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Road Map

2» \Why methane emission reductions are
undervalued
e Way to reduce global warming fastest

e More appropriate for comparison of costs of
alternatives

e Connection with ground-level ozone

2» Co-benefits of household energy improvements

e GHG reductions including methane
o Health benefits



Methane | ssue #1

2»M ethane contributes a significant amount to
global warming

2»But has a much shorter atmospheric lifetime
compared to the other GHGs

»Thus, changes in emission rates will have a
much faster impact to lower warming
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2» The current official GWPs are based on 100-year time
horizons
e Methaneis 23x CO2 by weight
e Equivaent to a0.7% discount rate

2» For making decisions on how to spend money, however,
0.7% Istoo low.

2 The other GWP published by IPCC, has a 20-year time
horizon
e Methaneis 62x CO2 by weight
e Equivaent to a4.3% discount rate

a» 20-year time horizon is more realistic, but even better
would be something roughly equivalent to a 3% discount
rate, i.e, a GWP of 40-50



CO2 and CH4 Depletion
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a»| ncreases of wide-scale ground-level ozone
IS becoming amajor world problem

a2 A significant health-damaging pollutant
2»Methane emissions are one of Its causes

2» Reduction of methane emissions, therefore,
will help protect health worldwide



Methane Emissions Affect
Ozone Air Quality as well as Climate

» Methane contributes to the formation of ozone, a
primary component of photochemical smog.

VOCs + NO, + sunlight — O,

» Ozone is associated with premature mortalities
(Bell et al., 2004, 2005; Levy et al., 20005; lto et al., 2003).

» Background concentrations of ozone are increasing
globally due in part to increasing methane.

West and Mauzerall, 2006




Background Ozone is Growing ...
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... and Will Continue to Grow!

Historic and future increases in
background ozone are due
mainly to increased methane
and NO, emissions (Wang et
al, 1998; Prather et al., 2003).
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Multiple Benefits of Reducing Methane

Reducing ~20% of anthropogenic methane emissions will:
» Be possible at a net cost-savings.
» Reduce 8-hr. average ozone globally by ~1 ppb.
» Reduce global radiative forcing by ~0.14 W m-2,
» Provide ~2% of global natural gas production.

» Prevent ~30,000 premature deaths globally in 2030,
~370,000 from 2010-2030.

Mauzerall, 2007




Global Methane Emissions

Natural:
180 Mton CH, yr-’
Termites Ocean Coal Qi / Gas
| " e - ; Biofuel
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* USA Is ~9% of global EDGAR3.2 &
anthropogenic emissions. Houweling et al., 1999




National Household Solid Fuel Use, 2000
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Rural Energy in China: 2004

Total
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Woodsmoke is natural —how can it hurt you?

Or, since wood Is mainly just carbon, hydrogen, and oxygen,
doesn't it just change to CO, and H,O when it iIs combined
with oxygen (burned)?
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Reason: the combustion efficiency is far less than 100%



Energy flows in awell-operating traditional
wood-fired Chinese cooking stove

A Toxic Waste Factory!!

Typical biomass cookstoves convert 6-30% of
the
fuel carbon to toxic substances + methane

Into Pot Waste Heat
2.8 MJ 11.3 MJ
18% 74%
Source:
PIC = products of incomplete combustion = CO, HC, C, etc. Zhang,

etal.,
2000



Toxic Pollutants in Biomass Fuel Smoke
from Simple (poor) Combustion

2 Small particles, CO, NO,
2» Hydrocarbons

Plus methane

@ 25+ saturated hydrocarbons such as n-hexane

@ 40+ unsaturated hydrocarbons such as 1,3 butadiene
@ 28+ mono-aromatics such as benzene & styrene

