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ABSTRACT

The integrated Solid Oxide Fuel Cell (SOFC) technology with sugar-ethanol
factories is evaluated by a Life Cycle Assessment approach (LCA) to as-
sess the environmental impact and by an Exergetic Life Cycle Assessment
(ELCA) to account for the exergy efficiency of the system. The sugarcane
Is the primary feedstock and sugar, ethanol and electricity are the main prod-
ucts in the systems, which define the functional unit, being 9860 Kg/h of
sugar, 2195 Kg/h of hydrated ethanol and 850 kWh of electricity.

The environmental impact (greenhouse gases and air pollution) and renew-
ability parameter have been taken into account as an indicator for the com-
parative assessment of the sugar, ethanol and electricity technologies. The
results of the LCA show that, the use of a SOFC technology involves a
reduction of the greenhouse gas emissions and non-renewable source with
respect to the conventional integrated sugar and ethanol plant. A detailed
list of material and energy inputs is done using data from local factory and
completed using simulation data by Aspen-Hysys.

Key Words: Life cycle Assessment, Exergy Efficiency, SOFC, Renewabil-
ity parameter.
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INTRODUCTION

Today, theeffectsof depletion of foss| fuel resources
and global warming have pointed out the require-
ment of innovative energy generation systemsthat
do not only increase efficiency and but also reduce
harmful emissionsand make use of renewableen-
ergy resources. Currently sugar caneisknown likely
the most productive biomassenergy sourceby its
rather efficient conversion of solar energy into high
potential energy products (ethanol, bagasse and
char). Thebagassereleased by sugar factorieshas
long been aspecial feature onthe electricity pro-
duction through traditional cogeneration systems.
Ethanol isthemost widespread biofuel studied for
awidevariety of energy systems, including recently
alsoforfuel cellspower plants. Itisapoint of dis-
cussionif ethanol, derived from sugar cane, maize
(corn) and sugar beets, isasustainableenergy re-
sourceandif it offersenvironmental andlong-term
economic advantagesover fossi| fuels[1].

InLatin America, sugar caneisthemain resource
to obtain ethanol using the traditional two steps
method: molassesfermentation with sacharomises
serevisaeand distillation. However, ethanol isnot
theonly product from sugar cane: therearediffer-
entindustrial va orization scenarios, such assugar
factories, alcohol distilleries, integrated sugar and
alcohol plants, and el ectricity cogeneration plants
using bagasseasfudl.

In previous papers published by Ensinaset a [2]
thermal integration of the sugar and ethanol pro-
cesses applying energy and exergy analysiswas
studied. Furthermore, four configurationsof cogen-
eration systems (steam cycle, biomassgasification
and combined cycdewith biomassgasification) were
evaluated by theseauthors. Morerecently Ensinas
et a. [3] haveasoreported theirreversibilities of
each component of the sugar factories, wherethe
cogeneration system applying steam turbinesisre-
sponsiblefor 63% of thetotal irreversibility gener-
ated, whereastheglobd exergetic efficiency is 35%.
Contreraset al. [4] quantified the environmental
impact of four aternatives of conventional sugar
productionin Cuba, using Life Cycle Assessment
methodology (LCA). Inthis paper the sugar cane
was considered asthe main product, towhich the
tota environmental |oad was attributed, whileby-
products ethanol, yeast and biogasweretreated as
avoided products. Different typesof impactswere
andyzed: globa warming, acidification, ecotoxicity,

humantoxicity and others. Theintegration of thesugar
processwith acohol and biogas production proved
to bethebest dternativefrom an environmenta per-
spective, exhibiting abetter resource consumption
pattern.

Inaddition Luo et a. [5] combined LCA and Life
CycleCosting (LCC) to quantify theenvironmental
and economicimpactsof ethanol from sugarcanein
Brazil. TheLCA and LCCincludedthegasolinepro-
duction, agricultural production of sugarcane, etha-
nol, bagasse, sugar and d ectricity co-production, and
finally theend use of ethanol blended with gasoline
asautomotivefues. Theresultsof LCCindicatethat
driving with ethanol fuelsismore economical than
gasoline,

Solid oxidefuel cells(SOFC) areconsidered to be
an emerging technol ogy characterized by ahigh effi-
ciency, low CO, emissions, and high flexibility in
termsof fud typeandingdllation requirements. Many
workshavebeen published in thefield of thermody-
namic model s and optimization of the operational
conditions of aSOFC power plant running on dif-
ferent primary fuels (ethanol, biomassand meth-
ane)[6,7].

