ISSN : 0974 - 7435 Volume 8 Issue 7

LioSechn o/oyy

A Indian Yournal

—====> FyLL PAPER

BTAIJ, 8(7), 2013 [999-1004]

Liquid biofuels and sustainability

Ying Jian Chen
Research Center for Srategic Scienceand Technology | ssues, I nstitute of Scientificand
Technical Information of China, Beijing 100038, (CHINA)
E-mail: cyjmail123@163.com

ABSTRACT

Liquid biofuels can provide amuch needed substitute for fossil fuels used
in the transport sector. They can contribute to climate and other
environmental goals, energy security and economic development. In this
paper,wefirst give the definition of sustainable devel opment,then economic
and environmental sustainability of biofuel arediscussed. Finally, the socia

dimensions of biofuel sustainability are prospected.
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INTRODUCTION

Theworld currently facesasystematic energy and
environmental problem of increased CO,
emissions,decreased soil-carbon content,and global -
climate change. To solvethemassivegloba energy and
environmenta sugtainability problemiitlikely requiresa
comprehensiveportfolio of R&D effortswithmultiple
energy technologies.

Biomass can be used to provide energy in many
formsincluding eectricity, heet, solid, gaseous, andlig-
uid fuels. These bioenergy optionshave been actively
pursued in both the developed and devel oping worl d.
Different peopleare pushing development of biofuels
for different reasons. Some see biofuelsasasubstitute
for high priced petroleum, either to easetheburden on
consumers, to diversify the sourcesof energy supplies,
or to reduce escal ating trade deficits. Some havefo-
cused on biofuelsasaway to extend available energy
inthecontext of increasing world demand for transpor-
tation fuels. Otherstarget biofuelsasasubstitute for
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more carbonintensiveenergy. Still othersseebiofuels
asan economic opportunity.

Today, plant-based fuel slike ethanol and biodiesdl
seem to beemerging asaseriousdternativefuel ahead
of technologieslikefue cdl vehicles, dectric/hybridve-
hicles, and natural gasvehicles. Thereare severd rea
sonsfor theexcitement surrounding biofuel S+,

e Biofuelsarereplenishable

Biofuel sareaninexhaudtibleresourcesncethestock
can bereplenished through agriculture.

* Biofuelscan reduce carbon emissions

Biofuelsare sometimes considered asasolutionto
climate change. It istruethat direct carbon emissions
from combustion of biofud sareinggnificant compared
tofossl fuds.

* Biofuelscan increasefarmincome

Today declineinfarmincomeisaproblemtheworld
over. With biofud's, most countrieswill beableto grow
one or more types of cropsin which they possess a
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comparative advantage and use them to meet either
domestic or foreign demand or both.

* Biofuelscan improveener gy security

Theabovefact dso meansthat countries can pro-
ducetheir own fuel, and reduce their dependenceon
foreign sourcesfor energy.

* Biofuelscan create new jobs

Biofuesaremorelabor intens vethan other energy
technologieson per unit of energy ddlivered basis. The
production of thefeedstock and the conversionrequire
greater quantities of labor compared to that required
for extraction and processing of fossil fuelsor other
indugtridly based technol ogieslike hydrogen and €l ec-
tricvehides.

DEFINITION OF SUSTAINABLE
DEVELOPMENT

Thesmplest definition of sustainable devel opment
was given by theWorld Commission on Environment
and Deve opment®:”devel opment that meetsthe needs
of the present without compromising the ability of fu-
ture generations to meet their own needs.”In the
bi oenergy sector, sustainability isa sine qua non for
long-term viability for thefollowing reasong>7:

» biofuelsarepromoted aspart of renewable energy
precisdly to put human society on asustainable path
with respect to energy use as opposed to the con-
tinuous dependence on finiteand exhaustiblefoss|
energy,

« biofuels are aimed at lowering greenhouse
gas(GHG)emissons, rendering climate change con-
ditionsmore hospitableto humanlifeinthelong
run;

» thepotentially large shareof land, labour and re-
sourcesrequired for biomass production may over-
whelmwhat iscurrently used for food and feed pro-
duction, and hencejeopardize thelong-term ca-
pacity to meet food and energy needs, even as
biofuel s could satisfy only 5% to 10% of total or
global energy demand.

