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Biofuels: What Place in Our Energy Future?
By Ethan Goffman

Introduction

In the past few years biofuels, or i giopal biofuel production tripled between 2000 and 2007
least corn ethanol, have gone fro . aions

saviour to Satan in the America 2o
media.Touted as a cheap and abu

15 |
dant source of fuel that would boo: B Biodiesel [l
therural economy, free us from for ;| Ethanol . "
eign oil dependency, and allevial all

global warming, ethanol is now *°| 1 | |

widely viewed as a boondoggle, ,wmRilCiEERENER R ERE R E

giveaway tO agribUSineSS that h 2000 2001 2002 2003 2004 2005 2006 2007
Sowurce: International Energy Agency; FO Licht

inflated  food prlces around thi http://www.ers.us  da.gov/AmberWaves/November07/Features/Biof

world while supplying precious little yels.htm

fuel. Which picture obiofuels is the

true one?

The answer to this question is that there is no answer, at least Aedessing biofuels is more
complicated than assessing other renewables, such as wind or solar Argeggycle analysis

is needed, encompassing evergeas of the fuels, including energy input, production, transpor
tation, and the final burning as fudVhile all forms of energy require such an analysis, with bio

fuels it is more complex due to the many factors involved in growing and processing organic
matter. Indirect costdhat depend on what could have been grown in place of the biofuel crops
and what other land is cleared to make up for lost agriculture make the assessment process even
more difficult.

But what exactly are biofuels®nswers.com defines hem as fuels fdAproduced
bi ol ogi cal resources such as plant DbEthanobass an
the most common biofuel, Acan be madeHoWw-r om an
ever asimple definition of bofuels does not tell us much; the devil is in the details, the diversity

of biofuel sources and Houwadetstane whatrbofueyaombkn  a n d
nation of biofuels might be most effective in solving energy problems and reducing environ
mental impact requires studying a bewildering variety of products.

For contemporary ethanol in the developed world, the biofuels most easily produced on a mass
scale, such as corn ethanol, have high life cycle cBsigar cane, widely used in Brazil, & f

more efficient than corn at producing energy, yet even it is controversial. Cellose ethanol is
touted as part of the fAsecond generationodo of
vegetation that can be grown on ksanprime agriculturaland. However, cellulose material

resists breakdown to be used for fuel.
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Finally biofuel from al gae, perhaps the fAgene
most common forms of plant life, and convert it into a potent source of enégetting the
right strains of algae to grow in the quanties needed is difficult.

Food Versus fuel? Life Cycle and Indirect Costs of Ethanol

Biofuels have been touted as using what nature

has given us to solve our energy problems in a

local, environmentayl friendly way. Phil New,

the president obiofuels at BP, exclaims, "lt's

only biofuelsthat can really respond powerfully

to both greenhouse gas (GHG) issues and con
cerns around energy securi

Yet critics complain that biofuels create a rum
ber of problems, requiring energy input to ro

Lincolnway Energy ethanol plant in Nevada, lowa duce and trading off agricultural and envion
http:/mww.flickr.com/photos/9313013@N04/1491 H ;
054934150t - 72157600279209748] men'gal assets for fueTl'be Unlteq Nations de _
cries how ARapid grewth i
duction wil/ make substanti al demanddUNoOB)t ha

that is already happenintndirect land usethe amount of land displaced from other uses by
ethanol production, is a key measure of the efficacy of ethanol, and one very difficult to calcu
late. It includes not just displaced food, Hatest and other natural land that may be cut down to
make way for new agricultural land demanded by ethanol produétignes one scientific pa

per, AGrowing crops for fuel squanders | and,
of foodforu man consumptiono (Pimentel et al).

Ethanol use is seen as critical to the recent surge in food prices that was felt around the globe,
particul arl y Faood rpte erupteccio 18rcountiieg, rom BaAngladesh to Haiti.

