove preferences based on perceived time to cook, ease of lighting, fuel required for 

cooking (efficiency), and particulate emissions. 

 Cooks were willing to accept reduced visibility of flame for perceived improvement in performance 

(fuel feed chamber door). 

 Cooks desired innovative features of prototype stoves (e.g. ashtray, primary 

air/wood feed door, pot skirts, and extended cone deck), suggesting that 

participants are progressive on features.!

!!!!!!!!!! !
Figure 8.   SFR 17A is designed to accommodate larger-diameter pots. The diameter of 
the cone deck is increased, allowing a user to effectively use a pot skirt on large pots. 
The stove includes an insulated combustion chamber and an insulated rise.  



 Accessible design model used to predict 

stove efficiency and heat transfer using user-

friendly inputs (burn rate, stove materials 

and geometry)

 Model outputs include time resolved heat 

flux and stove component temperatures, 

stove efficiency

 State space, time resolved model that 

accounts for conduction, convection, and 

radiation and is experimentally validated

 Code will be available on the web (by 

Ethos, January 2016)

Simple Design Model for Predicting Stove Efficiency



 Experiments are closed 
symbols and open 
symbols are model

 Several commercial
and prototype stove 
efficiencies plotted as 
function thermal mass

 Efficiency decreases
with thermal mass 
because goes to raise 
stove temperature 
rather heat food

 Model predicts trend

Simple Design Model for Predicting Stove Efficiency
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Simple Design Model for Predicting Stove Efficiency

• Model tracks what where energy is stored and lost

• Model predicts that eliminating contact conduction to stove outer body can increase 

stove efficiency by 3% or more.

Burn Design Prototype Modified to reduce contact conduction



• 3D, time-resolved model to 
predict fluid flow, efficiency, and 
emissions

• Computational modelling of fluid 
mechanics, heat transfer, and 
combustion chemistry

• Large Eddy Simulation model with 
Eddy Dissipation combustion 
model

• Need stove cad model, burn rate, 
stove material properties

Computational Modeling

Particle Streaklines



 Agreement of efficiency with experimental results

 Increasing pot support height increases flow area & excess air

 Too much excess air in our system

 High levels of excess air reduce efficiency by introducing cool 
air and reducing gas temperature

Role of Pot Support Height
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Tier 4 TallBoy Prototype Stove

 
Figure 17.   Air and volatile flow paths for Tallboy 2.0 

 

Secondary air injection is a crucial element for complete combustion for our secondary flame 

zone. Air injection for natural draft is dependent on the inlet diameter. Penetration into the flame 

front increases with velocity. It is easiest to understand the relationship between velocity and area 

using mass conservation. Under constant density assumption, the velocity at point 2 is increases as 

the area at point 2 is decreased. 

 

However Bernoulli’s equation assumption relates a change in velocity to a change in pressure, 

given as,   

 

If the pressure drop caused by the flow of products through the riser is not enough to drive the 

correct amount of secondary through its inlet, the desired velocity will not be obtained. Having too 

little secondary air will cause incomplete combustion lowering efficiencies and increasing PM 

production. Excess secondary air will cool down the stove and lower the temperature around the 

pot, reducing heat transfer to the pot.  The same principle used for secondary air hole size applies 

to volatile air hole size, but the reasons for optimization are different. For the volatile’s air hole 

size if the pressure drop is not large enough volatile will begin to build-up and “leak” out, 

decreasing efficiencies. If the pressure drop is too large air will be drawn through volatile 

collection box. This will cause the pyrolizing front of wood to enter the combustion or flaming 



Wood Grate

Charcoal Grate

Swirl  Enhancer 

Radiation Shield

Secondary air

Volatiles capture

• Wood and charcoal grate

• Volatile capture

• Secondary air

• Swirled under fire primary air

Tier 4 TallBoy Prototype Stove



Tier 4 TallBoy

Prototype Stove



Laboratory Testing: TallBoy
Metric Tallboy

Tallboy

Tier
Benchmark Benchmark 

Tier

PM2.5 Emiss. HIGH [mg/MJ] 29.8 4.27 414 1.95

PM2.5 Emiss. LOW  [mg/min/L] .64 4.36 3.7 2.15

PM2.5 Indoor Emissions [mg/min] 2.40 3.93 36.6 1.15

CO Emiss. HIGH [g/MJ] 5.73 4.28 4.9 4.39

CO Emiss.  LOW [g/min/L] 0.066 4.27 0.07 4.27

CO Indoor Emissions [g/min] 0.27 4.36 0.42 4

Thermal Efficiency [%] 44.6% 3.96 36.6% 3.16

Low Spec. Consumption [MJ/min/L] 0.026 3.22 0.028 3

Time to boil [min] 33 29.1

Burn rate [g/min) 7.3 10

Fire Power [Watts] 2200 3000

*Benchmark is the average of natural draft stoves in Jetter 2012 



CO-PM Jetter Map

Jetter ES&T 2012



G1 Stove Development
 32 stove prototypes and 80+ configurations

 Total number of tests:    ~500

 Innovations have focused on PM reduction and user aspirations



Challenge: Boil Over

When cooking it is not uncommon for liquids to boil over out of the pot and onto the 

stove.  When this happens the liquid can get into the top of the stove (cone deck) the 

sides, and into the combustion chamber.  Since the combustion chamber already 

experiences the most sever conditions, liquids from boil over add a corrosive, 

shortening the life of the combustion chamber.  To avoid this, a “boil over gutter” 

(BOG) was formed into the cone deck.  

G1 Stove Development

Cone Deck without BOG Cone Deck with BOG



G1 Stove Development
 Boil over gutter to the cone deck 

lowered the efficiency and increase 
the low power specific consumption.  

 A new boil over gutter design, aimed 
at improving thermal performance is 
under development.
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 Component temperatures 

G1 Stove Development 



 12 Stove Prototypes

 Matrix of materials and insulation options

 Testing around the clock (24 hours / day X 6 days / week)

 Equivalent to 5.1 times typical household use of 4 hours / day

 Local fuel & tending practices. 

Field Durability Testing



Additional Work

 G1 – Remaining development & commercialization

 G2 - Incorporation of additional learnings from 

“Tall Boy” 

 Stress testing G1 & G2 and other commercially 

available stoves using fuel size, moisture, and 

tending practices that better represent normal 

practice in the field. 

 Field emissions testing



Questions??


