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ABSTRACT

countries.15-21 Since hunger and poverty are major contributors to
22,23

Higher global demand for biofuels, driven mainly by policies in
industrialized countries with the stated purpose of enhancing
energy independence and retarding climate change, has
contributed to rising global food prices. As a consequence, more
people in developing countries suffer from both chronic hunger
and absolute poverty. Hunger and poverty are major
contributors to death and disease in poorer countries. Results
derived from World Bank and World Health Organization (WHO)
studies suggest that for every million people living in absolute
poverty in developing countries, there are annually at least 5,270
deaths and 183,000 Disability-Adjusted Life Years (DALYs) lost to
disease. Combining these estimates with estimates of the
increase in poverty owing to growth in biofuels production over
2004 levels leads to the conclusion that additional biofuel
production may have resulted in at least 192,000 excess deaths
and 6.7 million additional lost DALYs in 2010. These exceed
WHO’s estimated annual toll of 141,000 deaths and 5.4 million
lost DALYs attributable to global warming. Thus, policies
intended to mitigate global warming may actually have
increased death and disease in developing countries.
Biofuels: Rationale and Questions
In the past few years, in response to concerns about global
warming and increased dependency on foreign sources of
petroleum, several developed countries, most notably the
United States and the European Union, have instituted subsidies
and mandates to stimulate production and use of biofuels in
1-4
order to help displace hydrocarbon fuel consumption. This has
engendered substantial debate about the merits of these
policies, much of it focused on (a) whether production and
consumption of biofuels (e.g., ethanol from corn or biodiesel
from soybean oil) would indeed reduce net energy consumption
5-9
from non-renewable sources and net greenhouse gas
2,10-12
emissions,
and (b) their environmental consequences for
3,10,13,14
land, water, and wildlife resources.
Questions have also been raised regarding the unintended
consequence of biofuel production on human well-being. In
particular, it has been argued, and several analyses confirm, that
higher food prices, induced in part by greater demand for
biofuels, could increase hunger and poverty in developing

death and disease around the world,
it is, therefore,
conceivable that the higher demand for biofuels could add to the
global burden of death and disease.
If that were the case, it would, ironically, militate against one of
the reasons offered to encourage biofuel production, namely, to
reduce the health effects of global warming, particularly in developing countries.24 It would also reduce the perceived net benefits
of policies designed to encourage biofuel production, whether
they are instituted to reduce global warming or enhance energy
security. To date, however, no estimates are available of the
potential magnitude, if any, of the global health impacts of
biofuel production, precluding a more comprehensive analysis of
policies designed to stimulate biofuel production.
Methods
This exploratory analysis develops order-of-magnitude estimates of increases in death and disease in developing countries
in 2010 due to greater global demand for biofuels and the
resulting increase in poverty.
Absolute poverty is defined as living on less than $1.25 per day, in
2005 international dollars. Poverty-related global health risk
factors are identified using information provided in the World
Health Organization (WHO) 2009 report, Global Health Risks.23 The
cumulative burden of death and disease from these povertyrelated health risk factors in the developing world is assumed to be
proportional to the poverty headcount. This assumption is used to
estimate the coefficients of proportionality between the poverty
headcount in developing countries on the one hand, and their
burdens of death and disease for poverty-related health conditions
on the other hand. These coefficients are then used to estimate
increases in the burdens of death and disease attributable to
biofuel policy-induced increases in absolute poverty.
The measure of disease burden is “disability-adjusted life years”
lost to disease (DALYs). This is the cumulative sum over the
population of (a) the number of years lost due to premature
death from disease, and (b) the number of years spent in a
disabled condition due to disease, weighted by the severity of
the disease (WHO 2009).23
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Connecting Biofuel Production to Death and Disease in
Developing Countries
Based on current technologies, higher biofuel production
necessarily means greater diversion of crops and/or cropland to
the production of fuel rather than food. The iron law of supply
and demand dictates that this would almost unavoidably
increase global food prices over what they would otherwise be.
Indeed, this is confirmed by studies of the impact of biofuel
production on global food prices, although the magnitude of the
effect varies from study to study.25-27
To the extent that a household is a net food consumer and
depending on how close it might be to the poverty line (however
defined), higher food prices could deepen that household’s
poverty level or add to the poverty headcount. On the other
hand, if the household is a net food producer, higher food prices
could move it out of, or further away from, the poverty line.20,21,28-31
However, several studies done in the wake of the run-up in global
food prices from the early 2000s to 2008, which employed
surveys of household incomes and economic activities, have
found that higher food prices, regardless of cause, would, on net,
increase absolute poverty levels in virtually all developing
countries or groups of countries that they had analyzed.20,21,29-32
Therefore, biofuel production, which would inevitably increase
global food prices, should increase net poverty, although the
magnitude of increase is uncertain.
Poverty is itself a factor that could exacerbate risk factors for
death and disease. Greater poverty is associated with greater
hunger and malnutrition; lower access to safe water, adequate
sanitation, vaccinations, antibiotics, and other public health
interventions; greater reliance on wood, dung, and coal for
heating and cooking, which exacerbates indoor air pollution; as
well as other factors that affect health (e.g., health spending and
educational levels).33-40 It follows that increased demand for
biofuels, whether generated by the free market or by subsidies
and mandates, should increase poverty, which then should
increase the risk of premature death and disease.
Estimate of the Increase in the Poverty Headcount Due to
Biofuel Production
Many studies of the impacts of higher food prices on poverty
have only analyzed the situation immediately following price
increases, that is, they looked only at short term (or “first order”)
effects 29-31,41 but did not allow for longer term (“second order”)
effects that would allow adjustments on the part of consumers,
producers, economies and governments in order to alleviate
hunger and poverty. Consideration of second-order effects
should, therefore, reduce the increase in the poverty headcount.
Moreover, many studies looked at effects of food price increases
10