Tackling bioenergy sustainability requiresdeding S-
multaneoudy withitsmany dimens ons—economic, en-
vironmental and social. Thelatter dimension encom-
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passessuch considerationsas socid and gender equity,
participationand equal rights®.

ECONOMIC SUSTAINABILITY OF
BIOMASSBIOFUELS

Three of themost important criteriafor economic
sustainability are profitability(the price of the biofuel
exceedsthe production costs), efficiency(themaximum
amount of yield is obtained with agiven quantity of
resources)and equity(distribution of benefitsor vaue
added among actorsa ong abiomass-biofud vduechan
or across generations)“,

* Profitability and efficiency

Thefirst criterionfor long-term viability of apro-
duction system utilizing resourcesto produceamar-
ketable output is that it shows economic
profitability:producerswill only bewilling to pursue
biofud productionif itiseconomicaly profitable. Key
factorsthat can affect profitability includeaternative
competitive uses of the feedstocks and energy prices.
Alternative usesof thefeedstock play animportant role
inthedecision making process of producers. If prices
for biofuelsfall below the prices of other possibleend-
products(food, feed, timber, etc.)it would bemore prof-
itableto cultivatethese productsthan to derivefud out
of thefeedstock.

Theeconomic profitability of biofuelshasbeenin-
variably attributed to government subsidiesor mandates,
the only exception being Brazil’s sugar cane ethanol.
Somearguethat biofudls, by pushing pricesup through
increased demand, could lower thevery need for farm
subsidies. The problem thusfar isthat most biofuel
programmesin advanced economies arethemselves
maintai ned | argely through government subsidiesand
demand-generating mandates.

Ingenerd, feedstock costsaccount for themain part
of theproduction costs, while by-productscanincrease
theeconomicviahility of biofud production. Two excep-
tionstothisgenerd pattern areethanol derived from sugar
canein Brazil and from sugar beetinthe EU.

* Economic Equity

The concept of intra-generational equity, referring
tofairnessindlocation of resourcesbetween smulta-
neous competing interests, hasreceived relatively less
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attentionthan inter- generationd equity(between present
and futuregenerations). It impliessocid and economic
justice, quality of life, democracy, public participation
and empowerment; theincidenceand magnitudeof un-
sustainable practices originatefrom power inequality. It
isinthiscontext that theenvironmental limitsof sup-
porting ecosystemsare defined®.

Thegrowing globa demand for liquid biofuelsand
the attendant environmental and socio-economictrans-
formations might have different impacts on men and
women inthe samehousehold, asregardstheir access
toand control of land and other productive assets, their
levd of participationindecison-making, andtheir food
security. Both the nature and the magnitude of these
impactswill depend on the specifictechnology and on
the socio-economic and policy context.

Thepotentia highland-userequirement for biofuels
might put pressure on the so-called “marginal”
lands(perceived aslesscritical for food production),
prompting their conversionto biofuels production.

» Competition with food

Oneof thekey driversdetermining longterm eco-
nomic viability of biofuelsiscompetition with food.
Thisisbecause biofuel production(through the use of
biomass)may compete with food for the same re-
sources, notably land, |abour and water. Food secu-
rity isakey devel opmental goal and the potential con-
flict with energy security can play out at many levels
including national and evenregiona . Whichtakespri-
ority and to what extent food security could impede
large-scale biofuel development depend onthe over-
all balance between size of population, projected
growth, availability of land(or its scarcity) aswell as
itssuitability for food cropsversusenergy cropsonly.
Other contributing factorsinclude prospectsfor in-
creased productivity and theimplicationsfor land avail-
ability to meet multiple demands, aswell astherela
tive profitability of feedstock for biofuel sversusater-
native uses of land, water and | abour —for food, feed
or other industrid uses. Intheend, incentivesfor feed-
stocksfor bioenergy versusfood or other crop uses
will boil down to which end-product offers greater
value added and rai sesthe incomes of farmers, who
canthen afford greater accessto food and nutrition[9-
11].

