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Biofuels: Too Soon to 

Give Up

BIOFUELS ARE ESSENTIAL TO REDUCING OUR
reliance on foreign oil and reducing green-
house gas emissions. The recent Report by J.
Fargione et al. (“Land clearing and the biofuel
carbon debt,” 29 February, p. 1235) claims that
we need to be careful to avoid unintended con-
sequences of biofuels. The accompanying
Report by T. Searchinger et al. (“Use of U.S.
croplands for biofuels increases greenhouse
gases through emissions from land-use change,”
29 February, p. 1238) adds that increased use of
biofuels will actually increase carbon dioxide
emissions because of deforestation and a sud-
den and major shift in land use. 

Although there has been substantial rebut-
tal to the assumptions in the two Reports (1, 2),
these studies do highlight the need for a com-
prehensive analysis of the effects of biofuel
production. Fortunately, new efforts are under
way to address this issue. The Intergovern-
mental Panel on Climate Change will produce
a comprehensive Special Report on the GHG
Mitigation Potential of Renewable Energy.
Also, the U.S. Department of Energy’s Office
of Energy Efficiency and Renewable Energy
and its national labs are committed to sustain-
ability and have been addressing these issues,
including a comprehensive life-cycle analysis
of large-volume production of biofuel by the
National Renewable Energy Laboratory, which
will be vetted by leading scientists in the
United States and around the world.

There is significant potential for second-
generation biofuels to reduce carbon emissions
when compared to first-generation biofuels

LETTERS  I BOOKS  I POLICY FORUM  I EDUCATION FORUM  I PERSPECTIVES

1423

Proceeding with

uncertainty

Enzyme catalysis

1426 1428

Counting costs 

and benefits

LETTERS
edited by Jennifer Sills

Biofuels: Waste Not Want Not

THE REPORTS “LAND CLEARING AND THE BIOFUEL CARBON DEBT” (J. FARGIONE ET AL., 29
February, p. 1235) and “Use of U.S. croplands for biofuels increases greenhouse gases through
emissions from land-use change” (T. Searchinger et al., 29 February, p. 1238) underscore the
sobering reality that producing biofuels from edible crops will drive agricultural expansion,
which could negate greenhouse gas (GHG) savings brought about by substituting biofuels for
gasoline or result in net GHG emissions. 

Other recent studies also highlight potential environmental impacts of producing food
crop–based biofuels (1–4). Nevertheless, many scientists remain optimistic that with techno-

logical advancements (such as lignocellulose-to-
ethanol conversion), there are real opportunities in
generating biofuel energy from waste biomass (3). 

Singapore is a small (~700 km2) tropical island in
Southeast Asia with few natural resources. It relies
heavily on imports of fossil fuels to meet its energy
demands. This island nation ranks 20th in the world in
terms of per capita carbon dioxide emissions (5), and
it serves as an ideal case study to demonstrate the
potential of using cellulosic wastes to supply a city’s
energy demands and reduce its GHG emissions.
Singapore’s urban areas are home to about 1 million
planted trees, which produce 50,000 to 156,000 tons
of horticultural waste biomass (tree trunks, twigs, and
leaves) each year (6). A recent study estimates that
each ton of woody biomass feedstock can produce
288 to 371 liters of cellulosic ethanol (7). This trans-
lates to between 14 and 58 million liters of ethanol
fuel that can potentially be produced annually from

Singapore’s horticultural wastes, which can displace 1.6 to 6.5% of the city’s transport gasoline
demand (888 million liters) (8). Furthermore, recent studies estimate that use of cellulosic
ethanol can reduce GHG emissions by 70 to 90% compared with conventional gasoline (9).

Our analysis suggests that biofuel produced from horticultural wastes can offset part of a
city’s energy needs. To realize the potential of biofuels as a petroleum alternative, we need to
both expedite the development of new biofuel technologies and diversify the portfolio of bio-
fuel feedstocks.