in general, but not increases due to biofuels production in
29-31,40
particular.
Also, some looked at effects on individual
29-31
41
countries or a small set of countries, or on urban populations.
Only two studies—De Hoyos and Medvedev20 and Cororaton et
32
al. —provide estimates of (a) potential increases in poverty
induced by greater biofuel production in both rural and urban
populations for a large segment of the developing world’s
population, and (b) also account for second-order effects. In
addition, both analyses covered 90% of the developing world’s
population. Both indicate that higher biofuel production
increases global poverty, even in the longer term. Although
these increases may be small in relative terms, they can be large
in absolute numbers.
Both studies used the same suite of World Bank models to
estimate the effects of additional biofuel production on the
poverty headcount. Both estimated the increases in poverty
headcounts as the difference in poverty levels between pairs of
scenarios, with one scenario assuming a higher level of biofuel
production and the other being a baseline scenario with a lower
biofuel production level.
The baseline scenario of Cororaton et al. assumed that there
would be growth in global biofuel production from 2004 through
2020.32, pp 16-17 Therefore their calculation underestimates the contribution of total biofuel production to the poverty headcount.
On the other hand, De Hoyos and Medvedev’s baseline scenario
assumed that biofuel production would stay at the actual 2004
level. They calculated the increase in poverty over the baseline
scenario for a scenario in which biofuel production increased
after 2004 along its historical path through 2007, and then
increased further through 2010 in response to current biofuel
mandates and production trends.20, p 15 Thus, this latter study
should give a more accurate estimate of the increase in poverty
due to biofuel subsidies and mandates, although it too would be
an underestimate, since it assumes 2004 production levels as part
of the baseline. That study estimates that in 2010, there would be
32 million additional people in absolute poverty in developing
countries due to an increase in biofuel production over 2004
levels. Without the additional biofuel production, the poverty
headcount would be 798 million.
It should also be noted that De Hoyos and Medvedev estimated
that the poverty headcount in 2005 was 1,208 million. The
dramatic drop in headcount from 2005 to 2010 is due to
increasing economic development. Thus, biofuel production
would retard the developing world’s progress against poverty.
Poverty-Related Health Risk Factors
The World Health Organization’s 2009 report, Global Health Risks
(GHR), provides estimates of the global burdens of death and
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Figure 1. Ranking of 24 Health Risk Factors Based on the Burden of Death (righthand panel) and Disease (left-hand panel) in Developing Countries for 2004
(WHO 23)

Table 1: Poverty-related Health Risks. These are identified based on the ratio of
disease burden rates for lower income and lower middle income groups.The grey
shaded rows indicate risk factors for which the ratio for disease burden rates is at
least 5.23

disease for 24 major health risk factors (WHO 2009).23
Cumulatively, this report attributes 73% and 52% of global
mortality and lost DALYs in 2004, respectively, to these risk
factors. According to these estimates, 92% of the burden of
disease (as measured by lost Disability Adjusted Life Years,
DALYs) due to these risk factors, and 85% of the mortality, occurs
in developing countries. However, considering that developing
countries also accounted for 85% of the world’s population in
2004 but have a much younger population profile, they should
therefore be less prone to death and disease. Thus, developing
countries are afflicted by a disproportionately large share of
global disease, if not of death.

For each of these 24 risk factors, Table 1 shows the ratio of deaths
per capita for low-income countries compared to that of lowermiddle-income countries, as well as the corresponding ratio for
the disease burden per capita. The risk factors are arranged in
descending order of these ratios for the disease burden per
capita (last column). These ratios range from 0.6 to 11.9, with
global warming having the highest ratio.

Notably, GHR estimates indicate that of the 24 health risk factors,
global warming would rank below the top 20 in terms of the
burdens of death and disease in 2004.This is true both globally as
well as for developing countries. This reaffirms Goklany’s earlier
finding, based on WHO’s analysis for 2000, that global warming
currently presents a relatively trivial risk compared to the other
risk factors for public health.42
Figure 1 provides the GHR’s estimates for developing countries of
mortality (right-hand panel) and burden of disease (left-hand
panel, as measured by lost DALYs) in 2004 for 24 global health risk
factors. The risk factors are arranged in descending order of their
contribution to mortality or lost DALYs for developing countries.

