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This paper presents 2 mathematical programming madel for the optimal design of water metwaorks in the
agriculbure. The proposed model is based coa new superstructure that includes 2ll configurations interms
of use, reuse and regeneration of water in a Geld coastituted by 2 number of croplands. The made] zlso
incisdes the allocation of pipelines, pumps and storage tanks in different irrigation periods. The objective
function consists in maximizing the annual profit that is formed by the economic incomes owing to the
cropsell minusthecosts for fresh water, fertilizer, storage tanks, treatment units, piping and pumping. The
propased multi-pericd optimization problem is formulated as 2 mixed integer non-linear programming
formulation, which was applisd to 2 case study to demonstrate the economic, envircamental and sacial
bemefits that can b= obtained.

@ 2015 Elsevier Led. All rights ressnned.

1. Introduction

Apriculture is the activity with the highest water demand in
the world. Besides it contributes to the water pollution due to the
use of mutrients (fertilizers) and pesticides that are discharged s
wastewater. Agricultore helps o the ecosystems biodiversity, pro-
vides elements ta the flue gas capture, Contributes o enhance the
landscape, is an impartant facdor [ combat the world hunger and
represents grest eranomic profis (O0SC0, 2013). In Hhis sense, agri-
culture is vital to the human being, therefore several technologies
and methodalagies have been deweloped to improve seeds, Tettili-
ZErs, pesticides, process equipment, storage and preservation feeds
as wiell as irrigation systems. The irrigation technologies have been
focused on the redoction af fresh water and the application of this
respurce fof increasing the yield af crops. HeTe, water redudion cn
be analyzed fram bwo perspectives: () Inside the process: It consists
in finding the bestirrigation techmigue aswell as the rewse ol waste-
water, () Oulside e process: |Tis related to the reuse arwastewater
comming fram indostrial activities. While 2 combination of the above
srenarios produces 2 simuitonesus scheme to consider the rease of
treated water, the irTigation techmigue as well as the water rewse.
MEveTtheless, the simultaneous scheme caald be 2 good strategy
to optimize the water use in agricaiture, the reparted warks have
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beenfacused on reducing the fresh water consumption. In this way,
Wilson and von Broembsen (2010]) sindied the advamtages and dis-
afvantagss ta reuse WastewaleT in greennowses. Anderson (2003)
presented an analysis 2bouwt the environmental benefits related ta
water reusing. Lazarova and Bahri (2004) propased a strategy Tor
Planning water reusing.

