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ABSTRACT: The Mexican economy is highly dependent on the t=qula indnstry, where there are associated several regdnes af
agae (ie, the plat nsed © make =qula), which & hgnocellilosic matter that can be used as feedstock for bioathmal
production. The rasidnes of agave are obtained in the harvesting sites Jocated in several states of Mexico and from the tequila
fctories that are mainly kocated in two plices in Mexim. This paper presents an optimiation famewark for designing 2 mpply
chain for the bioethanal production fom residuss of agawe bagasse abtained in the taquils proessing in Maxia, where central
and distibuted biosthmol processing plants are @mnsidersd. The hioethano] pradodion process in the @niral and distoboted
Pants i madeled acmrding @ conversion fctors for the different processing steps obtainad from experimental data. The
prapased optimizatian formulation also considers the ota awilable agave and the bioethmol demand in Mexico. Several
scemanias are analyzed for the hioethanol production fram agave hagasse in Mexim, where pasitive reslts are obtined fram the
rewse of redduss of agave bagasse for biocthamal produdion, obfuining considerable profits and satisfying a significant demand of

the gasaline required in the ares

1. INTRODUCTION

The agaw is 2 perennid arid plint that consists of thin sheets
aromnd a pinzapple (ar plant head), whose main elements are
fibers, sugars, mineals, and wate. Joie with high onen.
tration of froctose and other vitzmin proparties i naturally
produed in the center of the pinapply ako, agave ha some
f.l.‘t]ﬂ.‘l'ﬁnﬂtﬁ that yield s distinctive taste and smell This way, a
large number of products can be abtained from agave as honay
water, paper, testiles, snezeal [ie, 2 fermented heverape similar
to equili), and taquils Maxica & ans of the zeas with the
greatest diversty of spedes af agave in the warld. Far this
Teasan, agave & ane of the most impartant industr s assadabed
to tequils and mercal praduction, where the agave plant 35 nsed
a5 sowrce of frmentale sgars. The agave i mainly altivated
in the central western part of Mexica [in the staes of Jabisca,
Guanajuato, and Michoadn), and mast of the fctares
assoclated to the tequils industry are bocated in this region.
During the processing of agoe © yield equily several
lignocelludocic reddues from the agave are produced. These
residnes comespond to the stalks that are obined in the
cultivation arezx bequse these are not wed for the tequila
praess, and alsa, thee are ather bpnoclhlasic recdues
abumined in the fatares asociuted to the equli proesing
fram the plant heads afer the fermentation. proess. Nawadays,
the regidues fram the agave penerated in this ragion represent 2
cansiderabl: palution problem becanse thess resdus are not
nszed at dll. However, these lignocelllasic reddnes can be nsed
25 raw mateid to prodoce severd wheadded products,
including hioethanal and salid fod. Purthermars, satisfying the
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fual requirements is 2 serions problam due to the redustion of
adl reserves around the world and the assadated greenhonss gas
emissions. In this regard, Wofnels are expectsd to demeass the
negative emdranmental impact for energy wse. These hiafuels
are produced from homass and wastes with high
cathan anient; far l=, hicethanal 35 ane of the most
aceped biofnds that can be weed as substittion of gasoline
Furthermare, there are several rontes to produce hiosthanal
mast of them through frmenttion Hung et al' stmdied the
effect of hiomass species and plant sze an cellmlasic ethanal.
Dutta et al® presemted an econamic comparisan of different
farmentation anfigurations to abtain ethanal wing vadous
micraarganitms o absare the advantipes with respect o the
canfiguration af the prodocton procsss Aka, 2 techna-
economic anabysis comparing several routes far hinethanal
praduction from com stover and Bgnoclulosc materiaks was
reparted by Kazi et al’ In addition, several chemicl and
biochemial routs have been proposed far the hioethanal
praduction from bgnoelulosic materials such as wheat straw,
waod chips, different bagasse, and others Faparap = al?
propased the otileation of wheat staw to abtain different
binfnels a5 ethanal, h}'d:-ugm{ and hagas via hydrothermal
pretreatment. Cadana ot al’ diseussed the profithiity of
hinethanal pradudion fram lignacelllasic materials consider.
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This papsr propases an optimizaticn-hased approzch for designing raiowater harvesting systems for
domestic uss in 2 residential develcpment. The optimizatica medsl accounts for the implemestation of
rainwater harvesting devices, pipes and reservoirs for the cptimal sitting, collscting, storicg and distribo-
tion af harvested rainwater. The cptimization model consists in satisfying the water domestic demands
and considers as ohjsctive fanctica the minimization of the total annual cost assecizted to the fresh water,

Krpweses: the capital costs for the catchment areas, storzges and pumps, and the cost associated to the pumping,
m]: m::ﬂu:msﬁlm maimtenance and treatmendt. A case study for a residential dewelopment in Morelia, Mexico is presented.
ptimal planning and design The city of Marelia is rh:ral:!:riz.nd far Baving m-mpllra.l:ll:ns .tn satisfy the water d.ema.nd.'i. especially
[ T —— during dry s=asons. The application of the proposed optimiz ation approach shows ihat it is possibl= to
Rarycing satisfr a significant percentage of the domestic water demands using a harvesting rainwater system
decreasing the associated cost in the time borizon. Several scenarios have besn pressnted to show the

potential solstions identified in the case study.
0 2014 Elzsyvier BV, &1l rights reserved.
1. Introduction et al, 2002; Deng et al, 3013; Khor et a1, 3013; Mipoles-Rivera