Theexergy tool hasbeen used inthe evaluation of
SOFC running on biomass gasifi cation gasses and
ethanol [8,9]. Casaset a. [ 10] determined the ef-
fect of operationa variablesontheexergy efficiency
andirreversihilitiesof an ethanol fueled solid oxide
fuel cellssystem. Thehigher irreversibilitieswithin
theoverall processwerelocated at thefue cell, post-
combustor and thereformer. Also, the comparison
of methane and ethanol asfuelsfor a SOFC power
plant by means of exergy analysiswas studied by
Douvartzidesetal.[11].

Theintegration of SOFC technology with turbine
cycleshasalso been analyzed through exergy for a
variety of renewablefuelsprevioudy convertedina
gasification unit or inareformer [12]. Some papers
published recently focuson theenvironmenta andysis
of SOFC systems applying the Life Cycle Assess-
ment (LCA) methodology. Strazzaet a. [13] ap-
pliedtheLCA to comparetheenvironmental impacts
of a SOFC technology running on different fuels
(methanal, natura gas, hydrogen from cracking, eec-
trolyssand biomassgasification) with aconvention-
aly diesd engine power system. Theglobal warm-
ing, ozonelayer depletion, acidification, eutrophica-
tion are some of theimpact categorieseva uated by
these authors. On the other hand Meyer et al. [ 14]
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used the ELCA methodol ogy to assesan integrated
SOFC system to allothermal biomassgasification.
According to the explained above, theintegration
of traditiona technology of sugar production, etha-
nol and bagasse cogeneration with aSOFC hasnot
yet been studied considering theenvironmenta im-
pact. The aim of this paper is an environmental
sustainability analysisthrough LCA and ELCA of a
novel eectricity generation system consistingina
solid oxidefuel cdll unitintegratedinto atraditiona
sugar-ethanol production plants. The primary feed-
stock of the system is sugar cane. Severa opera-
tiona conditionsinthe SOFC system areeva uated
to guaranteethe defined functional unitsand to ob-
tain themost feasible condition.
2.LCAMETHODOLOGY

Inthe present paper two methods of assessing pro-
cessesareintegrated: LCA and ELCA. Lifecycle
assessment (LCA) isamethod to define and re-
ducetheenvironmental load from aproduct, pro-
cessor activity by identifying and quantifying energy
and materia s usage and waste discharges, assess-
ing theimpacts of the wastes on the environment
and evaluating opportunitiesfor environmenta im-
provementsover thewholelifecycle[15,16]. The
exergy lifecydeassessment (ELCA) isused to quan-
tify theexergy input; it allowsthe quantification of
therenewabl e and non-renewable material s needed
inaspecific production system. It also providesthe
basisfor theassessment of the efficiency of there-
SOurces use.

2.1. Functiond units

Inthe present paper two technological schemesare
considered for sugar, ethanol and heat and power
production from sugar cane. Thefirstisthetradi-
tional integration of sugar and ethanol production
processesincluding cogeneration with bagasse. The
second scenario includesthe Solid Oxide Fuel Cell
(SOFC) technol ogy using an intermediate stream
(mix of ethanol and water) from ethanol process.
Thetwo schemesarepresentedin Figure 1

The sugar, ethanol and electricity arethe outgoing
products, aset of 9.86 ton/h sugar, 2.195 ton/h of
hydrated ethanol (96% ethanol) and 847 kWh of
electricity obtained from the sugarcaneisconsid-
ered asfunctiona unit.

2.2. Description of the studied cases

2.2.1 Scheme 1. Traditional sugar-ethanol factory
Traditiond sugar production, with ethanol produced
frommolassesviafermentation and distillation, and
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steam and d ectricity production from bagasse com-
bustion were considered in the scheme 1.
Thesugar factory hasacanemill capacity of 105.00
ton/h, obtaining for this9.86 ton/h of sugar, 4.12
ton/h of molassesand 31.50 ton/h of bagasse. The
operation of thesugar mill is100 d/year.
Thenon-sugar impuritiesof juiceare separated in
theflash tank and dlarifier by theaddition of severa
chemical additivesaslime, sulfur, anong others.
With respect to the ethanol process, chemica com-
ponents used are nutrients (urea, sulfuric acid, etc)
inthe saccharomyces cerevisiae yeast growth. The
fermented liquor has around 4-5 %w/w of ethanol
concentration andisdirected to thedistillation pro-
cess. Theinstalled capacity of thedistillery is550
hL.day* of hydrated ethanol (96 °GL ), being mostly
used by theliquor industry, in pharmaceutica appli-
cationsand inthechemical industry.