Farthermaore, the walter reusing has been stodied from differ-
ent peints of view, incuding removing heavy metals {Petruzzell,
19E5; W et al., 1993), health risks {Chang et al., 1995 Shawal
et al, 1997) and irrigation costs {Schieich et al., 19960 Schwarz
and Mcconnell, 1933). Hussain et al. (2002) presented a rewiew
abaut the characteristics and infernationzl regulations of waste-
water utilized in agrioolture, and the positive as well as negative
impads owing to the use of trezted water. Besides, the rainwa-
ter harvesting has been the most used strategy to mest with
the whater demand far the zgriculture in seweral parts of the
World. In this regard, several works dealing with the hydrabogi-
czl impact on watersheds dpe o the application of damestic and
agricultural rainwater harvesting hawe been reported {Ghimire
and Jahnsion, 2013). Other approaches have implemented eco-
namic Znahysis af different r2inwater harvesting stractures [Gosl
and Kumar, 2005 Furthermore, Hatioo et al. (20068) determmined
the ecanomic aspects of harvesting raimwater, He ot 2l (2007)
analyzed the factors that affect the rainwater hareesting, and
Jiang et 2. {3011 presented the benefits in the consumption of
fresh water and energy associated to the rainwater harvesting.
In addition, soMEe reviews abaat raimwater hareesting have been
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Recently, the blomass has galnad considerable attantlon as 3 feadstock for energy production bacausa of
Itz attraciive characterisles, Indudng s avallablity 3as a renewable resourcs. Howaver, the blomass can
be subjected to severa uncartzin Tastors such 3z the avalabiity, market o051 and compasiion; thus, It 1s
worth noting that the unceranty In the @w materal can afMect drastically the final supoly chaln
contguration of Me prodws. Tharsfare, TIs Work presents & New appmach 1o the catimal pranning ungsar
unc2rizinty 1or 3 DIDMS56 CONVErskan Systam Invoiving SmURaneausty cancmis and envinonmental ISsUEs.
In this comtext, the Ecoln@icators method was usad to 3ssess Me overall envionmentz! Inpact In the
entire supply chaln. Addtanally, the economic 3spect takes Info account all the costs assoclated 1o the
difersni activities 3s well as the costs for raw materals and the sale of producis. The proposaed method
congders the uncerzirty Invoived In the supaly chan through the @w materal price by the stochastic
QENETation of SCENaN0s LSINgG Me Laln Hypercube methad folloaad Dy Me Implementation of the Monba-
Carlo memod for defermining the cotmal structme for each sampie. Furthermors, with the proposed
approach Is possible to selact the mors robust structurs for the supoly chal based on statisizal data. On
the ather kand, the proposed approach Incorparaias an analysls based on Me standardized regression of
e unceraln cxemelents within the supply chaln o delemine the magnivde In enlch the wnceraln data
affect the value of the considered objectives. The proposed approach was applad to & case stugy for a
distrinuted blorefinery systam In Maxen, corskdenng 6 supallers, 6 processing faciliies a5 wall as 5
distiioution centres. Easldes, 9 W matedas were contemplated o abdzin & diferent produsts through 2
pracessing routes.

1. Introduction

Elomass appears 10 02 a viadle raw matenal 1o replace oll for the produstion of ssveral valusd-asded
products, aspecialy blofusis through blorefineras. Howsves, its Implemantation requines the explaraton of
several aspacts, Including the salection of fesdstooks, prosessing roubes, products, hanvestng sies,
proc=ssing and markets, as well a5 numerous other susEinaslity citera. Recently, the opliimlzatan of
Eupply chalns (SC) assoslaled fo blarefnenes and the muRkobjscive opfimizaton of SC based on
blamass convarsion that include environmental and sustalinablity Implications nave galined the atentbon of
the Industry and academia. With respect o the conslderaton of the environmental Issug In appllcations for
supply chalns, Czamowska st al (2014) analysed several methods to measure the emdronmental Impact
guch a5 the methods based on 2 cycle 3ssessment. Alsa, whh respedt bo the muithobjective ootmization,
Kravanja and Cutek (2013} presentsd two mull-objecive approaches for symthasizing sustalnabie
EyS1EMs for DIOJas producion, bom approaches considared a single proguct and the change over tme
was nat t3ken Inio aseourt. E-Halwagl et al. (2013) Infroduc=d 3 new approach for the Ineoporatian of
safety coitena Inio tha salecion, losatan, and slzing of a blorefinary.

More soeetieally, far e optimal planning of supply chalns, Hoftsakls et al (2013) presented 3 misad
INtEger INSar programming modsl for the optimal panning of & natonal powar genaration system. In
addliion, 3 mathematical model aole io Incoporats economic, envionmental and soclal aspects was

Pleazs ctx thiz arice sz Sandbafiez-Agullar J.E., MorRles-Rodrigusr R., Sonziez-Campos JB., Ponce-Crmegs JM.,
201E, Custainable muit-cbjectve planning of blomass comversion systermes under uncertainty, Chemical Engineering
Transacions, 45, 367-372 OOH:10.23030CETHS4E0E2
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Articie story: The implementation of supply chains based on biomass conversion requires the sxploration of various
Rerewed 30 Sepdember 2114 aspects, inchuding the selection of processing technologies, conSguration of the supply chain, porifalio
Receiund in rewised form B klay 2005 of products as well zs the feedstock selection. One important featurs of this system is that the compa-
Arrepded 10L 2015 sition of the awailabls biomass changes drastically throwgh the year becauss this depends significantly