Wateris ong of the mast valuahle resourcesin the warld; dusto
its vital role in life, recently the water demands have dramaticzlly
increased due o the population growth 2nd 2iso to the change in
the precipitation patterns because af the climate change. This way,
there are szveral highly pogulated regians of the warld whena
theteis water scarcity. This has maotivated the development ol har-
vesting water strategies ta sxtisly the water demands {Aboulla and
Al-Shareef, 2009; Appan, 2000; Chilton et al, 20000 In the industry,
seyeral strategies for water reuse, recycling and regeneration have
been propased in order to satisly speciflc demands and this way
ta redioe the consumption of freshwater (see far examples Deng
and Feng, 2001; Fu et al., 2012; Kg et al., 2010; Yo et al, 2013).
Tarticularly, mathematical programming-based teciniques have
represented powerfiel taals for the optimal design of industrial
Water netwarks reducing the fresh water consumption and the
wastewater discharge to the environment (see Rurgara-Maontera

* Correspending author. Tel: +52 443 322350001 I77: L +52 443 3173584,
E-maT asdnesses: jmponos@umichms, joess_marid_pancesshnouocm
(] M. Pomce-Jriegal.
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et al, 2010, 2012; Ponce-Ortega et al., 2011, 2012; Rojas-Tormes
et al, 2012; Rubip-Casro et 21, 2000, 2011, 2012, 2013, Sotelo-
Pichardo et al, 200 1; Vazquez-Castillo et al, 2013} On the ather
hand, the water consumption for damestic use represents around
10 of the totz] fresh water demand in the world, and satislying
these domestic demands TEQresents 2 major prodlem in places
with water scarcity. In this context, seweral strategies have been
implemented to satisfy the domestic wateT demands imvalving
rainwater harvesting as shown in Fig. | {522 Domé@nech and Sauart,
2011; Doménech et al, 20012; Gikas and Angelakis, 2009; Hadadin
et al, 20100 Li et al, 2000 Morales-Finzdn et al., 2002} however,
these strafegies have been based an heuristic approaches that
frequently 4o not produce an agtimal sclution for the addressad
problem. Recently, several systematic tediniques ta satisfy the
domestic wateT demands based an the aptimal storing and distri-
bution far the available water have been progosed. Khastagic and
Jayasuriya {2010} presented 2 madel for the optimal sizing af tanks
for raimwater with domestic purpases. Imbeaz et al. (2011 pre-
sented a decision SUpRort tool far STing raimeater tanks assacizted
to large raofs. Liu 2 al. (20117 presented a mixed integer linear
programming madel for wsing desalinated water ta satisfy dames-
tiC Bemands. Atilnan ot al (2012) presented 2 system-integration
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Abstract- Weod milling is ap intensively ensrgy consuming operation that has a significant effect on epergy vield of ethanol
producton processes as partcle size is an imporant factor in prodoctvicy of saccharifcation methods. Fiber partcle size was
apimized for a very wide moge of oeatment conditions (=mpermiurs, agifabon, and solid leads) for acid bydrolysis in a batch
reactor. Also, bsat and mass gansfr efects were analysed by caloulating the Thisle and Prater modulos at exparimental
condiions. Multivariate opimization results show that using a length-weighted fber mean diameter (I, 5,0 of 1.21-2.68 mm, a
batter suzar yisld, concenmation and lower fiuran producton can be achizved. Azimrion allowed a sioultanscns particle size
reduction and bydrolysis of polysaccharides. Heat and mass oansfer smdies suzzest thar arid diffasion is only mparman: for
hemicelilpse hydralyzis ar very high temperanire and that particles are nearly isptherpal. These results show thar abour 30%
af the required energy for milling can be saved by using optimal partcle size.

Reywords- Weod, ethaned, 2cid hydrolysis, sacchanficadon

1. Inmtroduction

Bioethanol Tom ligmecslnlesic biomass is ons of the
most premdsing techoologies for fasl producton becawse of
the abundance of ligrocelbilosic biomaszs [1, 2], s very low
nst gresnhonse Zases emdzsions and its renewabdlicy [1, 3, £).
To prodoce ethapol from Hzpocellilese biomazs it is
negessary  to hydrolize Hs  smocnal | polysaccharides
{celtwlase and hemirsliilnce) to monomer sugars {mainly
glucose and =ylose) so they can be femmented by
microrganizms. Altoush thers are severm] metheds of
Irydrelysis including acid, enzymadc, steam explosion and
mirrewave meatments, arid hydrobysiz is ons of the most
Fequendy used method dus to it techoological readiness
[2.5]. In thiz process lispocellulosic biomaszs is eated with
am acid sohrtion fo break the glvoosidic bond o the celulese

and bemicelinkose chemical srocfore by the addifon of a
water molecols. In this reaction a profon from the acid
solution catalyzes the hydrolysis of the glvcesidic bonds. Az
hydrolysis takss place, monomeric sozars also ars cooverted
to degradation prodocts like furams, fe firfural and
hydroymethyforfimal (HME), which are inhibiters for the
sub;euu.eni farmentation process [6, 7). Hydrolysis of
cellulose and hemicelluloze from biomass i 2 heterogensans,
olid-liquid reacten Some studies in combnoous reachors
reparnt A fow mate-dependent reaction rate [29], negabve
afects over suzar yield at bigh solid leads [10]; deviatons
fom Arbenins mode] prediciions on teompstabmae chanszes
[11] and effects of cellukze ays@aline ind=x in hydrolyzis
IEaCHon s [11I.1] However studiss in this area are
limited. Particle size in wood hydrolysis is imperfaot for
bath, reaction mte and yizld to monomeric sozar, and alse for
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B Supporting Taformation

