
Health, energy, and greenhouse-gas
impacts of biomass combustion

in household stoves
Kirk R. Smith

East-West Center, Honolulu, Hawaii 96848, USA

Poor biomass combustion in stoves entails three major environmental liabilities due in significant
part to emissions of products of incomplete combustion (PICs). First, poor combustion contributes
directly to low energy efficiency, with its attendant problems of onerous human labor requirements
and pressure on biomass resources from harvesting. Second, some PICs are hazardous to health
when breathed in the concentrations commonly found in homes using unvented biomass stoves.
Third, a different set of PICs are strong direct or indirect greenhouse gases, potentially contributing
to global warming. To evaluate the impacts in these three areas, it is valuable to construct carbon
balances of alternative stove/fuel systems in what can be called ‘‘triple carbon balance’’ analysis
(TCBA). Here TCBA is applied to traditional and improved woodstoves in developing countries and
to one of the chief alternatives, kerosene. The tentative, counterintuitive result is that a switch to
fossil fuels can sometimes be justified on all three environmental grounds.

1. Introduction
It has been said that wood is the fuel that heats you twice

-- once when you chop it and once again when you
burn it. Like fossil fuels, however, biofuels also have the
potential to heat you a third time as a result of enhanced
greenhouse warming due to the gases released by com-
bustion1. It has generally been assumed that this potential
is only realized when the biomass being burned is har-
vested on a nonsustainable basis. With sustainable har-
vesting, it is argued, an equivalent amount of carbon is
recaptured by the regrowing biomass as is released by
combustion. Thus, the net greenhouse gas increment is
zero.

Even when this is true with regard to the number of
carbon atoms, it may not be with regard to their green-
house equivalence. In particular, photosynthesis captures
only carbon dioxide (CO2) from the atmosphere, but ac-
tual biomass combustion emits other carbon-containing
materials with atmospheric warming impacts [Levine,
1991].

These products of incomplete combustion (PICs) are
also of concern because of their effects on human health.
Measurements in village homes throughout the world
have shown that health-impairing concentrations of PICs
are often encountered where people use wood or other
biomass for cooking or heating in poorly ventilated con-
ditions [Smith, 1987].

These same PICs also represent lost energy and con-
tribute to the low engineering efficiency with which meals
are cooked in much of the developing world [Baldwin,
1987]. This, in turn, increases pressure on biomass re-
sources, which, along with land clearing and other factors,
has been associated with deforestation and accompanying

environmental problems in some areas.
The apparent opportunity for decreasing forest-stressing

biofuel demand as well as reducing health-threatening
smoke exposures has lured many local, national, and in-
ternational organizations, both government and private,
into programs to disseminate improved biomass stoves in
poor countries. Although there have been major successes
such as the Chinese national improved stoves program
[Smith, Gu, et al., 1993], which has reached more than
one-half the nation’s rural households, it is only in recent
years that the percentage of success has been high [Barnes
et al., 1994].

Recently, rising concerns about global warming from
the buildup of CO2, methane (CH4), and other greenhouse
gases in the atmosphere have focused attention on world-
wide biomass combustion. Emitting 2100-4700 Tg carb-
on/year compared to 5700 Tg C/y from fossil fuels,
biomass burning plays important roles in the global carb-
on cycle [Crutzen and Andreae, 1990]. Approaching 1000
Tg C/y, household biofuel, in turn, accounts for a signifi-
cant fraction of overall biomass combustion [Meyers and
Leach, 1989].

These parallel developments raise questions of the fol-
lowing sort:
• ‘‘Would alterations in household biomass combustion,

such as might be brought about by improved stoves
or fuels, have significant implications for global
warming?’’

and
• ‘‘Do actions leading to the reduction of the green-

house-gas impacts of household combustion always re-
duce potential health impacts as well?’’

In this paper, I attempt to demonstrate a type of analysis
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designed to quantitatively address these and related ques-
tions.