 Tradecompetition

Alongwith economic sustainability, equity of trade
referstothe possibilities opentodifferent countriesfor
entering theinternational bioenergy market. Giventhe
sizeof the energy market, future energy demand, the
distribution of land resources and the environmental
priorities, industrialized countriesare expected to re-
main mgor consumersof biofue swhilemany devel op-
ing countries have the potentia to become main pro-
ducersand exporters. But biofuel trade hasbeenre-
drictedinrecent yearsby industria countriesthrougha
combination of subsidiesand tariffsto ensurethat the
support isdirected towards domestic producersonly.
Still, tradeisexpected to play asignificant roleinthe
globa devel opment of biofuel§°.

ENVIRONMENTAL SUSTAINABILITY OF
BIOMASSBIOFUELS

In thissection,wewill discussthisissuein thefol-
lowing five aspects>12:

* Energy balance

Oneimportant motivationfor bioenergy policiesis
toincreaseenergy security. Fossi| fuelsarefiniteand
prices areexpected to rise substantially in thefuture.
Renewable bioenergy isseen asaway to diversify the
energy Sources.

The contribution of any biofuel to energy supply
depends both on the energy content of the biofuel and
onthefossil energy going intoits production. Fossil
energy balance, defined astheratio between renew-
able energy output of the resultant biofuel and fossil
energy input needed initsproduction, isacrucid factor
injudging thedesirability of biomass-derived biofud:
thisconcept measuresto what extent biomassisquali-
fied toreplacefossil fuels. An energy balance of 1.0
indicatesthat the energy requirement for the bioenergy
productionisequal to theenergy it contains. In other
words, thebiofuel providesno net energy gainor loss.
A fossl fuel energy baance of 2.0 meansthat alitre of
biofuel containstwicetheamount of energy aswasre-
quiredfor itsproduction.

Conventiona petrol and diesel usudly havean en-
ergy balance ranging between 0.8-0.9 because some
energy isconsumed inrefining crudeoil into usablefudl
and transporting it to markets. If abiofuel hasafossi

s BioTechnology

An Tudian Yourual



1002

Liquid biofuels and sustainability

BTAIJ, 8(7) 2013

FULL PAPER o

energy balance exceeding thesenumbers, it contributes
to reducing dependence onfossil fuels. For crop-based
ethanol, the estimated balancesrange from 1.34 for
maizeto around 2-8 for sugar cane.

» Greenhousegasand other air pollutants

Tackling global warming and the possibility of re-
ducing GHG emissionsisthe second main driver for
biofud deveopment. Giventhat fossl fudsusedintrans-
port and heating and cooling systems arethe largest
contributorsto global warming(about 75 percent of to-
ta CO, emissions), one of the most important targets
will beto cut emissonsinthisarea. GHG emissionas-
sessments typically include those of CO,,
methane(CH,), nitrous oxide (N, O)and hal ocarbons,
Thegasesarerel eased during thewhol e-product life-
cycle of the biofuel depending on the agricultural
practices(includingfertilizer use, pesticides, harvesting,
etc.), theconversion and distribution process, and the
final consumption and use of by-products.

Concerns about climate change and the need to
reduce GHG emissionshave becomeincreasingly im-
portant in continuing policy support for biofuels. The
biofuel industry isthereforeincreasingly required to
demonstrate that the net effect islower GHGswhen
taken acrossthewholelifecycle, from cropsto cars.
While plants absorb CO, from the atmosphere when
they are growing, which can offset the CO, produced
whenfuel isburned, CO, isaso emitted at other points
inthe processof producing biofuels.