Availabiecaline 17 May 2013 ca the climatic conditions; this way, the dynamic behavior of this process is an important issue that

must be considered. This study presents a dymamic cptimezation medsl for the cptimal planming ef a

:2:::'?’!!' suppky chain distributed biarefinery syst=m taking into account the time dependence of the imvolved variables and
Model predictive coniml parameters. In addition, this paper incorparzates a mods] predictive control methodalagy to obtain the
Iymamic optimization bebavior of the storages and orders of the supply chain; whens the objective finction is the diffsrence
Crptimal planming betwesn the requirsd and satisfisd demands in the markets. Therefore, this study considers rel=rant
izsues, which include the multiple available bicmass fesdstocks at various barvessting site=s, the avail-
ability and seasonality of Biomass rescunces, potentizl peographical locations for processing plamts that
produce multipls products using diverse prodection tschmalogies, economiss of scale fer the praductian
techmologies, demands and prices of multiple products in #zch consumer, locations of storage Gcilities
and a number of transportation modes betwe==n the supply chain components. The mod=] was applisd
to a case study Tor a distributed biorefinery spstem in Mewioo, Results show that is possible to g2t the
confguration and the behavicr of ik= supply chain considering its dynamic behavior in a rigorows way;
furthermare, the sclutions abtained by the model illustrate that the supply chains based on bicmas:
canversion are serioushy affected by the availability of biaresources over the time.
@ 3015 Elsevier Lid. All rights ressnred.
1. Intraduction

Carrently, the increasing demand of energy around the world and the prablems related Lo the climate change caused by greenhouse §as
EIMissLans [E HGE] from IJI.'IITIil'Ig Fassil Tuels have ]}I.'ﬂl.'l'.lﬂtl!ﬂ thie wse of Zlkernative EQNEDEY SOUTOZE 2ach as oiarusls [El.]:k et al., 20060 Bimass
has gaim:-:l coasiderable attention as feedstack fIZITEI'II!rE_l,' FITDd.LIL'til:II'I because of its attradive characteristics, i.TI.d.'I.I.{I.i.TLg its a'.':|i1:||:|ilir:.':u d
renewahie resournce, reduction of CHGE, creation af new indrastructare and the inherent ﬂE?ii.bi.'lil':p' af biamass to FII'EIIJ'I.I.CI:' seweral ]}I.'ﬂ'ﬂl.'lfﬁ
{bicfuels, polymers, specialty chemiczls, etc.). These reasons hayve motivated the research for synthesizing novel processing patimways or
tl:ﬂ'll'lﬂl.ﬂgil:i asspfiated to biorefineries.

Recently, the aptimization of supply chains (5C) associated to Diorefineries has gained a Lok af attention {Shan, 2005, This way, Hosseni
and Shan (201 11and Yue et al. (2014 described the key challenges and cpportunitiesin madeling and optimizatian ol bEamass-to-Dioenergy
supply chains: they demonstrated that multi-scale medeling and optimizatian play an important role to agdress these challenges. Hosseini
and =nan (2001 congleded that one of the key challenges in the Aeld is to integrate the different components of supply cains without
amy Flfil:l.' EISEI.'II'HFltiﬂI'I abaut the fundamental structure of the netwark.
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A mathemaiicad proyeomming model v preseng for the oprimal planning of the rewse of mumicipal sefed wasse (MEW)
& munimgze the economic Fengfit while simulsmnescdy conddering swonanafiliy and safesy crteria, The propesed
e terded ey conwiders severdd phases of the apply chain inclheling wase sepamsion, divinbugon fo procesing foe 0i-
Hex, provesany foe obian wefid preducss, and dignbugon of preducts g conswme . Addiionally, the sofely cnleria are
Ferseed eon the pedential foradifeys aveeioied with waste management. The propesed spimiaton medel iv frmdaged o o
multirkjective opfmiziiin proflem, which consders Sree differen offeciives inebeding the muvimiziiien of the ner
amnued presfit, e maingzadion of the ament of resed MW, and the mnimgzafion of the soeid nsd oo afed wich
the sapply chain, The propesed medel & applied fe o cove dudy in the central-wesd region of Mexice The resd show
the radecll between the socinl rick and the econemic and envirenmengal crisena, € 2015 Amencan It of Cham-