2. The Manila study

To explore these issues, it is essential to know the biomass
stove emission factors for the various airborne species that
have significant implications for energy, health, and global
warming. Some of this information is already available,
for in the 1980s a number of studies were undertaken to
examine the energy efficiency and health implications of
biomass stoves, both in developed and developing country
situations [Smith, 1987]. Although a significant amount
of greenhouse-gas research has gone into studies of
biomass burning at large scale (forest fires, swidden ag-
riculture, savannah burning, etc.), relatively little has fo-
cused on the type of small-scale combustion found in
household stoves of developing countries [Levine, 1991].

With such a focus, a pilot cookstove study was under-
taken in Manila. Monitored were emissions of more than
80 greenhouse-related and health-related gases (here,
lumped together as total non-methane organic compounds,
TNMOC) from traditional cookstoves burning wood,
charcoal, kerosene, and liquefied petroleum gas (LPG),
which together account for the bulk of all cooking activity
in developing countries [Smith et al., 1992; Smith, Khalil,
et al., 1993]. Involving only a few stove/fuel combinations
in each category, it is not possible to draw statistically
valid global conclusions from this pilot study. Neverthe-
less, the measurements are quite suggestive and serve to
illustrate how more detailed studies of this type could be
useful. Table 1 summarizes the results of the sampling
and analyses in terms of emission factors and grams of
pollutant per kilogram of fuel, for each of the major PICs.

3. Triple carbon balance evaluation

A profitable way to compare the three major effects (en-
ergy, health, and global warming) of biomass stoves is to
determine how carbon flows through each by means of a
‘‘triple carbon balance’’ analysis (TCBA). Figures 1, 2 and
3 illustrate a TCBA derived for the composite wood-fired
cookstove in the Manila study. TCBA follows the typical
fate of the 500 g of carbon contained in 1.0 kg of wood
burned in such a stove. About 88% of the carbon is emit-
ted as CO2 (weighing 1.6 kg), and the rest (60 g) is dis-
tributed as shown among several kinds of PICs, which
together weigh about 126 g2.
3.1. Energy

To put the PICs in an energy context, each constituent
needs to be weighted by its energy content, i.e., the ad-
ditional energy that could have been released if it had
been burned all the way to CO2. As shown in Figure 1,
the result is that the PICs contain about 11% of the energy
originally in the wood; i.e., the combustion efficiency is
about 89%. Thus, compared with a stove of near 100%
combustion efficiency, this stove requires about 13% more
fuel (1/0.89 = 1.13).

This inefficiency is part of the reason that traditional
stoves use more fuel than they seemingly should. The
other major technical reason, of course, is low heat-trans-

fer efficiency (the fraction of heat released from the fuel
that is taken into the cooking utensil).
3.2. Health
As well as representing an energy loss, the 126 g of PICs
represent the main health-damaging air pollutants from
wood combustion. One way they can be aggregated and
compared is by using the Relative Hazard Index (RHI),
as shown in Figure 2. This is simply the amount of air it
would take to sufficiently dilute each pollutant until it
reaches the relevant health-based concentration standard
[Smith, 1987]. With U.S. standards the total RHI of the
PICs is about 120,000 cubic meters3. CO2 is not much of
a health hazard, as shown by the relatively small RHI,
1800 m3. (Obviously, application of standards from dif-

