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1. INTRODUCTION

In the chemical and process industy, large amounts
of emergy and operating costs cam be sawed through
propery opimized heat exchamger nebeorks (HERM).
The design and synthesis of HEM has besn largely
explored and a broad research has been published in
the chemical engineening literature. An early methed for
synthesis of minimum area networks proposed by
Hohmann [1] called the atention of several
researchers. His work induded a strategy to assess
feasibility of streams assuming suitable approach
temperature and given utility supplies. This technology
eventually evclved infio what became known as the
pinch design methed [2]. From a mathematical
programmming point of view, Grossmann and Sargent [3]
gawve the first step into the BMIMLP developments by
using an slgorthm for discrete varables to solve the
HEM problem with incorporated integer vanables in the
mathematical model. This slgorthm was an extensicn
of the methed by Ponton & Donaldson [4]. An
inter=sting work has increased stages in previous
superstructures by calculating the number of stages
based on the inlst temperatures of the hot and cold
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streams a5 well as om the exchanger mninimmum
approach temperature [6]-

The operaton of heat exchangers have been also
included in the optimzation model to provide Aexibility
and resiliznce in HEM designs [8]. Optimal operaton of
HEM has complementad the ypical synthesis problem
since the conditions in real plants might b= diferent to
those assumed in the design [7-11]. Some of the
difficulties to sclwve durmg operations due to bad
designs have besen explored recently [12]. Both online
and cffiine copbimization approaches hawve been
implemented to solve optimal process operations [3].
Another operational problem refers to the cleaning of
heat exchangers during plant maintenance shutdoan.
A mixed-integer linear model fo detect the optimal set
of units to be cleaned durng this stage has been

recently developed [13].

In generzal, the main purpose of HEM synthesis
became the finding of optimal solutions in an efficient
way, and sewveral models were proposed fo solve
differemt condiions or scenarnos. The proposed
appreaches have ended up im large mixed intsger
opiimization problems. Howewer, safety has been aside
the main goals. More recently, environmental issues
bas=d on the ecc-indicator 82 have been incorporated
[14].
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ABSTRACT

To bensfit from the uss of a wasts product such 25 pine :awdust from a sawmdll in Michoacan, Meuico, fve dit-
feremt prefreatments for the production of reducing sugars by enzymatic hydredysis were evaloated (sodiom hy-
droxide, sulfimic acid, steam explosion, erzanozoly and combined method nimic acid © sodium hydrosids). The
main finding of the shudy was that the pretreament with § % HINO, and 1 3¢ NaOH l=d o beter yields than
those obtained with sodium bydronide, dilats solfaric acid, steam explosion. and arganosoly premeatments. Also,
HIMO, yizlds were makimized by the factorial method. With thoss results the maxima concenmation of reducing
suzar found was 97,83 = 1.59, obrained afer pretreatment with 7.5 % FNOs at 120 °C for 30 minates; folowed
by 1% of HaOH at 90 °C for 30 mirutes at pH 4.5 for 168 bours with a load enzyme of 25 FPUE of toal carba-
bpdrates. Comparms the results obfined by the authars with those reported m the bterahoe, the combined meth-
od was foand fo b= snitable for nss in the exploifadon of sawdunst.

Eeywords: Beducing sogars, enrymatic bydrelysts, acid hydralysis, premeameents, pine sawdust, Finus prendo-
irpra i

INTRODUCTION znd cellulose. The product of thiz fermenta-

Ethanol can be produced by f tation tion process 15 hydrated alechel contaimns
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of sugars presents 1n vegetables products (ce- approcimately 3 %o of meisture. After a de

. hydrztion step, the zleobol can zerve as 2 ve-
rezls, beet, cane, sorghwm, and other bic- ! :
masses); these sugars are present in the hucle fuel (SEMARNAP, 2000).