cal Engmneers ANCRE T, 81: 1581-184%, A5

Reywonds: sapply chain, wasde managemens, srcial ridk owesamens, opiimal planning, mudiiobfeciive apimization

Introduction

Mowadays, municipal salid waste (MEW) manapement is
an imperiam practos fhal addreses omtical societ] needs.
The enommous generation of MEW is direciy related to the
ourent human lifestyle. Over the past decade, MESW disposal
has imcreased drestcally from (05 kgfiperson day) o 1.7 ked
{persan d:l:.';l." This has represenied a serious problem partics
ularly fir conmiries where effective stategies for MSW man-
apement are mat well eaahlished [mapropriae wase
digpesal may lead to serious side effects including growumd-
water pollution, health misks, and serious safety iswes such
2 fire and explosion that may lead to fatalities.” As such, 2
sustainable and efficient wasle mompement simaiegy is
needed @ halmee the need for the development of the qual-
ity of fuman life 2l fhe profection of the envirmment' For
e opimal plamig of MSW manapement @ is necesary
o omsider the emire supply chain of the system inclulmg

Comopnknoe maoseny the stck shall be sldosasd o 1 M Fooce-
Cricys = proowafumechm.
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tagks lile MEW recollection, tramsporttion, freatment, pwo-
duction of valie added produck, and dismibutan of pred-
wets” In this comexd, Varhanoy ef al® imroduced 2 new
inlicator, calkd wase energy potemiiz]l uslization, to mea-
sure e impect of hpisics and energy dismibudon from
MEW. Holkanen and Salminen’ repumied a methodology W
take i accowumi severzl critenia for e selection of a2 MEW
management sysem. Hmg et al® presented a review of
madels to suppor the decision making in MSW mampe-
ment In akdition, a2 chessficaion fir e models wilieed m
the area of M5EW mampemem was repored hy Momisey
and Brown® =l Kammperis et 2l Samihafes-Aruilar
et al M ropased 2 mathematical programming made] for ghe
aptimal phomng of 2 ;upply chain for MEW momapement
oomsiderng economic and envinmmentl aspectk. Also, Tan
et al.! reported an optimizaton medel for synfesdzng MEW
processing netwirks fo procduce energy and  value-added
products  achievineg ecomamic and enviromment]  ismues.
Bawling et 21.7 developed an approoch fo determine aptimal
locatioms amd sizes of hiomasi-mam gement facilises. Fur-
thermare, Mozl and Komilis™ presemted 2 simplified
methadalaey o opimize an imemaied MSW mampement

June 2015 Vol 61, Mo, & 1881
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B Supporting Taformation

ABSTRACT: This paper presents an optimization approach to the
inmrparation. of dedromagolation in the design of integrated waber
nawarks for oil refineries. A disunctive programming formulsion i
developed & minimie the cost of the watermanagement system whil=
induding the charackrisfics of process water streams, recyde, renss, and
traatment of wastawater streams, perfrmance of candidate schnologizs, and
campasition. and comnstraints for the process mnits and the
snvironment] discharges The perormance of elsorocaagubtion was
related to temperature pH and the mnentration af phe=maols and sodinm
chlaride. Andllary unts inchdng pH adjostment, reverse aomasis, and heat
exhangers were wied to suppart the elscrocaagmldion onit Two @se
studizs are presented to show the apphichilty af the propased made] and
the feashility of wsng electrocoagulation & part of an inbegrated waber

management scheme for ol redineriss_

KEYWORDS: Elctrosngrulation Regele and seuse water nebworks, Oiptimization, Removal of phenolic conpounds,