Table 1. Emission factors, grams per kilogram dry fuel

Fuel n Carbon
content

Stove
efficiency

CO2 CO CH4 TNMOC RSP

 LPG 2 0.87 0.7 3190 25 0.01 03 0.10

 Kerosene 7 0.86 0.5 3050 39 0.90 14 3.00

 Charcoal 6 0.80 0.3 2570 210 7.80 04 1.70

 Wood 9 0.50 0.2 1620 99 9.00 12 2.00

n = Number of data points

TNMOC = total non-methane organic compounds

RSP = respirable suspended particulates: considered 75% carbon

Fig. 1. Movement of fuel carbon through a traditional wood-fired cookstove
as measured in the Philippines [Smith et al., 1992; Smith, Khalil, et al.,
1993]. Sixty grams of carbon was not combusted completely (i.e., was
released as PICs). Based on the available carbon energy in each PIC, if it
had all been combusted completely, another 2.2 MJ would have been re-
leased as heat. The stove, therefore, has a combustion efficiency of about
89%. All the numbers refer to grams of carbon alone; i.e., the full mass
of CO would be 28/12 (2.33) times larger.
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ferent countries would result in somewhat different rela-
tive weightings for the pollutants.)

Two of the PIC categories shown (TNMOC and RSP)
are composites containing a vast array of, mostly, organic
chemicals. Many of these individually are known to be
health-threatening (e.g., benzene in TNMOC and polyaro-
matic hydrocarbons in RSP). Thus, if the RHIs included
each separately, the total would be larger than that for the
general categories.
3.3. Global warming
Figure 3 evaluates the same PICs in terms of their green-
house-gas potential. To do this, it is necessary to apply
some index so that the impacts of the different gases can
be combined [Smith and Ahuja, 1990]. This is so because
the gases have different heat-trapping abilities, lifetimes,
and interactions with other gases in the atmosphere. Here,
I have used the global warming potentials (GWPs) devel-
oped by the Intergovernmental Panel on Climate Change
[IPCC, 1990; Hayes and Smith, 1993]4. These are given

as a ratio to CO2 (either per molecule or per carbon
atom), and thus can be interpreted as the degree to which
the total warming of each compares to that of CO2. Since
the gases have different atmospheric lifetimes, the relative
impact (GWP) depends on the chosen time horizon.
Shown here are the results for time horizons of 20 and
100 years. In general, shorter time horizons make the non-
CO2 gases look more important relative to CO2, since
CO2 is substantially longer lived.

The result is that depending on the time horizon chosen,
the non-CO2 greenhouse gases (i.e., the PICs) have a total
global warming potential 20--110% as great as the CO2

itself has. This implies that looking only at the CO2 emis-
sions of cookstoves may not give a good picture of their
global warming implications. It also implies that improve-
ments in combustion efficiency could result in much
larger reductions in total GWP than would be indicated
simply by changes in CO2 emissions.

4. Global impacts

Using these preliminary data, it is instructive to note to
what extent biomass stoves might appear to loom in the
global picture for each perspective.
4.1. Energy
Although humans in some way utilize perhaps 40% of net
global biomass production [Vitousek et al., 1986], as
shown in Table 2, the proportion used directly for fuel
only accounts for about one-seventh of direct human en-
ergy use. Even so, biofuel in the form of wood, crop resi-
dues, brush, and animal dung is today still the chief form
of energy for the majority of humanity, just as it has been
since the discovery of fire [Hall and Rosillo-Calle, 1991].
In developing countries, biofuels constitute about one-
third of total energy use, and in rural areas of developing
countries, some three-quarters. In the poorest developing
countries, however, biomass fuels make up 80-90% of all
energy use [Smith, 1987]. Based on the pilot study, there-
fore, the loss of energy represented by the PIC from
biomass-fired cookstoves is roughly 1% of total human
energy use and could approach 10% for some countries.
4.2. Health
In the case of health, human particulate exposures from
biomass use could be responsible for something more than

Fig. 2. Starting with the same fuel carbon flows as Figure 1, PICs are
weighted not on the basis of energy, but on the basis of how many cubic
meters of air would be necessary to dilute the emission to meet U.S. air
pollution standards (Relative Hazard Index). Where there is only an occu-
pational standard, an appropriate safety factor (10) has been used to es-
tablish a public standard. The dilution factors shown in the figure are on
a per-carbon-atom basis [Smith and Thorneloe, 1992].

