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”Strikers are calling on people

all over the world to join a week

of escalated climate action
Why: To show solidarity with the youth-led strike,

shine light on the failures and demand

immediate climate action from all 

governments and corporations”



Challenges ahead…

54 countries
Population

1.3 billion (2019) 

4 billion (2100)



Research project
 3 sites * 50 households
 2006 - 2014 - 2019Kenya

50 mi (2019)
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Wood fuels – large variety
Fuel use

• Large variation of wood fuels and sources

• Trees on farms (prunings)

dominant source 

• 1-2 dominant species in each site
• Siaya: Markhamia lutea
• Embu: Grevillea, Coffee
• Kwale: Neem, Casuarina

• Agricultural residues for fuel:
• Coconut husks
• Potentially coffee husks



Fuel use efficiency
Fuel use

 



Indoor air 
pollution

Reduced indoor air concentrations
of PM2.5 and CO

Kitchen concentrations during cooking compared to open fire:

• CO reduced by 57 - 95% in the three sites

• PM2.5 reduced by 79 - 97%

CO concentrations are below WHO guidelines 1 h exposure

PM2.5 

(μg/m3)

CO (ppm) CO2 (ppm)

Embu 320 ± 410 9.9 ± 8.4 590 ± 63

Siaya 160 ± 170 8.5 ± 8.3 619 ± 70

Kwale 290 ± 950 7.5 ± 10.4 601 ± 253

Concentrations measured in the kitchen

during cooking

1.5 m above ground, 1 m from stove



Biochar production

• Average 200 g produced per meal

• Biochar yield 16.5 % of fuel mass

Biochar 
quality

Biomass Biochar

Tree species Ash 550°C

(% dw)

VM

(% dw)

Fixed 

carbon

(% dw)

Calorific 

value

(MJ/kg)

Ash 550°C

(% dw)

VM

(% dw)

Fixed 

carbon

(%dw)

Calorific 

value

(MJ/kg)

pH BET

Surface 

area

m2/g

Mucuca 0.6 83.1 16.3 17.8 4.1 9.5 86.4 29.9 9.0 254

Muriru 0.7 82.9 16.4 17.9 2.4 10.2 87.5 30.9 8.9 293

Coffee 1.7 80.6 17.7 18.2 3.9 9.8 86.4 30.1 8.6 143

Macadamia 1.1 81.1 17.8 17.8 3.1 10.3 86.6 30.6 8.7 257

Grevillea 0.8 81.7 17.5 18.2 3.1 8.7 88.2 30.1 8.3 135

Neem (n=10) 2.2±0.3 79.4±0.6 18.4±0.4 18.4±0.1 4.8±0.3 10.4±0.5 84.8±0.6 32±0.1 - -

Casuarina (n= 9) 1.4±0.1 81.4±0.3 17.2±0.3 18.4±0.1 3.4 10.9±0.7 87.5 32.4±0.2 - -



The cookstove functions well, but
Cookstove
design & 
supply

Challenges:

• Lighting

• Refilling

• Cutting wood

• Learning to cook various meals

• Saving biochar to planting season

Most families use the gasifier stove , but most of them don’t use it every day



Maize yield

• field trials comparing 
biochar to normal 
farming practices

• farmers used 
biochar from 
cookstoves

• biochar doses 
1-10 tonnes/ha

• biochar applied in 
furrows

• hybrid seeds 
provided

• 2 seasons

Maize & 
kale yield
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Kale yield

• 2 sites, 1-2 seasons

• Large variability
due to variable rainfall

• Average yield increases observed

Maize & 
kale yield



Climate impact –
Greenhouse gas balance (LCA)

• From fuel to biochar

• Biochar C sequestration

• CO2, CH4, N2O

• Effects of increased

agricultural yield not included

• Functional unit: cooking for one

household for one year



Climate impact –
Greenhouse gas balance

Current Gasifier

*

*mostly renewable, minor share non-renewable



Conclusions

Biochar production in cookstoves
can provide multiple benefits:

• Reduced fuel use

• Reduced indoor air pollution

• Less drudgery for women

• Increased crop yields

• If non-renewable biomass fuel: large GHG emission reductions

• If renewable fuel: net negative GHG emissions
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