About 75,000 Mexicansmdice d i n t heir capital, accusing th
(Max). A Wor |l d Bank paper explains that #AFr-om Jan
mo s t tripled, wheat prices increased 127 pe
(Mitchell). While the paper blames higher energy prices and other factors for some of this, it
concludes that the main trigger fiwas the | arg
EUO and cites other studi es hnoftheimpactisrof Hiokuel c onc
production in crops displaced; that is, fields previously used to grow food crops are now being
used to grow corn and other biofuel crops. Local food shortages decrease exports. Government
mandates for ethanol in specific gadf the world thus lead to food shortages globally. Still, this
situation may be temporary as technology and
search aimed at improving productivity, conserving water, and building soil fertility can lessen

the tension between food, feed, and fuel production by increasing overall agricultural output in a
sustainable mannero (UN 34).
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In a world worried about impending water short

ages, water use is another critical aspect of biofuel

impact, one not discusd enoughCrops consume

huge amounts of wat e-r ; i nd
rently uses 70 percent of
cent of the developing wor
wat er 0 Riklng gldb&l demand for meat,

which takes far more water per unit ootbpro

duced than do grains, is adding to the pressure.
Although the UN foresees no global water crisis

for Airrigated agriculture

. i orices I 2030, 0 at the | ocal -l evel
rotest against risin or ulla prices , iMexico -

City, January 2007, P creasing problem (UN 45Yhe food versus fuel

http ://www.independent.co.uk/news/world/politi debatethus extends to the impact on our water re

cs/the -other -global -crisis -rush -to - biofuels -is- . :

driving -up-price -of -food - sources and muAst be factored into any analysis of _
808138.htmI?action=Popup&ino=5 bi ofuel 6s c¢ oAd wateraimadfactbore ne f i |

that encompasses both agricultural and environ
mental issues.

In the media it is GHG emissions that stand affdinefront of environmental worries. Assessing

the overall impact of biofuels on these emissions is extremely complicated, and more research is
neededLand use changes, fertilizer content, and beneficigbrogucts are only some of the
factors.For transprtation, biofuel production probably has a helpful effect on GHG emissions.

Most Astudies have found that, even when al/l
for, producing and using biofuels from current feedstock results in some reguctidcsHG
emi ssionso (UN 48), alt hough JiAsading odhe UNLband u

Aeven the planting and harvesting of Osustair
these replace primary forests, resulting in large releasearbdn from the soil and forest bio

ma s s 0 This & @lleady happening;a Fe br uar yScr@édhowed thataingtha n

nol could result in nearly twice the greenhouse gas emissions as the gasoline it would replace. As
grasslands and forests amneerted to agricultural lands, G@hat had been locked in the soll

for millennia is released into the atmosphere

These negative effects vary greatly between different biofuels; great care must be taken, then, in
what kind of ethanol is produceahd how it is produceddnd the costs are almost certain te de
crease; Aln the | ong term, the relative econo
productivity and agro ndustr i al efficiency i mproveo and ¢
(UN 12). Biofuels may only be at the infancy of their use; with better technology and more so
phisticated understanding of life cycle and indirect land use, they may still provide the benefits

once touted.
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One environmental benefit ethanol does have improving local air
quality.Such emi ssions fAas car bon

reduced by increasing the et
37).In the United States, currently ethanol is blended into gasoline
rate of up to 10%benefiting air qualityAn earlier additive, MBTE,
was banned in 2000 as a suspected cancer alyehtits clean burn
ing nature, ethanol is now mandated.

.nd hyc
tent o

However, transportation may not be the best use for biofdetorg ~ Ntte:/marketplace.publi

. . .. . ... cradio.org/display/web/2

ing to the Unietcasal of dextticityogangrationfiic oos/o2/27/cargill_ethan

mass combustion to displace coal can reduce GHG emissions ©

further than wusing bi omahsssbiorhassmightbeabes ysedrtare f u e |

place coal rather than oifhis is one of many possibiliti¢e consider as biofuel use evolves.

Corn, Corn, Fields of Corn

In the United States ethanol was first mandated in 1978,
largely in response to the Arab oil embargthanol con
tinued as a minor part of the energy picture until the
Erergy Policy Actof205 t hat @nnai med to do
renewabl e fuel, mainly ethanol
(Energy Information Administration). In 2007 this was ex
panded to fArequire that 36 bi
other fuels be blended into gasoline, diesel, jahduel by
Scott Olson 2007 Getty Images 20220 The bmpatt.o) these laws is powerfiilhe

United States Department of Agriculture projects that-corn
ethanol production will have doubled from 5 billion gallons in 2006 to 10 billion gallons in 2009
(Morrow).