Fig. 3. The same carbon balance for the woodstove as in Figures 1 and
2. In this case, the PICs are weighted by the Global Warming Potentials
(GWPs) appropriate for 20-year and 100-year time horizons [IPCC, 1990,
1992]. Since GWPs are cited in terms of non-methane hydrocarbons
(NMHC), this term is shown here and in Figure 4 instead of TNMOC. NMHC
generally seems to be within 10% of TNMOC for these stoves. Note that
the PIC GWP is about equal to that of the CO2 for a 20-year time horizon,
but less for a 100-year horizon [Smith et al., 1992; Smith, Khalil, et al.,
1993].
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one-half of total global exposure [Smith, 1993]. Most ot
this occurs indoors in rural areas of developing countries,
although there are significant exposures in cities and out-
doors as well. Biomass stoves are undoubtedly responsible
for a large fraction of global exposures to a range of other
pollutants as well, e.g., CO, polyaromatic hydrocarbons,
formaldehyde, and benzene.

It is important to note that the emissions from biomass
fuels need not be high compared, for example, with those
from coal-fired industrial and power facilities in order for

the human exposures to be substantially greater. This is
because a much larger proportion of pollution released in
households reaches people, compared with that from cen-
tralized facilities [Smith, 1993]. The impact per unit emis-
sions tends to be greater for distributed releases, and few
things are more distributed than cooking, which occurs in
every household, every day.
4.3. Global warming
Based on the few measurements taken in Manila, biomass
stoves could account for fairly significant proportions of
global emissions of the three greenhouse-gas categories
CO, CH4, and TNMOC (Table 2). For CO and CH4, the
percentages in Table 2 translate into contributions to over-
all global warming from biomass-fired cookstoves of 0.4--
0.9% and 0.1--0.5%, respectively. These are in the same
range estimated for all biomass stoves by Ahuja [1990],
who also estimates that the overall contribution of
biomass stoves to global warming is about 2%. In addition
to the portion due to PICs, he estimates that stoves ac-
count for about one-eighth of net deforestation and, thus,
about 1.5% of net human CO2 additions to the atmosphere
(1.1% of total warming).

5. Control measures

There are basically two approaches to reducing PIC emis-
sions from biomass-fired cookstoves: use less fuel for the
same task and/or reduce the fraction of carbon diverted
into PICs. These can be accomplished by either changes
in fuel and/or changes in the stove.
5.1. Fuel
One objective of household energy policy can be to en-
courage people to move up the energy ladder sooner to
cleaner and more efficient fuels than they otherwise
might. This can be done through fuel and stove pricing
or other ways to make new stove/fuel combinations rela-
tively more attractive. In most parts of the developing
world, the first step beyond unprocessed biomass is char-
coal or kerosene, followed by LPG. In some areas (e.g.,
Thailand), little kerosene is provided and the first step
after charcoal is LPG. In China, it is often coal, followed
by LPG. Movement up the ladder generally results in
fewer health-damaging PIC emissions per meal [Smith,
1990].

With a switch from biomass to fossil fuels, however, a
global warming penalty might first seem inevitable be-
cause fossil rather than contemporary carbon would be
emitted. Because biomass combustion leads to a high
amount of PICs with a significant GWP (Figure 3), the
picture is substantially more complicated.

Based on the pilot study results, consider the kerosene
stove carbon balance shown in Figure 4. The total GWP
from cooking the same meal as with the woodstove in
Figure 3 is less because of three factors: (1) there is more
energy per carbon atom in kerosene than in wood; (2) the
kerosene stove is much more energy-efficient; and (3) a
smaller fraction of the fuel carbon in kerosene is diverted
to PICs. From energy and health standpoints, therefore,
kerosene looks much better.

The difference in GWP between Figures 3 and 4 is also

Table 2. Global importance of PICs from biomass-fired cookstoves

Energy
Biomass composes about 14% of all direct human energy use.
It is about 33% of energy use in developing countries.
It is about 75% of energy use in rural areas of developing countries.
It is the most important fuel for the majority of humanity.