ABSTRACT: The Mericm sconomy is highly dependent on the =quil indnstry, whers there are ascociaeed saveral reddues of
agave (ix, the plant nsed © make wqula), which is bgnocelllosc marter that can be nsed as fesdstade for hisathmal
praduction. The residnes of agave are obtained in the harvesting sitss located in several staees of Mevico and from the taquila
ficmrizs that are mainly located in two places in Mevim. This paper presents m optimiztion famewark for degigning 2 spply
chain for the hisethanal production from residues of agave bagawe abtained i the taqnila proessing in Merim, whare central
and distributed hinsthanol processing plints are mnsidered. The hioethano]l prododion process in the @ntral and distriboted
plants is madeled acmrding o canversion fictors for the different processing seps obtained fram imental data. The
propased aptimizatian farmmlition abo consgders the otd awilahle agave and the biethanol demand in Mexico. Sewveral
scerarios are arahzed for the bissthanal prodoction from agzve hagases in Mexim, where positive remits are obtiined from the
rense af residues of agave bagasce for hisethmal produdion, shtiining considerable profits and satidying 2 sigmificnt demand of

the gasoline required in the area

1. INTRODUCTION

The agave is 2 perennial arid plant that consists of thin sheet
around a pinzapple (ar plint head), whoss man elements are
fibers, sugars, minarals, and wate. Joiz with high @nen-
tration aof fructose and other vitzmin properties is naturaly
pradozd in the conter of the pinappls ko, spave has some
fat particles that yield 1ts distinctive taste and smell This way, 2
large number of products can be abtained from agave as haney
water, paper, textiles, mezcal (ie, 2 fermented heverage smilar
to equili), and tequils. Mewico i ane of the aeas with the
gratest diversity of spedes of agave in the warld For this
TELSAN, aFave is ane of the most impartant industres assadated
ta tequila and mezcal production, whers the agave plant is nsed
a5 sowrce of Ermentahl: sugars. The agave is mainky ontivated
in the central-westen part of Mexico (in the stats of Jalisca,
Guamnajuata, and Michoadin), and mast of the Gctanes
amocated to the tequls indwstry are located in this region.
During the processng of agoe © yield equly  several
lignacelnlwic reddunss from the agave are produced. These
residnes corespand to the staks that are obbined i the
cultivation aress heguse these are not wed for the tequila
praess, and alsa, there are other bpnocllosc resdoes
abhinsd in the factariss ssocated to the qul procssing
from the plant heads afer the fermentation proess Nowadays,
the regdues fram the agave penerated in this ragion reprasenta
cansiderable pallotian problem becanse these redduss are not
nsed at dl. However, these hgnocell adc residues can be nsed
a5 raw matena to prodoce severd wheadded prodocts,
including hisethanal and salbid fod. Porthermars, satidying the
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fuxl requiraments is 2 serions problem due to the reduction of
ol reserves around the world and the assadated gresnhounse gas
emivions In this regard, hiofueks are expected to degease the
negatve emironmenta] impact for energy wee These hiafoeds
are produced from hiomess and ic wastes with high
carban @nient; far Iz, hicethanal is ane of the mast
acepied hiafnds that can be wed a5 suhstitation of gasoline
Purthermare there are several rontes to produce hiosthanal
mast of them through frmentition Hung ot al' sindiad the
effect of 'h:ramﬁs species and plant sze an celmbeic ethanal.
Dtz ot al® presented an ecandamic comparison af different
fammtation mnfiguratons to abtain ethmal odng vatons
micraarganiams f obiewe the advanbiges with respect to the
canhguratiaon af the pradocton process Ala, 2 techna-
coonamic amalysis comparng sevemal routes far hinethanal
productian fram cam :rl:-m‘-u' and bpnaelluasc materals was
re:p-u'bbd.'hyﬁmet.il In addiion, several chemizl and
hiachemizl routs have hesn :p:rqmm:l far the hinethanal
production fram bgnoeliag: materids such as wheat straw,
waod chips, different bagasse, and others Kaparam = alt
propassd the ntlizasion of wheat staw to abtain dfferent
hinfoels as zthanal, h}'\d:ugm{ and hagas via hydrothermal
pretreatment. Cardana ot al” discussed the profitshidity of
hioethanal produdtion fram lignacell anc materials cansdar-
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This paper propasesa mathematical programming model for the pallution trad ing among diff=rent palls-
tion scurces which considers the sustzinability of the surrounding watershed. The formulation imvohees
the mimimization of the costs assoriatsd to the implementation of the required techmology to satisfy
the enviroomental constraints in arder to adbiswe optimal waber quality conditions. The mode] us=s a
muateriz] flew anabysis technique to reprezent changes on tke bebavicr of the watershed due to the pal-
luted discharges. The material low anabysis considers all discharges and extractions (Le., industrial and

mumin; residential discharges, phivial precipitation, evaporation, etc) as well as the chemiczl and biochemical
Meaterial o analysis reactions taking place in the watershed. In the context of polhution trading, the implementation of the
Optimization proposed formulation determines if an industrial source must buy credits o compensate the viclation
Waiershed af envircamental constraints, or i it requires the installaticn of treatment technologies to safl credits o
Sustzinatie d=sign another source. The formulation was applied toa case stiudy iovolving the drainage system of the Bahr
El-Bagar region in Egypt; the results show the advantages of the proposed approach in tems of cost and

sustaimability.
£ 201 4 Elsevier Lid. All rights reserved.
1. Imircduction Erupnick, Palmer, & Toth, 2005; Burtraw, Kroprick, Mansur, sustin,

