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Take-home messages 

Black carbon is very distinct from other particles.   

Major sources of black carbon are known;  
magnitudes are uncertain but bounded. 

For a continental picture, valuable emission 
inventories for metropolitan areas must be 

combined with country-wide emission estimates. 



Black carbon versus  
particulate matter 

1 mm 

Mass in Mexico City (Aiken et al.,  
Atmos. Chem. Phys. 9, 6633, 2009 



Heidenreich et al., J. Appl. 
Crystallography 1, 1-19, 1968 

If you had nanovision, and a very small 
knife, you would see this… 

TEM image, BC mixed with 
sulfate (Mexico City) 

Johnson et al., Atmos Chem Phys 
3, 3033-3043, 2005 
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energy levels = absorbs 
at many wavelengths. 



Strong absorption of BC causes  
powerful, immediate warming. 

1500 W 

1 gram BC emitted =  
small heater in atmosphere for 1 week 

1 kg CO2 emitted =  
1 Christmas bulb for 100 years 

0.5 L 

0.4 W 



Other particles act as mirrors, reflecting light. 

Scattering 
particle 

Light is reflected 
away from Earth-- 

COOLING  

Absorbing 
particle 

Light is absorbed and 
turned into heat –  

WARMING 

Almost 
everything that 

is not BC 



How is black carbon created? 

K. Siegmann, K. Sattler, and H. C. 
Siegmann, J. Electron Spectrosc. 
Rel. Phenom. 126, 191-202, 2002  

Solo 
fuego! 



We know how to make BC and remove it 

Maximum creation! 

Bad 
combustion, 

slow reactions,  
unstable 

intermediate 
products  
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Fast 
oxidation 
reactions 

3 T’s: 
“Time,  
      Temperature,  
        Turbulence” 



Good candidates for producing black carbon 

Now we are ready to find 
the emission sources. 



Global sources of black & organic 
carbon 

Black carbon  Organic carbon  
Year 2000 estimates  (Bond et al., GBC 2007 + van der Werf, 2006 + updates for IPCC AR5)  



Major energy-related sources change with 
development & increased income 

Because you 
have to eat and  

stay warm… 

Residential 

Because you 
want jobs… 

Industry Because you 
want to buy 
things & go 

places! 

Transport 

clean, convenient fuels efficiency, air quality 

development & increasing  quality of life 



Source mix differs by region 

d  e  v  e  l  o  p  m  e  n  t 

Residential Industry Transport 



Global vs Latin America profile 

Global BC: 8000 Gg/yr  

Latin America BC: 1300 Gg/yr  

More open burning 
Transport is greater fraction of energy-related 



Distribution of emissions  

Energy-related: 360 Gg/year  

Open burning: 880 Gg/year  
units: kg/m2/sec 



Emission estimates for open burning 



Emission estimates for diesel engines 



Emission estimates for biofuel  



Progression of global inventories 

One emission 
factor for  

each sector 

Technology  
in each sector 

Country 
knowledge 
describes 

technology 

Driver-based 
knowledge: 

present understanding 
+ future projections 

upcoming! 

2005- 
present 
for urban 

inventories & large 
installations 

2000-2004 

mid-1990s 



Urban-to-global links very important 



Take-home messages 

Black carbon is very distinct from other particles.  
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For a continental picture, valuable emission 
inventories for metropolitan areas must be 

combined with country-wide emission estimates. 





General rule about BC+OC emitters 
(for energy-related sources) 

Emitter size 

For large emitters, poor efficiency = greater financial losses 
improved technology or controls are more affordable 

More fuel consumed 

Greater efficiency 

Reporting requirements more stringent 

More information 

More emissions per fuel 

High  
emissions  

from  
small  

sources  
with little 

information 