Sources: Smith [1987]; Meyers and Leach [1989]; Hall and Rosillo-Calle [1991]

Health
Cause of up to 50% of total human exposure to RSP 
Affects second-largest occupational group (cooks), after farm workers
Known risk factor for most important killer of developing-country
children (pneumonia)

Source: Smith [1993]

Global warming
Human biofuel consumption:  20--40% of all biomass combustion
1--5% of all CH4 emissions
6--14% of all CO emissions
8--24% of all TNMOC emissions
1--3% of all human-generated global warming

Sources: Smith, Khalil et al. [1993]; Ahuja [1990]

Fig. 4. Carbon flows and global-warming potentials for a simple wick-style
kerosene cookstove cooking the same meal as cooked by the woodstove
in Figures 1-3. Note that even at a 20-year horizon, the GWP of the PICs
is less than one-quarter that of the CO2. Note also how much less overall
carbon is involved because the kerosene stove is more efficient and the
fuel has more energy per carbon atom than does wood [Hayes and Smith,
1993].
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large. This may not seem surprising, however, since Fig-
ure 3 represents the situation with no recycling of CO2
(i.e., the wood is harvested in a completely non-renewable
fashion). To determine the net greenhouse emissions in a
completely renewable case, subtract 500 grams CO2-
equivalent from the total emissions in Figure 3. This
leaves 410 g for a 20-year horizon, and 110 g for a 100-
year horizon. Thus, surprisingly, even if the wood is har-
vested renewably (i.e., the carbon is completely recycled),
the woodstove still produces substantially more 20-year
GWP per meal than the stove burning fossil fuel. Real
situations often lie between the extremes of complete re-
newability and non-renewability5.
5.2. Stove
Improved biomass cookstoves that save fuel without
changing the PIC :CO2 ratio reduce all three types of im-
pacts in rough proportion to the fuel savings. Introduction
of a flue can greatly reduce health impacts through low-
ering human exposure, but does not, by itself, change the
energy and greenhouse impacts.

To understand how changes in stove design and opera-
tion actually affect PIC emissions, however, it is impor-
tant to recognize that overall stove efficiency (Et) is a
function of two internal efficiencies: combustion effi-
ciency (Ec) (i.e., the amount of chemical energy in the
fuel that is converted to heat) and heat-transfer efficiency
(Eh) (i.e., the amount of the converted heat that enters the
pot in a cooking stove or the room in a heating stove):
         1) Et = (Eu) × (Eh)

In general, per-meal emissions of PICs and CO2 are an
inverse function of, overall efficiency in that, all else being
equal, the less fuel used for a given cooking task, the less
PICs will be released. Thus, it would seem that improve-
ments in fuel efficiency would lead to lower emissions.

Changes in stove operation and design, however, often
affect the two internal efficiencies in quite different ways.
In particular, thermal transfer efficiency can be increased
at the expense of combustion efficiency. Design and op-
eration changes that improve overall fuel utilization,
therefore, sometimes actually increase one internal effi-
ciency at the expense of the other.

Although there are few data available for biomass cook-
stoves, Figure 5 illustrates this effect in a study of par-
ticulate and CO emissions of one traditional and two
improved wood-fired metal cookstoves [Joshi et al.,
1989]. Overall efficiency rose from 15% to 31% and 37%
in the two improved stoves, greatly decreasing potential
fuel demand for cooking. In the process, however, PIC
emissions per meal actually increased by 8% because
combustion efficiency dropped from 97% to 92%.

It might be thought that there is little net greenhouse-
gas impact from changes in combustion efficiency. In
other words, the fuel carbon that is not oxidized all the
way to CO2 will be released as PICs. The smaller the
fraction of carbon released as CO2, the more is released
as PICs and vice versa.