Current econamic ﬂ-'."."l:lﬂpl'l'ﬂﬂt ]}CIli.{iES must consideT the sus-
tzinability of the systems undeT analysis. Sustainability includes
enviranmentzl isswes and social welfare. Important effars hawe
been made recently to improwe the environmental quality and
variaus envircamental ]TIBI'IEEI:‘TI.'IEI.'IE FIDTiL'i.ES have been i.TI.'IFI|I'.“-
mented. The command and control Flliiljﬁ and those Pragrams
that use ecanocmic incentiwes for enviranmental L'I:lTl'IFlll.EITI.-EE. 21ch
25 pollution trading, are amang these strategies. The pollotion
traging cancept is attributed to Crocker [1965), Dalkes [ 1968) and
Monigomery [ 1972). Former applications of this market strategy
havebeen the trading of S0y and N0y emissions for acid 1ain contred
{Ferral, 123 1] with positive effects{Burtraw, 1905: Burtraw, Evans,

® Correspending suthor at: Insibobe Temnﬁg.i\:n:- ge Celaya, Depariamenio de
Ingenisria Quimica, Avemida Tecnoligion ¥ Gancia Cubas 5/M, Celrya, Cuarajain
AB0I0, Mémicn, Tel: +22 77171 130 73 Tz <52 TF171 13350,
E-mail acdresses: . pacclopesegmail.oom, ig.paccio pa $hotmad. com
[F. Lépee-Willamaan)

O00E- 135415 - sea frant matier ©2 2014 Elsevisr Lid. Al righs recemed.
htips) ddoiorg 101015 prompchemens 201400 005

& Farrel, 1938; Burtraw & Mansur, 1539). The beneflts oheained
from the implementation of this stratepy ares (i) signifcant cost
reductiansTelted to pallistant treatment, {ii) Nexibiliby to discharg-
&3 in meeting poliutant load reguctions, (i) creation of incentives
for comtral beyand current limits, (iv) pramatian af technological
innovaticn and :I.":I:il.'l'u"l:itl.'lfl-'_"l'l.‘t to obfain credits and extra ]}L’ﬂﬂE.
Additional environmental benefits (such 25 impraved wildlife and
co-coniral of ather poliutants) have zlsa been reported (Rousszauy,
2001; USEPA, 2004). This Strategy has 2o been used in water
quality cantral with sweocessial resalts (L2l at a1, 2002 Roussaay,
2001; Selman et al, 2009; Smajgl, Heckoers, Ward, & Stratron, 2009;
USEPA, 2D08; Woadward, 2002,

Literahure reports several models b describe the frading mech-
anisms bebween FID]|LIﬁ.{Il'I saurces. some of the madels consider
podlutant nonpoink soarces (Ghosh, Ribaudo, & Shortie, 200 1; Lua,
Magsood, Huang, ¥in, & Han, 2005; Wang, Zhang, Huang, & Li, 2004
Zhang & Wang, 2002}, market egquilibrium and permits (Hoseit,
Carrara, B Massetti, 2009; Hung & Shaw, 7005; Innes, 2007, Alsa,
recent warks .3I'I.3|:|'IE the efTect ol mare l.'EII'I'IFIh'."x issues in the trad-
ing paticies, sach as pallutant dynamics and pallutant imeractions
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Article listory: ‘Water scarcity is ansof the main concerns of several countries armund the world. In this conteat, seweral
Rereived X Angust 2013 approaches have been proposed for resource conservation and available water augmentation through
““”"’ﬁ gmur;:m 1 hiay 2014 specific actions sch as process int=nsification and the uss, reclamation, reuss, and raopde of alternative

water sources. Nonetheless, there are no reported methodelogies aptimizing the multiznnual planming
of water usage, discharge, reclamation, storage and distribustion in 2 macroscopic system consid=ring
matural and albermative water sources. In this paper. a multi-period mathematical programming model
fior the optimal planning of water storage and distribution in 2 marrosoopic syst=m is presentsd. The
model addresses impertant faciors such as population growth, change in the time value of moaey and
change in the precipitation patterns. The propossd model is applisd 1o the case of a Mexican city. The
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Eapwards:

Wwater

Water harvesting and reclzmation
Diptimal ‘waber use

ot aginahbe water nse resulis show important adwardages from the sconomic and sustainability paints of view.

Opt il water storage and distribotion in 0 2014 Elsevier Led. All rights ressned.
rilies

1. Introduction cxse, they do nat consider steam TEgeneratian andjoe cannat

In the recent years the cancern for the overexploitation of water
badies has stimulzted research in the Neld of water canservation
and resource Jugmentation. This phenomenon has been driven by
human fzctors such 3s papulatian growth, industrial develapment,
life standard enhancement, icratianal use of the resources and cli-
mate change. Butalso due to natural cawses like uneven distribution
of the water in the warld and geagraphiczl limitations {far exam-
ple in the case ofislands and zrid regions). The main facus of recent
research efforts is the resource conservatian and water augmenta-
Lion through specific actions such 25 regeneration, rease and recycle
of water. Thess strategies hawe been sucoessfully implemented in
theindustrizl context by several authars. In this context, Foo (20097
presented an extensive review of pinch-based technigues far water
network SYNthesis in continuows processes. Although pinch-based
techniques have shown being ws=fal, they have at least cne of the
following limitations: they are suited only for small or medium
size probiems, they aregenerzlly limited to the single contaminant

* Coorespomding aothar, Tels +53 243 AITIERE; doc +57 443 ATT3584
- ma i ededreseess fapolessd umechumy, GhniconapalesSyahmoomumm
IF. Mapoles-Riveral.

hitpel e doiorgd 100101 Blj.compohemensg 201 4005026
DOOE-1 354 € 2014 Elsevier Lid. All mights resenved.