@ 20+ polycyclic aromatics such as benzo( a)pyrene

2» Oxygenated organics

@ 20+ aldehydes including formaldehyde & acrolein

@ 25+ alcohols and acids such as methanol

@ 33+ phenols such as catechol & cresol

@® Many quinones such as hydroquinone Source: Naeher et al,

@ Semi-quinone-type and other radicals JlIiinel) e 20007
2» Chlorinated organics such as methylene chloride and dioxin
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Chinese Burden of Disease from Top 10 Risk Factors
Plus Selected Other Risk Factors
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Greenhouse warming commitment per meal for typical wood-
fired cookstovein India

Wood: 1.0 kg

454 g Carbon

CO2 Carbon: Wl Methane Carbon: j Other GHG Carbon @ Njitrous Oxide

103 Carbon Monoxide: 38 g 0.018
g 3.890 Hydrocarbons: 6.3 g :

403 g 86 g 131 ¢ 4.7
69 g
. _ Source:
Global warming commitments of each of the Smith,
gases as CO, equivalents gtoglc')’



Figure 10. Methane Emission Factors
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Global Warming Commitment
of Household Fuelsin China
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A Chinese Biomass Gasifier Stove

Tests show PIC emissions nearly at LPG levels.

Winner of Chinese national contest
announced March 2007 for best stove meeting
emissions and reliability criteria:

cost 300Y




Consider the substitution of coal stovesin rural
China with advanced biomass gasifier stoves, now
commercially available in several provinces

o 300Y retail cost/stove + 50% program cost

e 50% of performancein lab

o Typica household fuel use

« Kyoto greenhouse gases only, including methane
e Financial calculations asin CDM requirements

» Health calculations based on Chinese data using
WHO methods




Health and Greenhouse Gas
Benefits of Biomass Stove Options

Coa

1200 | Stove
-Co-benefitsin China:
~$500/life-year saved

~$6/t-CO, averted
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U.S. Solar PV

Area denotes the total ‘Social Benefit’ in International Dollars from the
combined value of carbon offsets (valued at 10$/tCO.,e) and averted
DALYs ($4500/DALY), which is three times the Chinese GDP/capita.

Blue represents the proportion of the total social benefit from averted
DALYs

Yellow represents the proportion from carbon offsets.

100 1,000 10,000 100,000 1,000,000 10,000,000 100,000,000
Health Cost Effectiveness (Int$/DALY)

Figure: Smith & Haigler, in press
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Paying for Rural Energy Development

Global
Climate
Market

$ per ton-carbon

(world carbon

market) —

DR <1% Techhglogy

National
MDG Health
“Market”

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

DR ~3%

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

Economic
Development

DR ~40%




*Source: Census of India 1991

Smith,
et a.
2000
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Conclusions

2» M ethane emissions are more important than
current official weighting factors indicate

2 |_Ikely to Increase in “value’, perhaps during the
post-Kyoto deliberations now starting

»» Methane Is emitted as part of the poor combustion
orocess of solid fuels, which also produce much
nealth-damaging pollution

2 |mproving this combustion offers substantial GHG
as well as heath benefits in a cost-effective
manner




Origins of the Chinese Rura Energy Program

At a biogas stove exhibit in
Wuhan on April 11, 1958,
Mao Zhedong instructed,

“This should be well | & —— o ) L
promoted.” N ) @l A A g




Health and Greenhouse Gas
Benefits of Household Biogas
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Thisreview is partly based on the articles:

Household Air Pollution from Coal and Biomass Fuelsin China:

M easurements, Health Impacts, and | nterventions.
Environmental Health Perspectives 115 (6): 848-855, June 2007
Zhang J& Smith KR

Greenhouse Gases and Other Airborne Pollutants from

Household Stovesin China: A Database for Emission Factors.
Atmospheric Environment, 34(26): 4537-4549, 2000
Zhang J, KR Smith, Y Ma, F Jang, W Qi, P Liu, MAK Khalil,
RA Rasmussen, & SA Thornelow,

All publications can be found at Thank You
http://ehs.sph.berkel ey.edu/krsmith/



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

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

Nearly all burned under poor combustion conditions
producing much pollution and methane
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