In rough terms, this trade-off is true for carbon mass
and number of carbon atoms. It may not be true for the
net greenhouse impact, however, because these different

molecules have different greenhouse impacts. Thus it is
necessary to keep track not only of the total carbon emis-
sions but also of their form.

The PIC:CO2 ratio can vary dramatically even at con-
stant overall efficiency, depending on the relative contri-
bution of heat transfer and combustion efficiencies.
Carbon dioxide emissions are in general less dependent
than PICs on combustion efficiency. For example, a shift
from 90% to 80% combustion efficiency results in a near
doubling of PICs but only about 10% less CO2. (More
dramatically, a change in combustion efficiency from 99%
to 98% would result in less than a 1% loss of total effi-
ciency but a near doubling of PICs.)

Since PIC emissions are a stronger function of com-
bustion efficiency than they are of total efficiency, emis-
sions can sometimes increase along with total efficiency.
A popular means by which fuel utilization of traditional
cookstoves has been raised, regrettably, is simply to re-
duce airflow by enclosing the fire, thereby greatly increas-
ing the heat-transfer efficiency to the pot, but also
lowering the combustion efficiency. The result, therefore,
can be a net increase in fuel utilization and a consequent
reduction in CO2 emissions, but a rise in the PIC:CO2
ratio or even an increase in absolute PIC emissions per
cooking task.

The greenhouse-gas implications of stove emissions de-
pend strongly not only on the PIC:CO2 ratio, of course,
but also on the particular mixture of PIC molecules. Each
mixture will have a different greenhouse equivalence
weighting, depending on the relative amounts of the dif-

Fig. 5. The differences among overall and internal efficiencies in three metal
wood-fired cookstoves without flues. Note that although both improved
stoves achieve substantially more overall energy efficiency than the tradi-
tional stove, combustion efficiencies are less. Thus, IC-2 produces four
times more PICs per unit energy delivered than the traditional stove (100--
92)/(100--98). Although its energy use per meal is 2.5 times less (15/40),
the overall result is that about 60% more PICs are produced per meal.
The original investigators measured only CO and particulates [Joshi et al.,
1989], thus the remaining PICs have been assumed to appear in the same
ratios as measured in the Manila pilot study.
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ferent constituents.
The radiatively active PIC molecules (such as methane)

and the molecules that play a part in their atmospheric
chemistry (such as carbon monoxide) have GWPs above
1.0, i.e., greater than that of CO2. Indeed, it would seem
that all organic molecules must have a GWP per carbon
atom of at least 1.0 because once released they would
relatively quickly be oxidized to CO2, the rating of which
by definition is 1.0. Only elemental carbon particles might
have a GWP less than 1.0, if they are assumed not to be
oxidized within a relevant time period. The average GWP
of the PICs from woodstoves in Manila varied from 1.7
to 7.8, depending on time horizon.

Thus, efficiency improvements to the Manila wood-
stove that allowed combustion efficiency to drop in ex-
change for increased heat-transfer efficiency could
actually lead to significant increases in PIC with their
health and greenhouse impacts.

Decisions with regard to fuel and stove changes will,
of course, depend on relative economics and other non-
environmental issues. Nevertheless, the carbon flow
framework made possible by the monitoring data would
be a valuable grounding for these further analyses.

6. Conclusion

Improvements in household biomass-burning stoves po-
tentially bring three kinds of benefits: 1) reduced fuel de-
mand, with economic and time-saving benefits to the
household and increased sustainability of the local natural
resource base; 2) reduced human exposure to health-dam-
aging air pollutants; and 3) reduced emissions of the
greenhouse gases that are thought to increase the prob-
ability of global climate change.

These goals are not entirely compatible, unfortunately.