inclode multiple fresh utilities: thos several zuthars have pro-
pased mathematical programming aparoaches to avercome these
limitations. This way, Gouwws of al. (2010) presented 3 Teview far
water minimization technigues involving baich processes. Further-
mare, [erowsk (2010) presented ancther review rewarding water
netwarks using graphical and mathematical programming tech-
nigues. Maore recantly, the synthesis of water networks has been
extended for the case of industrial complexes (Le. eco-industrizl
parks). This way, Chen et al. [2010) consideted the problem of
interplamt water cotimization with central and decentralized water
Mains: they cansidered (wo S2parate objectiva TINCHons: Teducing
the wateT consumption and reducing the totzl anmual cost of the
nebwark. Then, Rubio-Castro et 2. {201 1) 2150 consideTed the syn-
thesis ol multi contaminant water nebwarks in an eca-industrizl
Park. Tudor and Lawnic (201 1) praposed an approzch o minimize
simuoltanedusly the water consumption and the operzting cost
These warks hawe been successhully extended by severz] authars
(522 (DT @XAmple Eurgara-hianterd et al., 2013; Lira-Barragdn et al,,
2000, 2011, 2012 Martinez-Gomez et al, 2013) throogh mathe-
maticzl pragramming approaches ta cansider the probliem of water
netwarks and its iMPact in the SICTIUNGing Watersheds: these
madels are Ao multi-gnjedive optimization problems and nave
takenintoacoount different aptimization criteria sudh 25 ecanomic,
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Optimal Planning of Supply Chains for Multi-Product
Generation from Municipal Solid Waste
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JmponceZumichmy

In recant years thera has been Increasad the amount of ganerated municlpal soiid waste In most of the
developing countries, where the wast2 management sysiems are not adeguale bacause of lack of
organization and Infrastructure. A speclal case Is Maxico, where the municipal solld wasie management is
responsiblity for the govemment; however, the waste management In Maxico s not adequate dus to the
Iack of landfils and culture about of waste saparaton.

In this regarg, this work proposes a mathematical modal for e optimal planning of supply chains basad
on municipal solld waste, wher2 saveral processing technologies %or differant waste 3s wel as the fotal
costs for the entire waste management network are consldared. This planning prodlem Is mathematically
formulated 3s 3 multi-odjeciive opiimization problem that seeks to maximize the net annual proft
(economic odjeciive) and minimize the envionmenial Impact, which Is measurad through e percentage
of the tota utilzed wasta respect 10 the waste that can be usad as raw matedal.

The proposad optimization approach was applied to 3 c3se study i Mexico. The resuits show that It Is
possidie to Implemant 3 supply chaln for using municipal sollg waste that maximizes the net profit of the
network reducing significantly the Impact to the environmant. Furthermore, e results are shown through a
Pareto curve that can be usad by decision makers to Implemant 3 network for waste procassing to obtain
muzple products In piaces where there Is not any waste management sysi2m at all.

1. Introduction

Municipal soild wasiz managament Is 3 challenga for authorties of cizes In developing countries, malnty
due 10 the Increasing of waste generation (Abarca-Guemsro et al, 2013). This Is @ sarius problem In
countries llke Mexico because the slze of landfliis Is not sufclent, the waste disposition Is not adeguate,
and the garbage s mixad wih several racyciable and mon-recyciadle materials, whlch Increasss the
separation costs and makes the wasta recycling process more dificult. In this way, several altarnatives
have been proposed to solve the wasta management prodlem from dfferent points of view. For exampie,
Antonlond €1 &. (2012) simuated a two-stage dry flu2 gas cleaning process for 3 municlpal solld wasta
Incherator and Kropaé et al (2013) developed a simulation modal for waste-to-enargy production.
Furhemore, a wastz managemant sysiem can be addressad as 3 supply chaln dasign problem; In this
conxt, Young et al. (2013) presentad an approach for evaluating and designing sustalnadle supply
chalns based on waste. Furthemmors, Cudek et ai. {2012a) presantsd an approach to raduce tha numbar
of objectives In multi-objectve optimization, and then Cudsk et al. (20120) applied this approach for
blomass-to-energy supply chalns. Vamanov et al. (2012) analyzed the energy genseration from waste.
Somplak et al. (2013) Iinfroduced an Interesting approach %or faclity planning In the flzid of waste
managemant, where the goal was 0 obiain the minimum cost for the municipal solid wasi2 treatmant In
municlpaliies. In this way, the supply chalns focusad on the wasie management should conskier Me
waste genaration, collzction, separation, transportation, conversion, dstibution, and waste Misposal %or the

Pleaza oite tris artcle 32 Sansbaflez-Aguiar J.E., Fonce-Ortega J M., Gonzslez-Campos J.3_, Sema-Gonzaléz M., E-
Hawagl M.M., 2014, Cptmal planning of supply chainz for mutiproduct generadcn from municipal zoild waste,
Cramical Engineerng Tranzactions, 42, 53-60 DOL103303CET1442010
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Hiarefineries appear o be 2 wiahle solution © replaces traditional fossil fudd refineries, but their imples
menfaton requires the exploratson of several aspects, incduding feedstock selecrion, processing roues,
producs, hareesting sites, processing and markss, as well as numerous other sustanability crieria. The
optmal salurion © thess problems is not immediately obvious. Therefone, this sudy presens an optis
mizaion maode] to design and plan sustainable borefinery supply chains that considers numerous
mlevant issues These izsues include the multiple asailable biomass fesdsoclks at anouws harvesdng
sizs, the aailbility and ssasonality of hiomass resoumes, different poenrial geograp hical ledons for
processing plans that produce multip b prod uss using diverss producoon technologies, smnomis of
zaale for the producton =chnokgies, demands and prices of multple products in each markst, kecations
of smrage fidlides and a number of fransportation modes betwesn the supply chain components
Susminahilify considerations are inmorporated into the propossd model by incuding simul@neous
ecanamis, emviranmental and sodal performancedaa in the esahation of e supplychain designs The
profilam was formulasd 25 2 mult-ohjecies, mul-period, mixd-imeger inear progam that sssks ta
maximiz rhe prafic of the supply chain, minimize its envinonmental impacs and maximize the number
of johs generamd by it implementaton The envirommental impacs was measursd by the Eoos
indicarors aocording @ the lfecpds assessment schnique and the soedal objecdve was quantifiad
by the number of jobs genaasd The Faren-opdmal solumions were obgined using the econstrain:
method o dllustrare the capahiliges of the propossd multi-siz system modz], a css study was pre-
saned that addresses the optimal design and planning of 2 biorefinery supply chain o fulfill the ex-
pected =thanol and hiodiesel demands in Mecioo The msuls indicate thar oosteffectie and sustainahle
solutions can be oh@ined that satsfy Mexican demand by choosing feedstocks that ane availahle years
mund and do not significandy adwersely impac the envmnment Furthermore, the mumber of jobs
Fnerared by implementing the hiorefinery supply chatin would hawe a significant sodal impact