* Life cycle assessments

In order to determine whether abiomass biofuel
systemresultsinanet reductionin GHG emissionsor
an improved energy ba ance(input-output energy ra-
tio), aLife-CydeAssessment(LCA)iscommonly used.
According to 1SO 14040, an LCA isa‘“compilation
and evaluation of theinputs, outputsand the potential
environmental impacts of aproduct system through-
outitslifecycle.” InanLCA, al input and output data
indl phasesof the product’slifecycleincluding biom-
ass production, feedstock storage, feedstock trans-
portation, biofuel production, biofue trangportation and
final usearerequired. Also, al outputs are accounted
for including gases(leaked or captured) and by-prod-
ucts.
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LCAsof theenvironmentd impactsof biofuel pro-
duction and consumption have shown awide disparity
inresults, fromnet reductionin GHG emissonsto anet
increase, aswell asrisksof unintended negative envi-
ronmental impacts, depending on the kind of feedstock
used and how itis produced and processed. LCA andy-
sesarechallenging not only becausethey requirelarge
amountsof information, but al so becausethey attempt
to combine disparate quantitiesin waysthat require
cong derableexplanation and interpretation.

e Land usechange(LUC)

Thenext key challengefacing LCAsishow tofac-
tor inland-use changes. A common method to estimate
land-use changeisto useremote-sensing images, es-
pecialy for monitoring deforestation. On the basi s of
spatial patterns, different techniques are then used to
identify theagentsinvolvedintheland-usechange. Fur-
ther, the use of primary and secondary dataon areas
planted and harvested in the past can help predict fu-
tureland-use patterns— even at thelocd levd, if such
data readings can be matched with other crops®.

Thereisadistinction between direct and indirect
land-use change. When newly demanded products—
such asbiofuel feedstocks— are grown on converted
land, this is described as direct land-use change
(DLUC) andistypically included in the carbon ac-
counting procedurein most life cycleanalyses. Indi-
rect |and-use changerefersto second, third and higher
degrees of land substitutions. Thisisharder to mea-
sureand remainsunresolved. Thereiscurrently ade-
bate about measurement of GHG emissionsresulting
fromindirect landuse changethat may occur whenin-
creased demand for biofuel crops displaces other
cropsto new areas.

The indirect land-use change impact(ILUCs)of
bi of uel s describe the unintended consequences of re-
leasing more carbon emissions because of land-use
changesinduced by theexpanson of croplandsfor etha:
nol or biodiesd productioninresponseto theincreased
globa demandfor biofuels. Asfarmersworldwidere-
spond to higher crop pricesin order to maintain the
balance between globa food supply and demand, pris-
tinelandsare cleared and converted to new cropland
to replace the crops for feed and food that were di-
verted el sawhereto biofuels production*4,
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* Biodiversity

Biomass production for bioenergy can have both
positiveand negativeimpactson biodiversity. When de-
graded landisused, the diversity of speciesmight be
enhanced. The reduction in global biodiversity has
emerged asoneof the greatest environmental threats of
the 21st century. Urban and agricultural development
havetraditionally been the primary driversof encroach-
ment on important, biodiversity sustaining ecosystems.

Water contamination with fertilizersand pesticides
could also beathrest for biodiversity. Leskage of phos-
phorusand nitrogeninto surrounding water canlead to
adecreaseinthevariety of plantsand animals, aswell
asanincreasein unwanted algae. Thisisknown ashy-
poxia, whichmeanslow oxygen, andisprimarily aprob-
lemfor estuaries and coastal waters. Hypoxic waters
contain dissolved oxygen concentrations of lessthan 2-
3 ppm. Hypoxiacan be caused by avariety of factors,
including excessnutrients, primarily nitrogen and phos-
phorus, and waterbody stratification dueto salineor
temperature gradients. These excess nutrients —
eutrophication—promoteaga growth. Asdead algae
decompose, oxygen is consumed in the process, re-
sultinginlow levelsof oxygeninthewater. Thushigh-
input managed biomass crops may bring negativeim-
pactson biodiversity. Conversdly, nativeand perennia
cropsthat do not involve much input arelikely to be
lessdamaging, especially when crop-rotation iscon-
Sidered™.