formes of saccharosa, starch, hemicelluloses,
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ABSTRACT: Indnstrial fadlifies impacting a watershed may
e clustered nto groups hased on their geographicl lations
Watr wage and discharge for each chistered growp of
industries may be intsprated through the introduction of an
em-indnstrid park (EIF). This paper presents 2 mathematial
programming model for water integraton of EIFs to be
synthesized with the pumpose of mitigating the enviranmentl
impact of industrial effinents discharged inty watersheds The
made] considers the creation of multiple EIPs, their lacation,
sizing, and tasks. To determine the effect of the discharges an
the swromnding watrshed, 2 materal flow analysis [MPA)
meadel was coupled with water recyde strabegies within the
industrial facilities and the associated EIPs The MFA
characterizes the interaction of individnal discharges and tracks the impast of the narural (physical, chemical, and bialogial)
phenamena within the watershed on the Gtz and transpart of pollumnts. A multichjective optimization frmulation is developed
ta guide the dedgons for multiplint water integration while acounting for the impact an the watershed. The objective function
remndles the minimization of the emironmental impact on the watershad, the minimization of the total annualized cost of the
watr-mamagement systam, which includes the cost of fesh water, efffuent treatment, and piping and pumping assodated with
the eco-indnstrial parks. An example is presented to show the scope and capabilitizs of the propased aptimization approach.

KEYWORDNS: Ecodnduckriol parks Material flow analysic, Waker intgrafion, Recpele and reus networks, Sugainable watergheds

B INTRODUCTION

Substantial amounts of water are used in and discharged fram Sncumany 4

industrial faclities. The discharged efffnents are typically laden - LS . Fivar|
with varions palntnts and may lad to major impact an the ﬁ . '_ )

suramnding watersheds An effedive strabegy in redocing water ‘f" e A o o el

: Contral
Traabrment UnH

usage and distharge for industrial Gedlites &5 to sythesze
recycle and reuse water netwarks for mass integration within 1
the industriad facilities '™ The synthess of water natwarks has Al

bezn extended from intraplint integration to interplant Koy M

integraion through the use of the concept of em-industrid
parks (EIP L In general the EIP imalves industrial symbiosis to
integrate various forms of materials and energy as parnt of the

., ) . . 4=
emerging fisld of indnstrial ecalogy.™ In the case of water
integration within an EIF, adjaeent industries can ewchange and treat wastewater streams to enable recpcle to the
their resomrces [in this case water strams)] and comman partidpating plants  Consequently, wawr integration &
infrastucture (e, teatment mits] to radue the consumption n:“:Fm‘Ed- m the :|:|1‘Er_|:|1:.11‘t Integranan comparad to the
of fresh resowces and the discharge of efffuents to the sngle-plnt infegration. This integraton reduces the awrall
- [ )
enviranment Figore 1 shows schematically an EIF

s Iry 2 . il.-"

Figure 1. {enenl configoraton for an acodndoaril pardk

compased of several mdnstrial plants where it is possible to Becewed:  Ageil 4, 2015
recycle wastewater streams to the same plint ar @ ather plants Revised:  May 10, 2015
Additionally, 2 central trestment facility may he nsad to receive Pablished: Map 21, 2015
o ACS Publications  © 2015 American chemical Sacisey 1564 am el &E‘.‘::;ms,:, rerard
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Abstract: Ligmn 1= an abundant component 1o biomass that can be used a feedstock for
producing several value-added products, including biofuels. However, higmn 15 a complex
moelecule (involving in its stueture three types of phenyvipropane units: conmary], comfaryl
and sinapyl), which is difficult to implement 1n amy process simmlation task. The lignin from
soffwood is formed mamly by coniferyl units; therefore, in this work the use of the guaiacal
molecule to model softwood liznin n the srmizten of the syngas process (Hx + CO) 1=
proposed. A Gibbs reactor in ASPEN PLUS® was feed with ratios of water and puaiacal
from 0.5 to 20. The pressure was vaned from (.05 o 1.01 3Pz and the temperatire m the range
of 2003200 *C, H:, CO, C0s, CH,, O: and C as grephite were considered m the output
stream. The pressure, temperature and refio water’zuaizcol condifions for syngas production
for different H> 'CO ratio are disenssed. The cbtamed results allow to detenmine the operating
condifions to mmprove the syngas producton and shew that C as graphite and water
decomposition can be zvoided.
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This paper inmoduces an opimization approach © the design of process combined heat and power
syEmms tha inegrare the thermal profils of the process, an exermal fossil fusd, and solar energy. &
hizrarchizal design approach s popossd © sage the implemanaton of seady-stare and dynamic
calculations. Infgally, enargy insgration is used o idemwrify mindmum heatng and coaling urility targes.
Hewt, 3 genetc agorithm approach is employed © optimize the acternal heating load and generazd
powerof the cogeneration system thatindudes asteam Rankine cyde An ouer loop is used o opimize
the flnwate temperature, and pressure of the siam entering and exiting the furhine. A multiperiod
opdmizaion approach is developed o acoount for the diurnal variability of s olar energy. Direc: usage of
callected salar energy 15 aonsidersd aloang with the opton of thermal sorageand dispach. The salution
of this mixad inzger nonlinear program desrmines the oprimal mix of energy tmughout the year A
case study for 2 peaochemmical plant in jeddah, Saudi Arabia was sohed © illustrae the applicabiliny of