& 2013 Eleevier Ll All rights mserved.

1. Imtroduction

rekevant dimensions Tor sustainalde development: the ineradions
between culbre, strudure and technology, the opbimization)

Dming the last threse decades, several authors have develapesd
diverse assament Fanewoarks that inkegmate a nanber al di-
i ans reduired for sustainable development, which is definesd
as “development that meels the nesds of the pressnt withoul
compromising the ability of Rlboe genemfons o omesl their own
nesds™ (WED, 1987 Linthis contest, Jansen { 2003) jdentified thres
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improvemen e neval approsches and the parts invohed. Vadn
anad Mao (2008] assessed the linkage betwe en supply chain char
ackristics and three suggested dimensions ol sustainabdlity,
namely, envimmmenal perdformanece, oorporate enviranmmental
radioes and social sustainability. An overview ol envimmmental,
soddal, and economic Botprings indicators that can be ussd 10
measure sustainability was presentsd by Cuoek et al (20020
R mtly, Locana (2008) ropesed the concept o two-tiersd sus-
tainability equilibda Tor depicting sustainability. This concept
ceers an the interscton betwesn aconamic, @mdimnmental aned
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ABSTRACT: This paper presents 2 mathematical programming madel for the optimal synthesic md retrafitting of water
netwarks based on the properties of the streams that impact the processing in the plant and the emiranment. Ons important
feature of the propased spproach is that it aomamts dor changes in the operation throogh a time hormon with growing demands.
The optimization farmulition mnsiders changes in the demands and accounts far ime-hased varations in the fow rates required
for the process sinks and constraints far propertizs in the process sinks and in the emironment. Furthermore, the propassd
madel allaws the instdlation of different units and the retrofitting of the water netwark over the mnsidersd time horzon. The
abjective fmction minimizes the total cost sssodated with the entine bfe of the project while acconnting far the ime vahe of
maney and the specific demands for the process and the environment that change through the life of the projet. Two case
studizs are sobved & show the applicability of the propased approach.

B INTRODUCTION

The rafming and proess indnstries are characerzed by the
snammons usige of fech waer and discharge of wastacater
Beause of the continusd retrafitting projects to increase the
capacities af refineries and process indwsths, weage and
discharge of water are growing. With the scardty of fresh
water Tesources, thers is 2 crticl nesd far effectve water
camenation straegies Water recyde spproaches are amang
the mast effective water conssrvation strategies The sub
stitntion of fresh water with reqecled process: and wastwater
streams may be camied out through direct recpds or fallowing
treatment of the recyded streams to meet the requirements of
procss mnits (sinks) that use frech waer Thess process ginks
require that the recycled water streams meet spechc constraints
an flaw raze, cancetration of impurities, and properties
Varows tooks have 'haErL propasad for the syntheds of water.
recycle netwarks. Fao' has reviswsd many of thess tals An
imteresting problem amsociated with water netwarks i the
retrahtting af existing networks that were mat praperdy
d.e-.ugned. ar when the pracess and/ar en'nrunmt:.]
camitraints have changed In this context Fraser and Hallde*
presentzd a2 retrafitting approach based an the pinch point
tachnologu. Alfadals et 217 pressntd 2 methadalogy hasedana
set of henristic roles with ﬁegﬂd of minimizng the @t
annwal mst Cheng and 'E'['u:ng develmped an mired integer
nonlinear programming [MINLF) formulation for retrafitting
single urmits of mass erhage onsdeing the oe af external
agents to fdlitate the separation. Tanand Cre® developed a
linear programming made] ta retrofit 2 water nehwork with ane
campanent. Tan and Manan® presented 2 spstematic method.
-n]-ugp o retrofit water netwarks and introdoced erabion
units maing a sequantial approximation, and Sotda-Fichardo et
al’ prapased 2 mathematical programming meade] far the

o ACS Publications  © 2008 American chemical Sacesy

retrofitting of water networks hased on the constraints given in
terms of bmits for the compasition of the manipulated streams.
This approach was Lter mpraved t ncorparate property
constraint: by Sotelo Fichardo et al” Rithnn o 27 deweloped 2
multiperiod synthesis appraach for watr netwarks involving
multiple industrial processes with szasonal variations. Faria and
B.Eljeh'ﬁm presented 3 mathematical programming appraach
far refrofitting water netwarks B marimize net prasent valos A
camman Imitation in these ing research offarks is that
retrahtting was an'ibd.-autfﬂ';s:pa:ﬂi:cunutmqni:ﬂmth
many @ses, retrafitting is nesded aver a time harizan to mest
futmre demand increases that are sssocated with ca