Currently, the minimmm mandated ethanol blend in gasoline is 7.6%, or E7.6, with a maximum

of 10 %, or E10, t he amount f orEngmésihavé be¢nalel ay 6 s
signed for E85, yet remain rar€lex fuel vehicles that use variable amounts of ethanol would

greatly ease infrastructure problems, and indeed are now common in Beazfding to one

ex peMatnufiacturing flex fuel vehicles is a tri\
(Greer). Still, ethanol provides about 30 percent fewer mges gallon than gasoline, necessi

tating bigger engines or more frequent stops to fill up.
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Numerous factors contribute * - "“hanol 0o
mental costOne study exp I-eﬁe_[:t tifs cydlehea u_s_ ethanol

ergy and GHG assessment of cethand considers the energ) . d tl i

used for feedstock production and harvesting, including fossil p”o uctio _

els (primarily diesel) for field operations and electricity for gre Bens of gallons per year:

drying and irrigationo (Lisk 10 a2t a ¢
quires examining even more factp particularly energy inputs 8

AEner gy expended in crop pro 62000 > i ncl
for the production of fertilizer, pesticides, and seed; deprecii 4 16

cost of manufacturing farm machinery; and the energy require 2

the production of fossif uel s and el ec tWhilec ©. 09 et al
fossil fuels currently generate much of the energy input, in  gzumer @ @ caion oo

long run more of it will come from renewable sources. g i

2008 Knight -Ridder/Tribune
News Service

Critics of corn ethanol cite several studies showing very little ....
provement in greenhousesgamissions over gasoline, or even a IBsamatically, aMinnesota

study shows that ARabout 25 percent more ener
produce i tYetaedemt Umvarsity af Nebraska study contradicts this, estimditing

rect effect GHG emi ssions as fiequivalent to
twofold to threefold greater reduct iTeerdist han r
crepancy is Il argely becaus ergyelfficendes ia olderdeth@ s fr e
nol plants that were built before the recent investment boom in new ethanol biorefineries that
initiated production on dmprowd com yieldd makeitherpic 2 00 5
ture brighter, as does better consgion tillage. With better technologies, newsorefineries

could lead to a far better corn etha@HG balanceAdditionally, the Nebraska study, unlike

many, accounts for the effect of distiller grains derived from ethanol production in animal feed,
maintaining some of the food that would otherwise be displaced, explains renewable erergy ex

pert Nathaneal Greene.

Still, the Nebraska study does not take indirect land use into account and therefore presents only
part of the pictureGreene explainsindicet | and use as fAthe 800 poun
relatively modest to very |l arge impact. o

The American ethanol industry is using the Nebraska study to argue for renewed commitment to
corn ethanolThey also believe that the regulatory cap should eedafrom a 10% ethanol

bl end (E10) to 15 %, arguing that todayds ca
(Galbraith).

Increased agricultural efficiency is also decreasing greenhouse gas emissions from ethanol, a
trend that is likely to continueMuch of this improvement is due to genetically modified crops

grown on a large scal&uch practices, however, are anathema to environmentéliséth e r e
would we ever want to have huge fields of any

wh o c iedroeksissugdof monocultdréb i odi ver sity, water quality
may create speci al environment al probl ems, si
gen fertilizer and can cause more soil erosio
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Ethanol backers also argue that corn ethanol will serve as a bridge to better ethanol, providing

the basic infrastructure for a future cfllulosebased energyGreene agrees, although adding

At hat argument had Idamdel s anyrneed fort tirrscorredanket soe .
continue to grow t dsoverankeert subsidied ofl étharsli ae alsoimawing e .
from corn to cellulose: A 2007 bill movéesowar d fi43 percent of the st
57 percent to advanced biofuels,¢ | udi ng cel l ul osed by 2015 (Tyn

Corn ethanol is thus an industry created by and subsisting on government mdntatedefi

nite benefits in creating jobs in rural areas and improving local air quédétytwo of its stated
reasons for being sub&éd, alleviating global warming and increasing energy security, are ar
guable.