Steam and dlectricity are produced by bagasse com-
bustion (31.5 ton h), steam cogeneration and
supplemented with other fuels(0.105ton h of die-
sd). Thefluegasesare considered asharmful emis-
sions, their composition and quantitiesareobtained
from alocd factory and completed usng smulation
data by A spen-Hysys. Bagasse with 50% of mois-
ture content, 23.50% of carbon, 3.23 % of hydro-
gen, 22.00 % of oxygen and 1.25% of ashwasas-
sumed according to laboratory characterization. The
surplusof eectricity (315 kWh/hr) isdistributed
along of the Nationa Network.

The ashesfrom bagasse combustion and thefilter
cakefrom the sugar processare used to substitute
chemica fertilizers (avoided products) inthe agri-
culture stage; such asurea, triple super phosphate
and potassium chloride[4]. Wastewatersfrom the
sugar and ethanol processes aretreated by means
of abiologica process(oxidationlagoon), usingthe
liquid product inferti-irrigation, avoiding the use of
fresh water and fertilizers. Duetoitshigh protein
content, yeast waste is considered as an avoided
productsasanima feed.

2.2.2 Scheme 2. SOFC technology integratedin a
sugar-ethanol factory.

In Scheme 2, a SOFC system isintegrated in the
traditional sugar cane-ethanol production asfollows.
From the ethanol process, 0.310 ton h'! ethanol (56
% wiw) istransferred to the SOFC that produces
1.6 MJ/h heat (in exhaust gases), 486.18 kWh/hr
electricity and 2.248ton h'of emissonstoair.

The SOFC system consists of a vaporizer, are-
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former, fuel cell and post-combustor. Inthe vaporizer, theliquid mixture (water and ethanol) isvaporized
and preheated beforeto thereformer inlet, whereisconvertedinto synthesisgases. Themixtureleaving the
reformer isfed and oxidized with air within asolid oxidefuel cell module; obtaining € ectricity, heat and
exhaust gasesby an electrochemical conversion. Finally, thefuel cell depleted gasesreactsinto apost-
combustion unit tofulfill theenergy requirementsof the process.
Input and output datafor this SOFC system have been cal cul ated based on theworks of Arteagaet al. and
Casaset al. [17,10]. Critical isthe ethanol steam reforming stage: changes of operating temperature and
thewater-ethanol fed molar ratio affectsitsefficiency and henceitsenvironmenta performanceaswell.
Therefore, four operational water-ethanol fed molar ratios(R, ) areinvestigated, resultingin dternative
2A, 2B, 2C and 2D. For each of these alternatives, operationsat four different operational reactor tem-
perature (T,) are considered, resultinginto 16 variantsfor scheme 2; e.g. a R, =5, operationsat 823,
873,923 and 973 resultinthefour aternatives2A 1, 2A2, 2A3 and 2A4, respectively..
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2.2Environmenta Impact assessment

2.2.1 Selected impact categories

Most environmental concern at theinternational
level hasfocused over thelast couple of decades
on global warming. Thismakes also sensefor cane
processing: themain environmenta impactsresult-
ingfromthelifecycleof sugar, ethanol and e ectric-
ity correspondsto atmospheric emissions. There-
fore, thelifecyclegreenhousegasandair pollution
are considered asthe main impactsin the present
paper, being represented by CO, and NO, equivar
lentsrespectively.

The greenhouse gases emissions resultsfrom al
greenhouse gasflow rates are brought back to the
samebasis, namely CO, equivaent, by using their
globa warming potential (GWP). The GWPevau-
ated over 100yearsisequal to 1 for carbondioxide
(CO,) and 21 for CH, [18].

Direct emissonsareca culated from thesysemmass
Inoeageordingto

mee = (17 GWR))

Where: f7# jsthetotal greenhousegasemission
of thesystem (kg ., h), f;**° isdirect emission
of agreenhousegasj intheconsidered system (kg
h'Y); GWP istheglobal warming potentia of green-
housegasj (kg w002 kg™); n: pollutant emission num-
ber.