increxe projects A smplistic approach to satidy the fubure
Tequiramants and increasing demands far water is @ averdstizn
the watr nawork © mest the mavimom foure demand
throngh a single retraht. A hetter appraach is to develap a time-
based strategy for retrofitting that congders the fotuwe
prajechians far incresse in waber demand over multiple peniods
and the poscbility of stagewise retrofiting over multiple
periads while acounting far the existing infrastrocture. This &
the foms of this paper which & aimed o deveoping 2
systematic methad for syntheswing and smolansonshy
retrafitting 2 multiyear waer netwark that aocounts for furre
:p:lq'u:l:ium The= }Iﬂ]:mbd. -u]:l:imi'uﬁun formulation takes inta
account from the dedgn stage foture projections and
expansans and the powsiblity of muoltiannnal retrofitting that
avads an o &d netwark The abjedive fundtion is the
minimizatian of the towl mst in the entire horzon tme

Recdved:  Aoges 5, 1014

Revieed:  Dcoiober 24, 2014
Accepied: Novenber 42014
Publiched: Movenber 4, 2014

cheded gy WU TG 1SN 7 v Py P e 014, S5, 1RG0 16073



Chemical Enginesring and Processing 77 (2014 3841

s R
ey Ky
e o i L 1;-.:'

Contents fists available at ScienoeDirect

Chemical Engineering and Processing:
Process Intensification

journal homepage: www.elsevier.comilocata/cep

Short communication

Use of glycerol as entrainer in the dehydration of bioethanol using
extractive batch distillation: Simulation and experimental studies

Salomdn Mavarrete-Contreras?, Mauricio Sanchez-Ibarra?,
Fabricio Omar Barroso-Muhoz#, Salvador Herndndez #-+, Agustin Jaime Castro-Montoya®

3 Dsershind o Goenguntn, Gompas Gaanginatn, DONYE Departarmenns de mpenir iz Quinio, Sori A 570, 35050 Ganmng watn, Suamajuarn, Mo
b Uit MIckacme S SanNimids de Hisakzo, Racwrae! de ingemierdn Qemio, Claded Snhersitois, Col Feyoios S B, S80S0 Mmeta

Michaoctin, Miscko

ARTICLE INFO ABSTREACT

Arliche Alaary: In this paper the dehydration of biosthanol via extractive batch distillation using glycerol 25 entrainer is
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studisd. Smulation and experimental tests werecarrisd out in coder touse gheeerol to produce bicethane]
with 2 compaosition higher than that of the azectropic point. The results ar= compared to those reparted
using =t bylene glycol and ionic liquids a5 estrainers for the same separation The simulation and =oper-
imental results indicate that it is possible to produce high purity bicethanol that can be ussd 25 2 fisel
oxygenzte. Amorg the entrainers used inthe experimental tests, the ghycernl presented the best pefior-

m-emmnn muance in terms of the purity in the distillate. Also, it b5 important to highlight that glycerol has a lower
Eipetranol dsiTydraten rost in comparison tosibylene ghyool and ionic liguidsand that is considered aby-produsct in tbe biod el
Extractve laich distilation praducticn.

Ertancl- waler aectmpe © 2014 Elsevier BN, All rights reserved.
1. Intreduction [Fig. 1} inthe Arst stage (oolumn C1) mest of the water is remaved

ND]'I'.'.IHII.].'S bicfuels area pﬂﬁii.'l}ll! source to ﬂtiﬂ}' the inreas-
ing eneTgy Tequirements. AMang them are the bioethanol and the
bindiesel. According ta Srulczyk et 21, [1], worldwide bioethancd
demand has grown rapidly due to government mandates such as
the Energy Independenoe Security Act of 2007 and environmenzal
regulations forbigding the use af methyl teroutyl ether (MTRE] as
a fuel oxygenate. In aodition, Balat and Balat [2], mentioned that
beoethanal FII.'-DﬂL'ICtiI:l'I IEFII'I:'EEI.'IIIEIﬂ 4% of tatal R,Tﬁl:ﬂiﬂ.l:' cansumed
around the world in 2007, and warldwide Fll'ﬂlj'lllfﬁ{ll.'l may exceed
125 hillicn liters by 2020, therey enhancing renswable enargy
praduction - expected ta supply BI% of the ghabal eneTgy demand
in 2070 according to the Warld Committee of Energy Council [3].

In this cantext, and Eﬂflfl!l.'ﬂ.i.l'lg e ]}l’ﬂlﬂl.'ll.'til:lﬂ af bioethanol
via a fermentative Pracess, a diluted mixture af biosthancd and
water {less than 10X in valume] is produced, from which the
binethanal can be recovered ta the desired parity [4.5]. 10 order to
use bigethanal mixed with gascling, high parity bioethanal fwith
a cantent ol water less than 05X in mgm is ]'I:I:]L'Iifﬂd. irmvaly-
ing a concentration step and a subsequent defydration operatian
ta awoid having bwo Lquid phases that may cause damage ta the
ComBoustan I!I.'IgiI'E. The FIL'II'i.ﬂ.E.til:ﬂl Prooess inwalves twa FtGgES

» Coarespondingauthor. Tel: + 5247 73200068 14000 Eoc +52 J7373 2 000603 129,
E-maTl acddrerses: hemass@ogiomy, hernassmecom (5 Heménd exk

CQ5-Z701)5 - se front matier @ 20014 Elsevier EV. Al rghis reserved,
beips) fodicdory 100100 prep 2014 01003

and a distillate with :I.L'l:ll'ﬂFII:Gi.til:m dase to the EII'.‘III[I'l:IFliI: Fl{li.ﬂt is
obfained (around S5% in weight), during the second stage (calumn
2 the breaking af the ameotrope is 2chioved by USiNg an extrac-
tive distillation column where the final ethanal purity is achieved
[argund 05X inweight). The first distillation calumn [C1 ) requiTes
ETIETEY in the reboiler to :IECDTI.'IP"&['I the !I’."]}II.'IE“EII'I and the secand
distillatian colomn(C2) requires both energy and a massseparation
:Igl-'_'l'lt :EI'ItﬁLi.'I'I.EI":I. Several entrainers have been used in simulation
studies af the reported distillation saquence of Fig. 1.