Sugar: A Burst of Energy for Brazilian Ethanol

Brazil has solved a conundrum that continues to
plague the United States: energy independence.
With its huge production of sughased ethanol,
the result of a program that began some 30 years
ago, Brazil now exports as much oil as it imports
(Reel).This is largely because sugar cane is far
more efficient at maki ng
corn, in which the starch in the kernel hase
broken down into sugars with expensive- en
zymes before it can be fermented, the entire sug
arcane stalk is already 20 percent stigand it

A easant cuts sugar cane during harvest in Usina

Bonfim in Guariba, Brazil, 2008. starts to ferment almost as soon as it's cut. Cane
yields 600 to 800 gallons (2,300 to 3,000 liters)
ofethanola acr e, more than t wi And, amawd theworll, swarhasor n o
tremendous room for growt h; Aresidues from su
vastly wunderutil i s e dBrazalhasied the waehstothaeountias, sicy N 1 6 )

as Australia, are quickly following the sugar ethanol boom.

Sugar based ethanol also seems to be effective at reducing climate dtien@eganization for
Economic Cooperation and Devel opment (IOECD)
Alileading to GHG emissions reduction of at | e a
However indirect land use must also be accountedTioe. Amazon, a vast reservoir of wre
placeable wildlife that sequesters huge amounts of greenhouse gassgslly being cut down.

A Nat ur e Co n sfeundvthatfar gvensii0,000 gqualie metres of Brazilian rainforest
cleared . . . over 700 (tToergrea bulk offrainforés? damagey | d b
however, does not come from ethanol prithn. Indeed, in Braziiit he v ast maj or i
sugar crop is grown thousands of miles away from the [Amazonian] forest, in S&o Paulo state or
thenortktk ast o (Preto). Furthermore, t he amount of
pared to the amau devoted to beef cattl8till critics worry that ethanol use will drive other-ag

ricultural uses elsewhere, eventually harming the Amazon.
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Beyond its probably | ow en\
cane has also been exempted from the blame for fdod in
creasesibecause sugar cane pr ol
to meet both the demand Wihr
its great success, Brazil would like to expand its ethanol proc
tion into the U.S. market, but a 54 cents per galloff tgripre-
venting this.How much of a model Brazil is for ethanol us
elsewhere remains to be seen; it depends largely on speeifi
ricultural use and environmental conditions, as well as po
decisions.

mpact

rown
hanol

Other First-Generation Biofuels

While amber wavesf corn might typify ethanol in the Ameri
can mind, this is far from the earliest biofuBhousands of years
old, yet often overlooked in current discussion, is traditional k
fuel, such as fuelwood, still used in much of the woftie  grazilian president Lula da Silva
United Nationsestmat es t hat 2. 4 bi | holds cleandieselfuel irely
dung, and other traditional biomass fuels to meet their enr foaose o0 ooneHAFRICEY

needso (4), a use it descriwves as nirner ficier
(2). Furthermore, this energy can lead to health problems, such as smokaanhpkaticularly

often harming women (UN 20Y.he movement away from traditional biofuels, then, should be
encouraged, provided they can be replacitd @lean, contemporary energy.

Another important part of the biofuel picture is soy, used to
makebiodiesel Indeed, biodiesel might prove to a more long

lived and efficient ethanol source than cof.2006 study

fi nds fidaded ¢thanolgrovides a 12.4 percent reduc

tion in GHG (compared with gasoline), and soy biodiesel pro

vides a 40.5 percent reducb n (compared wi t h
(Tyner). Again, basic infrastructure, including engine types,

will help determine the future of biodiesel.