LIAN PIN KOH,1* HUGH T. W. TAN,2 NAVJOT S. SODHI2

1Institute of Terrestrial Ecosystems, ETH Zürich, Universitätstrasse 16, 8092 Zürich, Switzerland. 2Department of Biological
Sciences, National University of Singapore, 14 Science Drive 4, Singapore 117543. 

*To whom correspondence should be addressed. E-mail: lian.koh@env.ethz.ch

References
1. P. J. Crutzen, A. R. Mosier, K. A. Smith, W. Winiwarter, Atmos. Chem. Phys. Discuss. 7, 11191 (2007).
2. L. P. Koh, Conserv. Biol. 21, 1373 (2007).
3. C. B. Field, J. E. Campbell, D. B. Lobell, Trends Ecol. Evol. 23, 65 (2008).
4. J. P. W. Scharlemann, W. F. Laurance, Science 319, 43 (2008).
5. World Resources Institute, Climate Analysis Indicators Tool (CAIT) version 5.0 (http://cait.wri.org).

COMMENTARY

Urban trees. Horticultural waste biomass
from Singapore’s planted trees could help
offset the nation’s fossil fuel consumption.
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technologies. However, the challenge to our
nation in reducing our dependence on foreign
oil is too great to abandon first-generation tech-
nology for fear of unintended consequences;
instead, we must learn from comprehensive
life-cycle analyses how to avoid those conse-
quences as the biofuels market evolves.
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Biofuels: Think Outside 

the Cornfield 

THE REPORT BY T. SEARCHINGER ET AL.
(“Use of U.S. croplands for biofuels increases
greenhouse gases through emissions from

land-use change,” 29 February, p. 1238) adds
to the growing concerns regarding the inade-
quacies and risks associated with corn bio-
fuels [e.g., (1)]. The study correctly points out,
as does the Report by J. Fargione et al. (“Land
clearing and the biofuel carbon debt,” 29
February, p. 1235), that the conversion of
many types of natural landscapes to grow corn
for feedstock is likely to create substantial
carbon emissions that will exacerbate global
warming. Because of the potential problems
with corn-based biofuels, it is useful to con-
sider other alternatives.

One example is switchgrass, which grows
well on marginal lands that are not well suited
to corn or many other grains (2). Switchgrass
would have another advantage: It is a self-
seeding crop, which means farmers would not
have to plant and reseed after harvesting. 

Another alternative biofuel feedstock is
wood from sustainably managed forests, which
are common in much of the world today. These
forests, managed for growth and renewability,
are an increasing source of traditional industrial
wood (3). As with grasses, trees can grow readily
on land unsuitable for corn and grains. Further-
more, the wood is drawn from the incremental

growth of a forest, thereby leaving the basic for-
est system and its carbon intact. Wood feed-
stock could be drawn from existing sources or
from additional forests planted on marginal
agricultural land without compromising the
basic sustainable forest system, releasing sub-
stantial volumes of carbon, or utilizing high-
quality crop lands (4). Moreover, infrastructure
systems are currently in place, allowing wood
to be harvested and transported. 

Unlike corn and most grains, studies show
that biofuels from grasses and wood have
large net GHG gas savings. Indeed, grasses
and trees enhance the ability of land to capture
carbon through biomass and soils (5). 
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Biofuels: Putting Current

Practices in Perspective

WE HAVE THREE COMMENTS REGARDING THE
Report on the carbon debt of biofuels by
J. Fargione et al. (“Land clearing and the
biofuel carbon debt,” 29 February, p. 1235). 

First, the argument that converting land
from permanent vegetation to biomass has
detrimental environmental effects has to be
tempered by the fact that, globally, relatively
little land is used for biofuels. Biofuels cur-
rently cover about 10 million hectares (1) out
of a total cropping land area of 1.5 billion
hectares and a total pasture area of 4.5 billion
hectares. In addition, the total greenhouse gas
debt—composed of CO

2
, CH

4
, and N

2
O

emissions—caused by biofuel primary pro-
duction is small compared with the debt asso-
ciated with the 26% of the ice-free global ter-
restrial surface given over to animal grazing
and the 33% of arable land used to produce

animal feed. More than 60% of global wheat,
barley, and maize and more than 90% of soy-
bean production is used as animal feed (2).