I will deem arbitrarily that those risk factors that have disease
burden ratios that exceed 5 are poverty-related. Six risk factors
meet this criterion. They are global warming; underweight
(largely synonymous with chronic hunger); zinc deficiency;
Vitamin A deficiency; unsafe sex; and unsafe water, sanitation
and hygiene. As Figure 1 indicates, three of these listed—
underweight; unsafe sex; and unsafe water, sanitation and
hygiene—are also the top three health risk factors for developing
countries based on their contribution to the burden of disease.
Cumulatively, GHR attributed 7.7 million deaths and 268 million
lost DALYs worldwide to these six poverty-related risk factors for
2004. Of these, more than 99.3% of the deaths and lost DALYs
were in developing countries. These six risk factors account for
37% of lost DALYs and 21% of deaths in developing countries
from the 24 risk factors.
Arguably, the next four risk factors listed in Table 1—unmet
contraceptive needs, indoor smoke from solid fuels, sub-optimal
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breast feeding and iron deficiency—should also be considered
to be poverty-related.43 Including these in the list of povertyrelated risks would increase their cumulative toll to 11.3 million
deaths and 384 million lost DALYs. For the purpose of this
analysis, in order to develop a conservative (lower bound)
estimate for the effect of biofuel production on death and
disease, I will, however, stay with the more restrictive definition
of “poverty related.”
Coefficients of Proportionality between Poverty, and Death
and Disease from Poverty-Related Health Risks
For 2004, the population in absolute poverty in developing
countries (the “headcount”) is estimated at 969 million people.44
However, that estimate is based on old data on prices paid by
households, and a different threshold for absolute poverty than
currently used by the World Bank and the De Hoyos and
Medvedev study.20,21,45 The new poverty estimates using the new
data and poverty threshold give headcounts that are 1.48–1.50
times higher than those using the older data and methods (for
2002 and 2005).44 Thus, the adjusted 2004 headcount for
developing countries (using a factor of 1.5) should be 1,454
million. The assumption that mortality and lost DALYs from
poverty are proportional to the headcount implies that there are
5,270 deaths and 183,000 lost DALYs per million people living in
absolute poverty in developing countries.
Increase in Death and Disease in 2010 for Developing
Countries due to Biofuels
Recall that De Hoyos and Medvedev estimated an increase in the
poverty headcount of 32 million in 2010 due to the increase in
biofuel production over the 2004 level. They also estimated that
the poverty headcount in developing countries for 2005 was
1,208 million. By contrast, the World Bank estimated that the
2005 poverty headcount was 14% higher, that is, 1,374 million.21
The difference between the two estimates is mainly that the
World Bank’s analysis covered more countries. To reconcile these
two estimates, De Hoyos and Medvedev’s estimate for increase in
headcount due to higher biofuel production should be adjusted
upward by 14% to 36.4 million. Thus, assuming proportionality in
developing countries between the headcount for absolute
poverty on one hand and poverty-related death and disease on
the other, and keeping all else the same, the increase in the
poverty headcount in 2010 due to biofuel demand translates into
192,000 additional deaths and 6.7 million additional lost DALYs.
It may be argued that these are overestimates since biofuel use
should reduce greenhouse gas emissions, thereby, hypothetically, reducing the contribution of man-made global
warming to death and disease. However, the above estimates
exceed the WHO’s estimate of the contributions of global
12

warming to death and disease in 2004—141, 000 deaths and 5.4
million lost DALYs (see Figure 1). Although there are reasons to be
42
skeptical of these global warming estimates, even if one were to
assume that they are valid, it is unlikely that global warming
policies that encourage biofuel consumption and production
would save more than a small fraction of this toll, primarily
46
because of the inertia of the climate system. Because of this
climatic inertia, decades would have to elapse before emission
reductions are manifested as any temperature reductions.
Moreover, greenhouse gas reductions effected by biofuels seem
marginal at best.8,10-12 Nevertheless, if one assumes, unrealistically, that biofuel policies eliminate all man-made
greenhouse gas emissions and would roll back global warming
to 1990 levels, biofuel policies would still result in a net increase
of 51,000 deaths and 1.3 million lost DALYs in 2010.
Conclusions
Policies to increase production and use of biofuels retard the
developing world’s progress against reducing poverty levels and
would exacerbate their burden of death and disease from the
various diseases of poverty.
This analysis concludes that the production of biofuels may have
led to at least 192,000 additional deaths and 6.7 million
additional lost DALYs in 2010. These estimates are conservative.
First, they exclude consideration of a number of health risks that
are, in fact, directly related to poverty (e.g., indoor smoke from
burning coal, wood, and dung indoors; and iron deficiency).43
Second, the analysis only considered the poverty effects of
biofuel production over and above the 2004 level; therefore, it
does not provide a full estimate of the effect of all biofuel
production. Despite the underestimations, these estimates
exceed the WHO’s estimates of the toll of death and disease for
global warming.Thus, policies to stimulate biofuel production, in
part to reduce the alleged impacts of global warming on public
health, particularly in developing countries, may actually have
increased death and disease globally.
There can be no honest analysis of the costs and benefits of
biofuel policies if they do not consider their effects on death and
disease in developing countries.
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