An even more intriguing source of biodiesel is industrial,
commercial, and consumer waste, such as animal manure and

i\, vegetable oil from restaurant§or instanceiwi t h j ust a
Women in Malawi gather f  uelwood modifications, any diesel vehicle can be converted to run on

Photo by Anthony Njenga veget abl Bis i particularly appealing, since
http://www.worldagroforestry.org/ ~
ar2004/tf_story01.asp firestaurants produce about 100

each year, a tiny frdion of all the energy consumed in our
car s o ( Bo yTiseld&ganbrguseroenaterials has a strongrenwiental appeaHow-
ever it is difficult or impossible to produce waste biodiesel on the kind of mass scale needed to
supply more than a smadart of our energy needs.
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Perhaps the most underreported biofuel success is the tropical plant Jatropha, which, according

t o one

basedethanolfor $3051(Boyd).J at r o p h a

sionsand revitald@

will become a source of biofuels.
Cellulose: Break It Down

Maklng fuel from plants

ail ethanal in the US. is
made from ¢ Qrasses, rees and other woody matenal, but
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between the lignin

molecules, making them

oaskor to broak apart

In 2008, the U.S.

produced close : million gallons of cellulosic ethanol

to 9 billion gallons

of corn ethanol + quickly to 16 billion gallons by 2022

Source: Pennsyivana State University; Renewable Fueis Asecciason
Graphic: The Philadelphis knquirer

The Philadelphia Inquirer
2009 Knight -Ridder/Tribune News Service

10 break down. Sclentists are experimenting with a better

One reason wood is hard to
break down ks because s
cell walls contain a hardy
material called lignin; Penn
State University scientsts
genetically engineered
poplar trees 10 have proleins

S e

rrently made from corn. The fuef also

Vs is

approach

000000 000000000000008
. o

g o

o

o

v

+ In 2010, U.S. refiners are required to add 100

to gasoline; that requirement ramps up

© 2000 NCY

Cellulose forms the main part of cell walls in

fcan be cul ti

vated

s praduce & harret ol mofuél for about $43, compared to a barrel of sugarcane
basedethanolfor $45, cornbasedethanolfor $83, soybased biodiesel for $122, and cellulesic

on s
eroded areas, effectively generating clean energy while helping to reduce carbon dioxide emis

| oMalaid cureeratly sscgnset far expeadimeftatibh wah)
this innovative fuel. Again, local conditions and politics will determine just how much Jatropha

plants or parts of plants. Cellulosic ethanol-em
Awast e,
wheat straw, sugarane stems and leaves, and
wood chips, as well as crops not grown on prime
agricultural land but spéeally planted for bie
fuel use such as switch grass and woody vegeta

pl oys

tion.
erat.

the future of biofuelsindeed, cellubsic ethanol

u s e s -edibheocrops, reducing potential com
peti ti

vegetati

agricul tural

| t i s of ten

on, 0 | acking

on bet ween

on: nBi

tout ed

t he

Beyand

of uelr-

as

et
pr obl
and environmental exhaustion, and representing

and
agricultural residue, cellulose proponents hope to
create an environmentally rich mixture of nonfood

Vi

gence of deepooted perennial prairie grasses like
switchgrass or buffalo grass, sequestering carbon
in the soil, providing wildlife habitat and erosion
control, and supplying a bounty of homegrown

fuel 0O

by

(TB thase aorecgrned about climate

change,the carbon sequestration is particularly
appealing, as growing these plants would actually

keep CQ out of the atmospher©®f course these

si o

benefits would only last until the vegetation is harvested, but other vegetation planted elsewhere
would do the jobin a continuous cycle of harvesting and replanting.

Yet cellulose is extremely difficult to break down into fuel fofant defenses resist industrial

u s e lantsfai® tough. They have evolved for billions of years to avoid destructiongéiirst

erationbiofuels are made from the simple sugar molecules in corn and wheat, but cellulose is

held together by a strong, gHike substance callelignin,o
def enses

diseasgCastaldo)T h e
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pol ymer s 0 Therdfare, breaking celluo sdewn ito its component sugars is still far
more difficult and expensive than doing the s

Given these obstacles, cellulosic ethanol has long resisted the optimistic predictions of s propo
nents.The old joke in the field ishat cellulose production is always five years away, although
given recent breakt hroughs, Ait actudlllay now
July 2008 UnitedNations and Organization for Economic Cooperation and Development report

A di s dhdellsse fuel, stating it is not expected to be produced on a commercial basis in the
next decadeo (Castaldo).

