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Why Worry about Co-benefits?
Helps share the cost of greenhouse pollutant 
mitigation with achievement of other 
societal goals, such as providing acceptable 
levels of health protection
Potentially reduces political gap between 
developed and developing countries in 
international climate negotiations – early 
achievement of more certain benefits that 
directly relate to development needs (“no 
regrets investments”)



Roadmap

Many types of co-benefits (e.g., changing 
built environment)
Energy related air pollution probably has 
strongest links
Two categories discussed here 

Methane: under-appreciated greenhouse and 
health-related pollutant
Household Fuels in China



Air Pollution from Energy Use
Household solid fuels

Large source of ill-health worldwide in poorest populations – 1.6 
million premature deaths
Non-renewable biomass and coal carbon emissions
Poor combustion leads to non-CO2 GH-related emissions

Outdoor emissions from energy systems
0.8 million premature deaths
Most well documented benefits, climate and health

Special advantage to eliminating black carbon, but difficult 
to ascertain relative climate impacts of different aerosols.
China has the largest global impacts for both these 
categories of air pollution



Estimated PM10 Concentration in 
World Cities (pop=100,000+)

WHO, 2004
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Indian Burden of Disease from Top 10 Risk Factors
and Selected Other Risk Factors
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National Household Use of Biomass and Coal in 2000

Smith et al.
2004



IPCC, 2007

Warming in 2005 
from emissions
since 1750

Note 
importance 
of methane
and
black carbon



The Methane Story:  CH4





Methane and Global Warming
A much more powerful greenhouse gas (GHG) 
than CO2
Partly due to its direct effect, but also because it 
creates ozone (O3), another powerful GHG
Nearly 100 times more per ton than CO2 at any 
one time (73x from direct effects)
Eventually turns to 2.75 times as much CO2 by 
mass
Methane has thus contributed a significant amount 
to global warming, more than half that of CO2
But has a much shorter atmospheric lifetime 
compared to CO2



Math of GHG Decay (AR4)

• CO2 goes into four compartments:
– 19% of total with a lifetime* of 1.2 years
– 34% at 18.5 y
– 26% at 173 y
– 21% with a lifetime of “many thousand 

years”
• Methane has a 12 y lifetime, 

– but contributes to ozone, a GHG
– and eventually oxidizes to CO2

*Lifetime refers to the time to reach 1/e (37%) of the original amount 



Natural CO2 and CH4 Depletion - first 10 years
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IPCC, 2007

Time 
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Future Warming from 2008 Chinese
Methane and CO2 Emissions
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Mauzerall 2007



Effect of a reduction of 20% (~61 MT) 
in global methane emissions on tropospheric ozone

West et al., PNAS, 2006



Reduction in ozone mortality from 
20% reduction in methane emissions

Per million 
population

West et al, PNAS, 2006
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Household Energy in China
• >65% of China’s population is rural.
• ~ 80% of energy use is simple solid biomass 

(wood, agricultural wastes)
• ~13% as coal
• Thus, it is still true to say that in China most 

people rely on biomass fuels for most of their 
energy

• A situation that has not changed since the mastery 
of fire by the human race 



Rural energy
situation is typically 
complex:



Greenhouse warming commitment per meal for typical 
wood-fired cookstove in China
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Role of Technology: CoRole of Technology: Co--benefitsbenefits

• Reduction in air pollution and GHGs
• Improvement in health outcomes
• Increase in fuel efficiency
• Solution to rural biomass fuel shortage
• Reallocation of time for women and kids
• Decrease in forest degradation

Improved 
 Biomass 

 Cookstoves



China National Stove Contest - 2007

# Zhang, et al., 2000                  *Not including water heating function

CO/CO2
Efficiency 

%
PM 

g/kg
Coal# 0.12 17.1 1.6

Traditional Biomass# 0.13 19.1 4.0

Biomass Stove Contest Winners
Daxu 0.020 41.9 0.28
Luoyang 0.019 35.2* 0.24
Xintai 0.025 32.6* 0.36
Zhenghong 0.019 35.9 0.24



Health and Greenhouse Gas  
Benefits of Biomass Stove Options
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Smith and Haigler, 2008

Exposure-Response Relationships in China: 
Global Comparative Risk Assessment



Smith & Haigler, 2008

Current
Cost-effective
Region
In China



Economic 
Development

Once global and 
national markets pick 
up their portions, local 
market can pay 
remainder

DR ~40%

Rural Energy is Linked to Three Major SectorsPaying for Rural Energy Development

National
MDG Health

“Market”

1-3x $GDP/capita per DALY
saved (WHO/IBRD, etc.
recommendation)
DR ~3%

Global 
Climate
Market

$ per ton-carbon
(world carbon
market) –
DR <1% 

High-efficiency low-emissions
rural energy technology is
too expensive for local 
markets

Technology



Co-benefits projects
Coal to biomass stoves



Monitoring Requirements
Fuel Use and Savings
GHG Emissions
Air Pollution Exposures

You don’t get
what you expect, 
but what you inspect.

Monitoring Requirements



Monitoring: Indoor Air Pollution
PM2.5: Pump/filter is
standard method,
but cumbersome,
slow, and poor
resolution

Need new method:
Small, smart, fast, and 
cheap
UCB Monitor using
smoke detector 
technology is an 
example

Source: Chowdhury, Z., R. D. Edwards, et al. (2007). "An inexpensive light-scattering 
particle monitor: field validation." Journal of Environmental Monitoring 9(10): 1099-1106.



With low cost and ease of use, 
many UCBs can be used at once

10% of cost of
commercial devices

And much
smarter!



Locator –
tells who is in
kitchen 



Large areas
of rural China
have high 
ambient air
pollution –
much from household fuel

20-month average
ground-level PM2.5
from satellite data



Conclusion
• Methane emissions are more important than current 

official weighting factors indicate because of its large 
effect over the next generation

• Contributes directly to global tropospheric ozone 
levels

• Methane is emitted as part of the poor combustion 
process of solid fuels: Chinese stoves produce ~2 MT 
of the 300 MT global human methane emissions.

• This incomplete combustion also produces much 
directly health-damaging pollution and wastes fuel

• Improving this combustion offers substantial GHG as 
well as health and other benefits in a cost-effective 
manner – using carbon offsets provides a mechanism

• Focuses on the poorest communities in the country



Thank you

Publications and presentations available at

http://ehs.sph.berkeley.edu/krsmith/
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