CO, emissions produced by bagasse combustion,
ethanol steam reforming and the exhaust gases
SOFC burned are balanced by atmospheric CO,
absorbed during biomassre-growth. However, the
bioenergy productionto someextend still relieson
the use of fossil energy and isnot carbon neutral.
TheAir Pollution (AP) isdetermined based onNO,
weighting coefficients[18]. Inthiscase CO, NO,
andVOC arecons dered aspollutants. Theweight-
ing coefficientsfor CO, NO _andVOC are0.017,
1.00 and 0.64 respectively.

2.2.2 Resource utilization assessment.

Several researchers have suggested that the most
appropriate meansto correlate resource utilization
isthrough exergy. It allows oneto characterizethe
full set of natural resourcesused alongthelifecycle,
e.g.intermsof renewability, anditisalso ableto
analyseshow efficient resourcesare converted into
products. Exergy isameasure of thedifferenceof a
system’s state in relation to the reference environ-
ment and hence representsitsresource potentid to
be utilized. For the present analysisatemperature
of T,=298.15K, pressure P=1.013 bar and the

)
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atmosphere composition of 75.67 % N, 20.35
%0,, 0.03%CO,, 3.03% H,0 and 0.92 %Ar are
assumed asreference environment [19]. Freshwa:
ter and air exergy content isconsidered null at am-
bient temperatureand pressure.

Inthe present paper therenewability parameter of
thedifferent dternativesare cal culated. Therenew-
ability parameter (8) isdefined astherelationship
between the renewable exergy consumption
(R ) and thetotal exergy consumption of

Re newable
process(R™ ), whichisshowed inthefollowing

Total

equation:

o Z%Re neymlet (2)
R ot . o

Thetotal exergy’¢onsumption of anindividual pro-

cess can becalculated asasum of all theexergetic
streamsused in each dternative, including both re-
newable and non-renewabl e resources.

Thesugar caneisclassified asarenewableresource,
whilethe additives (lime, floccul ants) used inthe
sugar juiceclarification, chemicas(HCl and NaOH)
to clean equipments, the nutrients (ureaand H,S)
added in thefermentation stage, aswell asfud oil
necessary to supply the heat and € ectricity demands
are considered as non-renewabl e resources.

3. RESULTSAND DISCUSSION

3.1 Inventory

Theresultsof the material and energy balancesare
the base of the assessment in each alternative.
Theprimary datainventory of thedternatives 1 (Alt
1) and four scenariosof the 16 variantsderived from
aternative2 (Alt 2A1, 2B2, 2C3 and 2D4) isde-
picted intheTable 1, showingal resources contrib-
utingtotheindustrial stagesuch as:

i) Renewableresources: sugarcane, water, air.
1)) Imported (from outside of the system and
usudly non-renewable): fossil fuels, coolant, lubri-
cant ail, yeast and chemical additives.

3.2 Global war ming potential.

The comparison of thealternativeswas carried out
usingthreecriteria environmenta impacts(GHG and
AP), exergy efficiency and renewability parameter.
The CO,, green house gasses (GHG) and air pollu-
tion (AP) emissionsaresummarized in Table 2 for
all theexplored dternatives.

Thetotal CO, amounts emitted to the environment
exceeds 26.00 ton, h*, inall studied cases. The
Alternative 2 (sugar-ethanol-SOFC) presented
higher values (27.247 tON. e ht) at al operational
conditions. Thebiogenic CO, arehigher inthe sec-
ond dternative (variantsfrom 2A1to 2D4) thanin



Centro AzUcar 38(2): 74-83 abril-junio, 2011

Alternative1 (1.494ton,.. h?).

Ascan be seen, higher greenhouse gases (GHG) emissions (0.646ton_, eqh'l) areobserved for Alterna-
tive 1. Thisdifferenceismainly dueto additiona exhaust gasesfrom non-renewabl e resource combustion
(diesdl) installed tofulfill agap of 531.71 kWh of electricity (63 % of thefunctiona unit). Astheinput of
fossi| fuel energy islowered, the CO, emissionscontributing to the GHG are reduced.

The integration of the SOFC power plant with a conventional sugar—ethanol process has a positive effect
on GHG emissions. The GHG emissionsreachesvalues of 0.309 and 0.289ton. ., h* for the variants
2A1 and 2D4 respectively, allowing reducing the CO, emissionsin 0.360 tonmeqh'1 incomparisontothe
maximum reported for theAlternative 1 (integrated sugar-ethanol factory).