The two basic technologies for cor
verting cellulosic biomass to liquic
fuel areenzymeenhanced fermenta
tion and FischerTropsch synthesis
(UN 13). FischefTr o p s c hn-

vented to fuel Germany's World We
| effort, to reassemble these simp
molecules into longhain hydrocar
bons, suitable for burning in interne

How Cellulosic Ethanol is Made

combusti on engi
2007). Unfortunately the energy in
put is high in his process. o M

into sugars. ethanol.

An alternative is using enzymes t http://jcwinnie.biz/wordpress/?p=2433

break down celluloselo aid in this, microoganisms are being enginee@®d.e c ormasany
developed genetically engineered bacteria that speed up the initial steps of the process to break
down wood chips andther lignin material into cellulose, and it has engineered enzymes that
convert the cell ul os e Sciantists arssharg atwerlotryigigSaccoeate & E
Aite i deal or gani s reak doven tcellufiosedike lBadteridnpferment swar |

like a yeast, tolerate high concentrations of ethanol, and devote most of its metabolic resources to
produci ng | ust Amothdr approachdi g eSrherteiecveel)l.y engi neer i i
to make enzymes t haDNAwdsdaich issalsd woskihgroa pladt manipela r ¢ e )
tion Ato radi-ceaell ywnetdestgnmpkant hem more rec
(Morrow). Such plants might be more susceptible to disease, however.

A completely different approach is usisglid biomass not for transportation but to replace en

ergy currently generated from coal and other fossil fu@ls.e s tound that dompressing
switchgrass into pellets and burning them for heat and pgeregratiorresulted in nearly three

times the geenhous@as reductions of using switchgrass for ligbid of uel s OMostCast al
recent research, however, has gone into cellose as a transportation fuel.

Ot her technical p r o bidmass s variablen &/oad is ve@/rdiferentgromt h a t
straw , and even more different from p&dndingoi | w a
these different materials requires differences in the ethanol conversion process, adding techno
logical difficulty and expensd=nvironmentalists also object to usingiaghural waste for etha

nol since such fAwasteo returns nutients to th
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Cellusolsic wholesale costs remain at $2 to $3 a gallon versus $1.56 for corn ethanol (Davidson,
USA Today).Of course prices vary greatly oveme, and better technology will result in less
expensive cellulosic ethandtesearch continuesapaéel n t he US al one t here
the pipeline to develop cel IHawewesno tullsale tosn o | 0b
mercial enterpee yet makes cellulosic ethan®he closest is the compahygen, which oper

ates the largest and most successful cellulosic demonstration plant in Ottawa, Canada.

Algae: Power from Pond Scum

e P Algal biofuel takes one of the most com
Blodiesel from algae | 3zrwwmwme %, # mon, and often scomeglants on earth,
SR S A e e o g one that grows quickly in polluted and
T T i, 2 Acssoiices goumey U salty water, and turns it into energy for
I:tmzld!'zéroéc'e SRONE i | g o human consumption.Algae is often
called a second or even third generation
biofuel because it is being developed later
than others, and because its proponents
think it may be the final word in biofuels.

Screw press \ !

Sunlight
coz @ ;i
Water (D

Yield of various plant oils

(Gallons per hectar) About algae Neverthelessetc hni cal |y al gal
Soy | 118 ;om?f;%:pe:asl%l growing plants; . . . .
Nl w1 50% of their weight s i a firstgeneratiorbiofuel crop, producing
Sa'owe fm « Contains no sulfur; non toxic; . .
b hihly blokgradabe hydrocarbons directly, without the need
. |+ Algae fuel is also known -
Coope MW o [ o5 dgal el o oigae m for a complex chemical process to break

Algae downcellulose ( Engi neer 2008)

Souece: oiigae com, MCT Photo Service
Graghic: Scott Be¥ ©2008 MCT

2008 Knight -Ridder/Tribune News Service In the procss of extracting energy from

the sun, algae may be the best organic
i nt er medi arcandoublé their size inta @ay, making them among the most efficient
organi sms at converting | iOgibthen extractedginpm theral o b i ©
gae, creating a product nAal most chemically 1in
that it is greenin colar ( Hi sFem the thousands of algaeesies, those high in starch are
best, since At hey need agroyvatoad acseptable tlig, ama theyc a r b ¢
can feed on nutrients in sewage, raising the appealing prospect of producing fuel while treating
sewage. They are aquatic, but can grow in salty or brackish water so they don't have to compete
forthe land and waterneee d t o grow food cropso ( Nowak) .