Regarding the use of entrainers, KEavagnani et al. [5] have stud-
iz the breaking af the ethanol-water azecirape using ethylens
ghycol and tetraethylene glyoal, Teporting that the ethylene glyoal
gives better Tesults than the tetracthylens glycod, bat the ethyl-
ene piycnd can be focbidden in the future due ta its toxicky. Zhao
etal [7] reported the use of several ionic liquids. including 1-outyl-
I-methylimidaraliom Dromide and 1-butyl-2-methylimidzolium
chlaride Far the separation of the mixtare of ethanal-water. Also,
Chiwez-15las 2t al. [E] reported 2 mixed-integer nonlinear pragram-
lT.IiI'IE farmulatian inorder to ctain the molecular Iﬂl:SiEEI afseveral
iomic liquids to recuperate ethanol with 2 purity of 99 molk o
higher suitable for mixing with gasoline.

Gil et al. [9] and Garcia-Herreros etal. [ 10) stutied the design and
control of an extractive distillation Pracess to ]}TI:dLII:E lﬂl'l:p'dl'ﬂl.IS
ethanol using glyoerol as entrainer, concluding that the ghycenal
can be used in the production of high parity ethano] taking advan-
tage arits Iow Cost and high 2vailability: no coniral prablems were
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Vegetable Qils for Biodiesel Production
as Friendly Energetic Alternative: the Case of Mexico

D. Alvarez-Barrerz', G. Segovia-Hernindez?, A. J. Castro-Montoya',
R Maya-Yescas', M. C. Chivez-Parga'

Absiract — dmang e curment cined bigfels, Fiediesel production using vegatable oils asr raw
murterials exhilits fechmical, social and eromomic odvaricper Some oraps echibidt pntapped
Potendial @y rowrce-alernaiaes for satighing the Moreasing energy demand. thargfore, i I
mportans o sudy the fersible reactian rouses fo frangform mighocerides, mainfy, inte Slodierel.
Mincico has boen faken infe accouns @5 case of study, v order to esrimare the patendal prfity and
eononc impact of vegefable oils In itt develepment I i noviced thar about $0% g the Medcan
barritory wohibiE finvorable climaric characierisnics to crops able o produce vegetable oils usgfld
in Aisdiesel production. Copyright & 2014 Prake Wordiy Prige Sl - AN rights reserved.
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1. Introduction

Il.  Engrgy Ute and Demand in Maxico

Sinpe the man appsared oo the planet, energy
CODSUMDLion wWas imminent to realize all kind of works
that would allew surviving and, ewventoally, comforts for
2 meare pleazant life,

Therefore, over time energy needs have increazed and,
in Mexico, this demand baz reached higher lewels each
vear and is being covered by the use of petroleom based
fiaels, mainly.

Unforunacsly, the use of cil as ensrgy soumce in the
case af Mexice will becoms very expensive in the firture.
Arcording to the data presemted by the Mewico's
Mini=tery of Ensrzy (SENER) (Fiz. 1), the proved mland
oll reserves I Jamuary of 2010 amount to a tofal of
14000 million bamels of ol apd the cument daily
demand is 3 million bamels. It means that prowed oil's
lifetime of 128 years. Hence, it i necessary to replace
pelmalsum  fizls by those oblined Som renewable
SOUITES.
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Fig 1. Mexizan sesesved of ¢l (SENER, 2000}
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I3 PBiodierel
Bipdizzel is now ops of the propozed mapsition
enaTEies of greater global importance Biodiesel ic a
symthetic lignid bisfoel derived fom natoral fats such as
vegetable oils, new or nsed. by the indostrial processes of

esterification and tramsesterification.
Itz main contribution is partial or fotal substthrbon of
gasoil (obtained from odl) in heating processes and

In particular, it i= wery easy to replace diessl by
biodiese] in internal combustion engines becanse:

Mo modificadons are reguired by an old diese] engins
ta switch to bindissel.
Eiodiesel exhibits higher cefape mmber than diese]
(51 vorsus 42, respectively). Since this is an indicator
of the epgme kpock at sfart-up, an engine that
switches o biodiesel will startup soffer than
previously using dieze] [1].

Eiodiesel exhibit better solvent propemies with
respect to dissel, such as cleaning effect on the engins
parts.

EBrodiesel provides better hibricant properties with
respect to diesel; therefors ensips parts will last
longer.

A liter of biodiese] might replace between 080 and
0.05 liters of dissel, in relation to calerific wahoes;
therefore thers is oo need to replace the fosl resemvoir.
The first teckmiral tests with biodiese] were held in
Apsiria and Germamy w881, e ooty unbl 1925 the
first pilot plant producer of mpeze=d methyl-esters was
brilt in Silberberg, Ansiria.

Some vears later, biodipss] production becomes mors
meportant and larper goantifies of aw materals wers
pracesszd Table I shows the main Furopean bindiesel
producer counirizs.

-

CiymerlgAr S 200 4 Probie Faethy Prise Ka.l - AT AgAIE senervr