Inagriculture, cropsthat requirelessirrigation, fer-
tilizer and pesticides, and that providebetter year-round
erosion protection will likely produce fewer negative
water impacts. Cropscan beether rain-fed or irrigated.
Irrigation water can comefrom groundwater or surface
water. Some of the applied water isincorporated into
the crop, but most of it leavesthefiel dsasevaporation
from the soil and transpiration from
plants(evapotrangpiration), runoff to riversand streams,
andinfiltration tothesurficia aquifer!,

SOCIAL FACTORSIN BIOFUEL
SUSTAINABIITY

In this section, wefocus on three aspects of social
sustainability™*”18: |land ownershiprights, loca steward-
ship of Common Property Resources and labour rights.

eLand ownershiprights

Climate change and expanding biofuel production
arelikely tolead to greater competition for accessto
land. Thisincreased competition posesathreat tothe
livelihoods of the millions of farmers, pastoralists,
fisherfolk andforest dwellerslivinginareaswith nofor-
mal land tenurerights. Sound land tenure policiesand
planningwill becrucid.

Giventhat landisalimited resource, the appropri-
ate use of land dependsonthevaueit can provideto
thosewho hold rights over it. The value can be mea-
sured in many ways— e.g. weal th generation, conser-
vation and ecosystem servicing. Biofuelsare believed
to offer commercia opportunitiesto enhancethe con-
tribution of landtoindividuds, groupsand governments.
Access to land(usage or ownership)depends on the
decisionsof thosewho hold rightsover theland.

« L ocal stewar dship of common property resour ces

For many developed countries, thegoa of sustain-
ablerurd deveopment impliespreservation of locd pro-
ductive capacity and natura resources. Mechanization,
while generating higher returnson land and | abour, has
lowered agricultural prices. Asaresult, government
subsidies have been established to prop up farm in-
comes, and, in the process, have became a constant
feature of agricultureinrich countries. In devel oping
countries, safeguarding local productive capacity and
natural resourcesimplieslocal stewardship of Com-
mon Property Resources(CPRs). CPRs occupy an
important placeintheeconomy of thelandlessand land-
poor.

e Labour effects

For many devel oping countries, the chanceto spur
rural employment by producing biofuelshasacted asa
magjor driver. Biofuelscan spur rural devel opment and
stimulateloca employment by attracting capital tothe
agricultural sector and aflow of new technologiesin-
cluding better accesstofertilizers, infrastructureand
highyielding varieties. Biofuelsproduction could a so
Increase accessto energy serviceswith positive effects
onwelfare.

Overdl, thesocid dimension of sustainablebiofue
production, trade and use requires adhering to anum-
ber safeguards, such asensuring humanrightsto loca
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communitieswheninvestmentsinland and potentid re-
location and compensation arerequired; integrating
small-scalefarmersand thelocal population, including
women, inthebiofue supply chain throughout-growers
schemes; ensuring that new biofuel developmentshbring
maximum employment opportunitiesfor local popula
tions; and ensuring that internationd standardsfor work-
ers’ rights, including those enshrined in the concept of
“decent work”, are fully respected and maintained.
These prerequisitesimprove the chances of social ac-
ceptance and hence placethelocal communitiesona
path towardssocia sustainability.

Thiswork was partly supported by the National
Science and Technol ogy Support Program of China
under Grant No0.2012BAC20B09.
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