The difficulty is growing the right algae to make fuel and keeping it garepen ponds, algae

Aare susceptible to dgadgamg Wialclted i a®df bwrthen
temperatures and pH levels atssn kill offa | g @lisedodt).The alternative is a closed system

known as aphotobioreactorT hi s al s o h a s algaepmduteeorygen, wkidhmsc e
highly toxic to the bloomesbdb¢(CGdacetomenandhi ta
(plat f ood) i nt o t (HeerodthEvdn werestechngues peréeotesi 0 grow a de

sired strain of algae in quantity, much experimentation remains regarding the best method of
making fuel.

Algae have additional environmental advantages, notablyadb#ity to sequester carbon, aiding
the fight against climate changéreenFuel Technologies is working on a system to directly si
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phon gasses fr om xewmissions, richdooccfar aldae, polldbe piped intcCtiae
GreenFuel system, indugnhe algae to grow. Since the algae are essentially eating the coal
emissions, there would be no need to capture and store tste CO St i pp) . I f 1 mpl e
large scale, this could kill two environmental birds with one stone, producing clean fuel whil
capturing greenhouse emissiombis process is actually similar to the cycle envisioned for such
cellulose plants as switch grass, but algae is far less resistant to being processed into ethanol.

Should the proper technology be developed, Algal fuelgldvoreate minimal land use disrup
tonnTheoretically, ADi splacing gasoline use 1in
would require an algagrowing area of 25,000 sq kilometers, equivalent to aboutarta of

the area the U.S. currently deéee to soybean production s ay s o n(Scott &Bryeaa)r c her
According to anotherestimate ial I t he transportation fuel s i
grown on less than 30 million acres of desert, an area equal to about 3% of the U.8vided d

to farming crops and Tgeindrect land usprobtem & almostailfa@ o ( St
Algae.Of course the technology is not there yet, but research is proceeding rajgdlybiofuel

may soon be economically competitiv€he trends remarkablefii n 2006 it <cost $.
duce a gallon oélgaeoil, the price fell to $250 per gallon last year, and it will hit $20 a gallon
byyeare nd [ 2 00 8] The U.%. DdpartmeénbohDefense is also working on using algae

as a source o€f engine fuel.

The Bigger Picture: Where Might Biofuel Fit in Our Energy Future?

The economic viability of biofuels depends
on the price of gasoline and other fossH fu
els versus the price of a given biofu€he
latter has become steadily less expensive
although the recent food shortage pushed
the price of corn ethanol temporarily up.
Meanwhile, as every driver knows, the
price of oil has oscillated wildly based on
speculation and political eventé/hen oll
prices raced to nearly $150 a barrel it
seemedike a potential goldmine for alter
native energy, but their equally breathtak
ing drop to under $35 a barrel has thrown

General Motors  flexfuel vehicles, US Bio Woodbury the ethanol industry into crisighe indus
Ethanol Plant, Lake Odessa, Michigan . ) )
2007, Jeffrey Sauger/AFP/Getty Images try today faces a triple whammy: overly

rapid expansion, falling gasoline prices,
and a deepecessionThe future of the U. S. i ndustry | ook:
capacity and falling ethanol prices have driven a flight flmafuel investment and spurred-in
dustry consolidation, 06 so muc h vesapnoundedplansiics e v e r
cancel or have already del ayed projects in th

With oil prices low, demand for ethanol is naturally droppinglt hi s has bee-n our
pl ained Barack Obama, i We prices go fup, everybedi goeskn at ot r
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flurry of activity. And t hen prices go back down and sudd
(Revkin.I't i s possi bl e, however, that oil 6s extra
to spur a deeper commitmentalternative fuelswith rising demand in China and India it is in

evitable that we will reaclpeak oi| although how soon is not cleakccording to the United

Nat i ons, Afat a time when oil producti olusei s alrr
could help bring the oil mar ket i nt andlbfal ance
course concern about climate change is also spurring interest in ethanol, leading to increased
government support.

