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Charcoal production in Africa

By 2100, Africa will have 13 of the world’s 20 largest megacities which 
suggests charcoal production will continue to increase

[Source]: FAOSTAT, accessed May 2014

[Source]: Global Cities Institute



Charcoal supply chain
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Charcoal production and use are sources of primary aerosols and precursors of 
secondary aerosols and ozone



Charcoal production and use trends in Africa (2000 – 2014)

[Data source]: United 
Nations energy
statistics database
(UN, 2017)

From 2014 to 2030 charcoal production will double in Africa due to urbanization

p-value < 0.001
Annual increase = 7%



Emission = Activity Data x Emission Factor

Developing emission inventory

We develop country level emissions of air pollutants from the charcoal supply chain 
in Africa in 2014



Mapping emission activity locations

Production : 
5-15 km from main 
roads. 

National Boundary
Consumption
Main Road

Truck Zone
Protected Area
Charcoal Vegetation

Consumption:
Urban extent 
determined using 
road network data

Plastic burning 
limited to slums.

Trucks:
Mapped around 
urban centres 
proportional to 
population



Spatial distribution of pollutants from charcoal production in 2014
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Emission from the charcoal production are highest in East and West Africa



Emission of Black Carbon

Uganda

Black carbon from charcoal use is higher due to higher emission factor

Spatial distribution of pollutants from charcoal use in 2014



Emission of Black Carbon

Uganda

Emission from the charcoal transport is least from the supply chain

Spatial distribution of pollutants from charcoal transport in 2014



Contribution of the charcoal activities to pollutant emission

Most of the ozone precursors are emitted during charcoal production 
whilst most of the directly emitted particles are from charcoal use



Global cycling of tropospheric chlorine

HCl from charcoal use contributes to the chlorine budget of the 
troposphere and reduces the oxidative capacity of the atmosphere

[Source]: Wang et al., 2019



Chemical transport modelling (CTM)

3D Chemical transport model driven by reanalysis meteorology
Grid Resolution: 2˚ x 2.5˚  (200 - 250 km)

Tracer 
Concentrations 
(PM2.5 and Ozone)

SW and LW Radiative 
Forcing (Aerosol and 
Ozone)

Emissions

Meteorology

(Including Scaling Factors)

(Coupled to radiative transfer model)

CTM provides comprehensive representation of the atmosphere



PM2.5 is mostly from windblown dust in the north. Major sources of both PM2.5 and ozone 
are open fires in the tropics and coal burning in South Africa

GEOS-Chem baseline surface PM2.5 and ozone



PM2.5 and Ozone enhancement in 2014

Surface enhancements are widespread across the tropics and subtropics, with peak, with 
peak values of 1.3 µg m-3 for PM2.5 and 0.7 ppbv for ozone respectively.



Concentration response curve

[Source]: Apte et al., 2015



Aerosols exert a net cooling effect on the earth’s climate, peaking in East Africa (-0.25
Wm-2). Ozone forcing exerts a net warming effect on the earth’s climate, peaking also in
East Africa (2.7 mW m-2)

GEOS-Chem top of the atmosphere radiative forcing due aerosols and ozone 
from the charcoal supply chain



• Charcoal production is a considerable source of pollution in Africa (24% of open fire 
emissions in 2014)

• Charcoal enhances the poor air quality in Africa and contributes to warming and 
cooling of the atmosphere from the emission of aerosols and precursors of aerosol 
and ozone along its supply chain 

• With an annual increase in charcoal production at 7% a-1, it is quite clear that 
emissions will increase at the same rate in the coming decades and hence the effects 
on air quality and climate

Conclusions



• Assess the population weighted exposure to PM2.5 from 
the charcoal value chain in 2014 and 2030

Future Work



• Assess sustainability of the forest for charcoal production

Future Work