Table 1. Primary data inventory for the production of sugar (9.86 ton/h), ethanol (2.194 ton/h) and electricity (847
kwh).

Unit Alt1 Alt 241 Alt 281 Alt 21 Alt 201
Input
Cane Ton/h  105.00 109.582 109.82 10982 109.582
Lime hydrated Ton/h 0068 0.071 0.071 0071 0071
NaOH 50% inH0 Ton/h 00015 0.0016 0.0016 0.0016 0.0016
HCl 30%in H;0 Ton/h 0116 0122 0122 0.122 0122
Ammonium sulphate Ton/h 000037 000038 000038 000038 000038
Sulfuric acid Ton/h 0077 0.082 0.082 0.082 0.082
River water Ton/h 8960 80.27 80.27 80.27 80.27
Air Ton/h 14036 14197 141597 14197 14197
Yeast Ton/h 0280 0.294 0.294 0.294 0.294
Urea Ton/h 0036 0.037 0.037 0.037 0.037
Digzel Ton/h 0223 0.1093 0.1092 0.1066 0.1076
Lubricant Oil Ton/h 0573 0.0330 00322 0.0197 00245
Coolant Ton/h 0071 0.0041 0.0040 0.0024 0.0031
Qutputs
Sugar Ton/h  9.86 986 9.86 286 986
Electricity kWh 847.00 847.00 847.00 84700 847.00
Ethanal {96% H,0) Ton/h 2194 2194 2194 2.1%4 2.194
Ash? Ton/h 7875 841 8.4l 8541 .04l
Filter cake® Ton/h 2194 2295 2295 2.285 2.295
Wastewsater® Ton/h 15043 15421 15421 154171 154121
Yeast waste® Ton/h 15149 15845 15845 15546 15845
Emissions to air
Particulate material (PM) Ton/h 3150 31.94 3294 32.94 3194
Nitrogen oxides Ton/h  0.089 0.001 0.081 0.081 0.001
Tofal €O, Ton/h  26.080 172474 171470 ALY 17162
co Ton/h 0144 0.162 0161 0.159 0.158

' &voided products

79



Centro Azlcar 38(2): 74-83 abril-junio, 2011

Tablz 2. Greenhouse gases (GHG) and air pollution [AP) emissions (tonqnp », hand tonyg, ., N respectively).
Alternatives Totalyg; Net mgyg Mo My P AP
Alternative 1 26,080 0.646 0.0024 0.054 31.50 0.0564

Alternative 2A1 17.247 0.309 0.0027 0.055 3294 0.0577
241 17.246 0.305 0.0026 0.055 32.94 0.0576
2A3 17.247 0.301 0.0026 0.055 3294 0.0576
2A4 27.232 0.291 0.0026 0.055 3294 0.0576
Alternative 281 27.246 0.309 0.0027 0.055 3294 0.0577
282 27.246 0.204 0.0027 0.055 3294 0.0577
283 17.247 0.301 0.0026 0.055 3284 0.0576
284 27.231 0.290 0.0026 0.055 3294 0.0576
Alternative 2C1 27.241 0.302 0.0027 0.055 3294 0.0577
202 27.243 0.301 0.0026 0.055 3294 0.0576
203 17.240 0.299 0.0026 0.055 3284 0.0576
24 27231 0.290 0.0026 0.055 3284 0.0576
Alternative 201 27.246 0.304 0.0026 0.055 3204 0.0576
202 27.245 0.302 0.0026 0.055 32.94 0.0576
203 27.239 0.298 0.0026 0.055 32.94 0.0576
204 27.230 0.289 0.0026 0.055 32.04 0.0576

The previousmentioned isclosdly rel ated to the conversion of an ethanol/water mixtureinto synthesisgas
and power to fulfill thefunctional unit (847kWh). The syngas produced in the reforming reactor and the
post-combustor off gasesincl udes biogenic CO, to thetotal massbalance (0.58 kgcozaq h*kW* produced
by SOFC) but not to the GHG category. Overdl, GHG emissionsarereduced by 52 (Alternative 2A 1) to
55% (Alternative 2D4) when compared with Alternative 1.