Refinery wastawater

B INTRODUCTION

Industrial processes comume tremendous amounts af fresh
water and discharge significant quantities of was ewater Efficient
mass-integration strategies that inchud = conservation, treatment,
recycle, and rewse are instromenta in redndng waber wiage and
discharge and in ahating the emironmental impact assodated
with the discharge of pallotants to waer bodies. Three mass.
integration approaches hawe been deweloped for the design of
industrial water netwarks: graphical [pinch], dgehmaic, and
aptmiation chniques Por recent reviews, the reder is
referred ta the works by ElHahwagi nd Foo,' Elemei® EL
Haheagi® Paplewsdi* and Faa® Pinch based methads pravide
vilzhle vismleationbased wnderstanding of the design aof
recycls/rensanetworks botars lmited in terms of scope and se
of the problem. On the ather hand, mathematial programming
techniques can address dgnifianily mare complax prablems ot
require specibized knowledge to formulate and salve A
parficnlarly impartant class of water netwarks inwlves the
deden based an 2 property inegration famewark. Property
integration i 2 techmique which is hased on aptmizng the
allocation and mamipulition of streams to umt based on
praperties. Shelley and E-'ET.:.'I'I-..'.:S:I'd prapased 2 praperty-hased
companantless appraach to proess integration and introdnced
the mnept of property dusters that can be tracked m a

wyr ACS Fubdications o 20 sameican Chemi cd Sacuey
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canservative manner. Bl Flawag ot al’ present=d 2 sigorauns
graphical targeting approach o imize the mie of fresh
resources by waing seprepation, miving, and dirsct recycle,reuss
strategizn. This approach was ravised by Fazami and El
Hahsagi' and Hamants et al® o characterize streams and umits
hased an properties through graphicl techniques and by Crin =t
al'* and Almutlag and Fl.-Haheagi'' throngh algehraic
technigues E1Faheagi ot al'™ presented new systematic s
and vismlzaston techmiques for the identification of aptimal
mixing of streams and their dllacation Dunits. Forthermare, they
:prtnﬂiad..:.d.ﬂ'h‘.:.ﬁuncfﬁe mmrespandmce hehwesn chstering
toals and fradiona @ntriboton of streams to minmize the
usage of frech resowrces Ehack = 2l dewloped property
clusering techniques far the smulansons deign of malsolar
and proess netwarks. Grooms et al™ further intraduced a
sawrce—interception—sink representition to embed struchual
configorations of interest. Foa et dl ¥ introduced fwn new tals:
the property surpls diagram and the property cascade anabpsis
technique toestihlich rigorons targats an the minimom wage of
fresh resources, madmum direct rense and minimum wast
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Foblished: Movember 29 2015

Dol W00 1G] S ey Shanral:
AT Fumnynadr G fng. J0K, & [467-130




|8 EC

research

Feteamrif] B Erepivtiigg Easmbiyy Raddwen

pun sacs e ECR

Multiobjective Optimization Approach for Integrating Design and
Control in Multicomponent Distillation Sequences
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ABSTRACT: This wark introdunces a2 multishjective optimization approach to intgrate the design and  cantral af
multicomponent distillation sequences. The evdnation of the mntral propertizs and the design of the distillaton systems
were evaluated through the caloolition of the condition mmmber and the tot] annual cost of 2ach design, respectively. Thres

distillation systems, inchding the direct

the indirect

and the dividing wall column alang with three mivtmres

with representative ezne of separation index [EST) wales and three different feed compositions, wers studizd In addition, ina
pasteriar stage fo the optimation proess, the Eco-indiator 99 for each dsign was estimated to qm‘l:iﬂ.' the emvironmental

impact of the distillation spstems The results affer the trads.off betwesn the contral properties and the

design, which is shown

through Pareto optimal sohtions that enable selection af the salutions that estahlish the prap= balances hetween bath

ohijectives.