Second, land clearance combined with
existing agricultural practice and fuel conver-
sion technologies is the worst possible scenario
for biomass. Growing crops for energy requires
new thinking about crops and agricultural sys-
tems. The food crop “ideotype” (3)—devel-
oped to have a short stem, small erect leaves,
and high C and N harvest indices—was the
model plant of the green food revolution of the
1960s. Biomass for energy, harvested for its
carbon and not for its nitrogen (protein) con-
tent, requires a different ideotype. A long grow-
ing season is necessary, as is large leaf size to
compete against weeds. Fungal disease resist-
ance should be multigenic, and mixed cultivar
plantings should be encouraged. Perenniality
rather than an annual habit would also confer
advantages in reducing crop establishment
energy costs and emissions of CH

3
and NO

2
.

Biomass crops intended for fermentation re-
quire high concentrations of low molecular
weight carbohydrates, in order to reduce energy
inputs. Low N fertilizer inputs and high N use
efficiency are desirable biomass properties for

low emissions of N
2
O (4), the major green-

house gas of cereal food crops. 
Third, biomass energy production re-

quires plantings, rotations, and management
that generate ecosystem services such as
carbon sequestration, pollination, and bio-
diversity conservation as well as primary
food production (5). 
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Response

PORTER ET AL. CONTEND THAT THE TOTAL LAND
area currently devoted to biofuel production is
insufficient for the CO

2
released by land use

change to be meaningful on a global scale.
The focus of our paper was not on the current
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magnitude of global greenhouse gas emis-
sions from land clearing for biofuels, but on
what would happen to CO

2
release if biofuel

production were to expand greatly by using
newly cleared lands. The amount of land ded-
icated to biofuel production is increasing rap-
idly (1, 2). Current biofuel land clearing emis-
sions may not yet be a major contributor to
global agricultural GHG emissions, but that is
poor justification for letting them become so.
Similarly, we agree that crop production for
animal feed already contributes substantially
to GHG emissions, but we do not see this as
grounds to develop biofuels that do the same.

Porter et al. then suggest that biofuel crops
should be improved to increase yield and
therefore the fossil fuel offset per hectare. We
agree that perennial crops will be essential for
the future of sustainable biofuels. Indeed, this
has been a central focus of the emerging bio-
fuel industry for decades (3–6) and was a
main point of our Report. However, opportu-
nities for biofuel and bioenergy production
extend beyond dedicated biofuel crops to
include waste biomass and algae. The agro-
nomic approaches suggested by Porter et al.
must still account for possible impact on land

clearing and should be compared against
alternative methods of production that do not
cause land clearing.

Finally, Porter et al. advocate considera-
tion of ecosystem services as a part of the
biomass cropping system. We concur. This
echoes similar calls we have made for opti-
mizing the value of ecosystem services that
can be provided by well-designed food and
biomass cropping systems (4, 7–9).
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CORRECTIONS AND CLARIFICATIONS

Editors’ Choice: “Leave it to Mimi” (16 May, p. 850). The
first author of the PLoS Biology study was Zauberman, not
Zuberman.

News Focus: “The roots of morality” by G. Miller (9 May,
p. 734). Jordan Grafman’s affiliation was reported incor-
rectly. He is at the National Institute of Neurological
Disorders and Stroke.

Letters to the Editor
Letters (~300 words) discuss material published 
in Science in the previous 3 months or issues of
general interest. They can be submitted through
the Web (www.submit2science.org) or by regular
mail (1200 New York Ave., NW, Washington, DC
20005, USA). Letters are not acknowledged upon
receipt, nor are authors generally consulted before
publication. Whether published in full or in part,
letters are subject to editing for clarity and space.
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