All the studied alternatives show important contributionsto air pollution; mainly dueto the particulate
matter and CO emissions produced i n the bagasse conversion oven, caused by theturbulent movement of
combustion gaseswith respect to the burning bagasse and resultant ash, aswell as, theincompl ete com-
bustion of bagasse. No significant differenceis noticed between thevariants of Alternative 2, dueto the
variationsof CO emissionsassociated to the SOFC are neglligiblewith theincrement of T andR, _. This
performanceisassociated to thekinetics of the ethanol steam reforming and thefuel cell electrochemical
model [17]. The emission of particulate material (in Table 2) isdrastically increased between thetwo
scenarios, taking valuesof (Alt 1) 20.216ton,,, . hand 21.143ton,,, W (Alt 2A1) respectively. This
increaseisassociated to the environmental burdensall ocation corresponding to the production of 0.180
ton h of extraethanol by means of aConventionally Supplementary Systems (CSS) and incomplete
combustion of bagasse.

Ontheother hand, the effects of thereforming reactor operational parameterson the GHG emissionsand
APwered so analyzed. The GHG emissionsarereduced when temperatureincreasesfrom 823.73K to
973.73 K and when water to ethanol molar ratiosincreasesfrom5.0t0 6.5, resulting into lower emissions
at973.73K andR,_ of 6.5 (variant 2D4). Sincethe emission of the particul ate matter israther constant
for al studied cases, thedifferencein theAPindicator ismainly affected by thevariation of COand NO,
emissions, which exhibit negligible changesfor al investigated variants considering SOFC integration (2A 1
to 2D4).

3.3 Renewability parameter.
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Figure2

reportsthe renewability parameter for each Alternative. The renewability degree of the alternativesis
associ ated to theamounts of fossil fuelsand chemicals, which in the present paper are considered asnon-
renewabl eresources.

Thefoss| fue and chemical sused to producethe deficit of ethanol and eectricity from CSSareadded to
theinlet stream for all alternatives so that for Alt.1 only fossil fuel used by the CSSisadded, while
chemica s necessary to produce 0.180 ton hr of ethanol areincluded for al variants of Alternative 2. For
thisreason the chemicalsconsumptionsarelower for Alt.1, whilethediesdl, lubricant oil and coolant are
higher for Alt.2 according to the primary inventory datareported intheTable 1.

Thereduction of non-renewabl e resourcesincreasesthe renewability character of the process. Indeed,

Alternatives 2 withintegration of SOFC technol ogy are morerenewabl ethan thetraditional sugar-ethanol
production, obtaining indexes near to0 0.93 and 0.85for Alt.2 and 1 respectively.
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Figure2
. Renewability parameter for each dternative.

Ontheother hand, thefuel cell power isdirectly proportional to the hydrogen obtained in thereformer
(hydrogenyield); and thislast isstrongly improved when the reactor temperatureand R, . areincreased
[10,20]. According to the explanation above, thefossil fuel consumptionisreduced at higher reformer
temperatures and water to ethanol feed ratios, aswell asthe greenhouse gasesemissions. For thisreason,
therenewability parameter isfavored at higher temperatureand R, .. Therenewability parameter reaches
valuesranging from 0.91to 0.93 approximately in all alternativeswith SOFC; the higher indexesare
obtained at 973K and R, _ of 6.5.
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4. CONCLUSIONS.

This paper providesdetailed resultsthat enablean
assessment of theenvironmenta performancefor the
lifecycleof sugar, ethanol and e ectricity from sug-
arcanebothintraditional production pathwaysand
with integration of SOFC technology. Theanaysis
of thesugar and ethanol processesby thetraditiona
method, including cogeneration with bagasse (Al-
ternative 1) and the integration with a Solid
Oxide Fuel Cell technology (Alternative 2) was
performed based on different indicators: global
warming potential, air pollution and renewabil-
ity. It was demonstrated that the integration of
SOFC technology with thetraditional sugar-etha-
nol processand e ectricity using bagasse cogenera-
tion arelikely to be environmental ly superior toAl-
ternative 1, specifically with respect to greenhouse
gasemissonsand renewability.

Sugar, ethanol and electricity from sugarcane are
renewabl e sources of energy only to acertain ex-
tent, since about 15.10 % and 7.6 % of the total
inletsfeedstock comesfrom fossil sourcesfor Al-
ternative 1 and 2 respectively.

Thisenvironmental assessment of SOFC technol -
ogy might take advantage of an analysis of effects
that it may bring forward in other fiel ds, such aseco-
nomicand socid impact anayss.
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