Some stove design and operation changes may move
toward one goal at the expense of moving away from an-
other. This has been a problem in some improved stove
designs (e.g., Figure 5). In general, however, increased
fuel utilization leads simultaneously toward all three
goals, a potentially powerful argument in favor of im-
proved stove programs that work [Barnes et al., 1994].
6.1. The case
Figure 6 illustrates the kind of first-order argument that
can be made. The vertical axis is the cost of reducing
carbon emissions to the atmosphere, the principal measure
of performance for greenhouse-reduction programs being
examined worldwide. At 60--80% of fuel use in the tradi-
tional stove, costs are from US$4--15 per tonne of averted
carbon, well within the range of many other international
and national projects being considered for carbon emis-
sions reduction.

Similar calculations could be done with the fuel and
time savings accruing to households because of increased
fuel utilization. Combining health, fuel, and greenhouse-
gas benefits would likely result in quite good returns on
stove investments.

As shown in this paper, more detailed analysis that in-
cludes examination of the non-CO2 greenhouse gases
(PICs) may change the simple curves in Figure 6 as well
as the potential health benefits. Without more field data,
however, it is uncertain in which direction6.

6.2. Summary
Several tentative conclusions can be derived from the evi-
dence presented in this paper:
1. Just because a biomass fuel cycle has a net zero carbon

balance (i.e., is renewably harvested) does not guaran-
tee net zero greenhouse impact.

2. To assure a near-zero greenhouse impact for biomass
fuel cycles, it is necessary to add an additional criterion
to renewability: high combustion efficiency (i.e., low
PIC).

3. Where biomass is burned with poor combustion effi-
ciency, movement up the energy ladder to fossil fuels
can potentially result in lowered greenhouse emissions,
even if the biomass is being harvested renewably.

4. Improving combustion efficiency is a worthwhile goal
of biomass fuel policy with or without increases in
overall fuel efficiency.

Before acting on these conclusions, more measurements
are needed on a broad range of combustion devices using
typical biomass and fossil fuels.
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Notes

1. The energy involved at each step is quite different; for chopping, it is about 20 Kj/kg;

for burning, 20 MJ/kg; and for warming, 20 GJ/kg.

2. Particulates were not measured in the pilot study, and so measurements from other
studies were used in the figures (Smith, 1987, 1990; Joshi et al., 1989).

3. To put this in perspective, if a typical woodstove burning one kilogram per hour was
in a kitchen having a 1 square meter window, a continuous wind of about 120 km/h
through the window would be needed to dilute the smoke down to health-based stand-
ards.

4. These GWPs are not known with certainty, and changes can be expected as knowledge
improves. Indeed, in its supplement, the IPCC (1992) suggested that the CH4 GWP
should be raised and the indirect effects (chemical interactions affecting other green-
house gases) of the non-CO2 gases were not well enough known to be used in policy
discussions. For a 100-year horizon, the recommended total CH4 GWP increases by
a factor of 1.4, while those for CO and non-methane hydrocarbons (90+% of TNMOC)
decrease by factors of 1.9 and 4.1, respectively. The report states, however, that ‘‘(t)he
carbon cycle model used in these calculations probably underestimates both the direct
and indirect GWP values for all non-CO2 gases’’ (p. 21). Given this caveat and that
the purpose here is principally illustrative, I have not modified the GWPs from those
recommended originally by IPCC.

5. These comparisons are incomplete, however, because they exclude PIC contributions
from elsewhere in the fuel cycles for these fuels. The releases at oilfields and refineries
for kerosene are likely to be less than 10% of those at the stove. For locally harvested
wood, they should be even lower, although there may be some wastage during har-
vesting, transport, and storage. For manufacture of another biomass-based fuel, at
charcoal kilns, however, the contribution is likely to be quite large [Smith and Thorneloe,
1992].

6. Based on these enticing but preliminary findings, the East-West Center is embarking
on a more extensive study of cooking and heating stoves. This is being undertaken
jointly with colleagues in India and China, which together contain approximately two-
thirds of all the biomass cookstoves in the world.
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