Like all renewable energy, biofuels ar About 90 percent of global biofuel production is concentrated in
. .- U.S., Brazil, and Europe, 2007

dependent on government subsidies &

' # .~ Thailand 1%
regulation and will continue tobe

. Ceniral America 2%
. Amefica 1%

have a|SO been heaV”y SubS|d|ZE Source: FO Licht, includes only athanal for fuel.

mandates to be economically viabl AT T om
"This is an industry that was grown b s
~—— Oceania 1%
. . = Other North &
grown by regulation for awhile," NS 5°"|
. I, th
explains an energy analyst (Coons % us. A merica
However, as renewable enerc Q / e Asia %
advocatesike to point out, fossil fuels =
throughout their . deelopm(_ent. http://www.ers.usda.gov/AmberWaves/NovemberQ7/Features/
According to the United Nations sgiofuels.htm

ADecades of direct ana 1 nalrrect subsl aes
to the energy sector as a whol e . .N39).Ilhave cc
any case, ABrazil, t he European Uni on, and t

government regulations and tax incentives are essential to the development of modern bio
ener gy o UGB .@tiNand gubsidies in 2006 were $5 billionrenthan 40% of the market

price (UN37)Accor di ng t Governmenbiduel€sDpportin the US, EU and Gan

ada is estimated to be around US$25 billion g
(Europe Info).

While the environmental and energgvantages of biofuels are contested, the job benefits for the
agricultural sector are irrefutabl&ccording to the United Nations, biofuel production is often

Al abour iintensive, particularly compared with
newabl e r es ouBiafuels liring(jobs\wheke2they are needed, for instance in eco
nomically impoverished farm towns in the United Statlesddition, the United Nations recently
projected that, AAs bi of uel sourdriess comrbodity pricegs s ur p
wi || rise, increasing income for farmers in p

When jobs and money are at stake, lobbying is certain to be inWitkehe government deeply
involved, political interests may trump economic and environrh@mes as to how much of
what biofuel is producediWe are up against formidable opposition from competing interests”
an executive of an algal ethanol company regarding proponents of other kinds of biofuels (Blu
menthal).The delicate question of what biefs to research and produce, where, and in what
guantities is hard to separate from politics.
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Yet, in a world with serious, and seriously complicated, energy problems, the allure of biofuels
remainsgrealGr eene descri bes t he mlearergyitecmoblogBiefuelany o't
production is unique, and can be very good for the environment or very bad depending entirely

on how whuchdbtheientviroomental movement has abandoned ethanol, pushing for a
combination of wind and solar energy alorngh a greatly enhanced electrical grid and battery
powered carsGreene, however, worries that the economic viability of solar and of a smart, ex
tensive energy gridHetals$o hasgweéeés beleat pipeed
planes,longdit ance t r aiMostof allahe beliekes that snly ethanol, correctly-pro
duced, can solve the problems of a wdfwéd i n \
canodét -tanbdbohowechnol ogy He guastioss whetheagidlyldeveldpa |l | en g
ing countries are ready for a complete -wind a
ply write off ethanoll f we wrote off every alternative as
n ot h iCleagly, though, we need to think abdaibfuels in a more systematic way than we

have been so far, and to p
broadly sustainable bio pl ace
Blog).

Certainly the challenges are many: full cycle- ¢
counting, water shortages, soil depletion, inditentl
use, among other&nd the need is great: energy ir
dependence, jobs, greenhouse gas reduction, loce
quality. Biofuels are a uniquely complex answer
our energy needs with a unique set of problefvish
a new administration in the White House,maajor

) : . Steam turbin es convert wood residues to
global warming conference impending, and proble electricity , Shasta, Calif omia.

i https://lwww.eere
foresgen and, undoubtedl_y, unf_oreseen_ looming DI energy gowPMC,_News/PMC_News. 04
remains to be seen what mix of biofuels will be part o7.aspx

our future.
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