1. INTRODUCTION

Histrically, and also comman today, the chemicad promss
deden and the svalution of the contral propartiss are twa
prablams approached and saleed in 2 separated and sequentil
way. In a first sge, the proess 5 designed in arder o achieve
the 2ims of the daizn (27 the product spadficaions that mest
the requirements of the marksts), and in 2 second stage the
cangral aspeds are anahzed and solved Ths sequential
methodology may present some defidencies such a5 dymamic
constraint violations, procss averdacizn, or undampermames,
and a robust :p-u'f-:l'mmcz i naot En::m'hbbd_' Anather
diszdvantage is relged #o the way i which the promss
decgons influene the contral aperation af the process; in a
realistic seenario staed by 2 mmpetitive market, the chemical
pro@esses must aperaie as Hewbly & poassable in arder to adapt
inan adequats way to the changes in the produoct speahcations,
the demmd of consumes, and the varations in the raw
maends In this context, the utlzaion of approprate
strategies for ntegrating deggn and ontral would allnwe the
suitable aperation of the pracess by improving the profitahility
through the increment af the thranghpot prodncstion and alsa
the incrament in the vidd of high vale prodocts, besides the
mimmzatian in the energy conmmption, palhtbon, and as a
direct consequence the emironmental impact Thersfare, the
development of the idea of integrating design and @ntral may
pradoe signifiant emnamic benefits in addition to Imprave-
meents in the oparatian of pracewes throngh the incarparaton
af the assessment of the process dynamis in the imtial sages of
the design These intactians 'he‘h«w‘t__t'lt design and cantral
have bean documented in past decades ™" The ideas develaped
in thess warks have tri same of the lizratme to sketch a
feneral methodalagy for integrating design and cantral hased
an different methods to awes the dynamic propertizs of the
design, for emmple indexhased methods® " dynamic
aptmiztion.hased methods, ™" robust metrics hased meth.
ads,""™ and rezntly prohahilistichased methods** Mast of
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these methodologies approach the integration of design and
cantral; howaver, anly 2 few have been mpplisd & the
simonltaneans intsgration af large sale process smch as
multimmpanent distillabhon spstems

In generd, the integration af design and contral bemmes an
aptimization probem that represents 2 sgnibcant computa-
tional burden. Thersfore, flobadl optimpation methods are
desirable in arde to salve this problem. These methods can be
classfied & deterministic glohal optimiation mathods and
stochastic glahal optimization methads; the first class affers 2
guaantez of finding the gobal optimum of the objectiwe
function, provided that the aljective fimction i convex
Howswr, strategies in this das afen requirs high computa.
tional time [penerally more times than stachactic methads) and,
in some cases, 3 prablem reformalation is nesded. The wee of
ngaraws design and thermodynamic modeds leads o very large
noncomver models, which are very difficnlt to conwrge
Mareaver, taking inta acount stractural and design dedsians
leads to the induson of integer varidhles, further incressing the
difficulty of salving the model Finally, addttional comergena
problems are penerated when discontinuons funcbons, such as
camplex st fonchians, are infrodoced in the model Becendly,
samez deterministic methododagies that infegrate desgn and
contral have besn developed ™% Om the other hand,
stochastic ghobal optimization methads allow abtaining good
salutions in maderate computational time. In addition they are
very flewible to implement and easy to use, and addiional
tansformations of the arginal problem are avaided . This is
particularly interesting becmse medmm and lirge sale
aptimization problems can be implemented in a2 reasanabl=
camputitional time. Ome of the stochactic methods that has
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