the devised appmach

& 2015 Elsaviar 15d All rights raseresd.

1. mtmeduwction

Inchistrial proeeses are among e largest ensargy-demanching
sedors Approprize management ol energy within an inchstrial
ladlity is achallenging task There are dilferent soures and demanls
Tor energy that shoukl be opery matdhed, Thers are alsa dilFerent
T al energy (espedally heat aml power) that are tansfonmedl
exchanged awd wsed in the proees. Energy inkegration eclmigques
have been developed Bir the optimal design and management of
energy throughoe a whole indwstrial proess and ameng dilFerent
inchistrial proceses. Spedfically energy indegration techogues hanve

* Doy epmatal g o ok Baar.
Emi! afdhes. El-Halea e maala (M ElHSwad].

b ek ooy ) 30000 35 e 2005000 03
0l 250 2005 Bl Lol Al iigles feerved

besen develapesd Tar the sysematic design and optimization of Teat
schange networks, proces ageneration that combines heat an:d
e, aned prcess wigeeration wiich inbegraks heating, refigaa-
tar anedl power. Tor generd reviews alensrgy integratian, the resder
is referred to rement the hiteratuere an this sulvjed (eg. El-Hahwagi and
o, 204, Klemed, 23 ; B-Hahwagi, 2002; Kemp 2009 ; Smith, 20051
FMavid et al (204) developmd a design approach af ageneraton
systerrs basedd on emmomic, esergy, and emdimmmentad abjectives_
Hapdlito-Valenda et al {2004 ) developed a multiobjectve o ptimization
Frprrach o the design ol trhigeneration systerme. Lamflah et al{2013)
v bed Frreconanmc, environmental, aad social e inothe design
ol cogeneration nysterms. Stjepovic and Links (2011) propossd 2
systematc apposch o the effdive ublimtion of proess heat in
inchis trial zones An dgorithmic approadh & the optimal design of
gEneratiaon systems was developesd by Al-fen et al Q0091 The
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rezls, beet, cane sorghum, and other bio- . :
masses); these sugars are present in the bucle fuel (SEMARNAE, 2000,

foroes of saccharosze, starch, hemicelluloses,

430
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ARTICLE I KHFDQ ABETRACT
Al hadady This paper presents 3 muld.objectwe apamzason approach for designing residential cogeneration sys-
Bzosend 12 Jasany 2005 =ms based on anew suparsmucure thatallvw ss aisfying the demands of hotwaterand sleconiaty 2 the
Aceepaal 14 Al 25 munimum ost and the minmum enwirsnmenal impact. The optimizanon invohees the salsction of och-
nakogies, sizeof required unrsand operating modes of equipment. Twa residemntialcompleaes in differant
- aties of the $tae of Michoacin in Mexioo were considerad as cse stodies. One is locaed on e west
Kiryeards. oastand the otheraneis in he mountainous aned. The resuls show thatthe implementagon of the pra-
c""m: I."":I‘:a__m — posed oprimization method weds significant economic and emvironmental benefits due o the simulta-
Opssnal dis nizones redocion in the fofal anmual oot and overall greenhouse gas iyt

Mg oodmplea

& 2015 Elsswier Lod. All nghts meereed.

1. Introdwction

Cageneration, 2lia knawn a5 cambiinesd heat anad power (CHPLis
the simud tanesous pracduction al electric energy ar shaft wark 2lang
with heat fram a single energy stream (33 In cogeneration sys-
tems, the elficency ol energy conversian increzses o aver S0
comipared taan average af 30= 351 for conventional fossil Tuel fired
electricity generation systems (e Figo 11 This enlancement in
energy eficency @an oresult in lower costs and  reduwction in
greenhouse gas emissians (GHGE) when compared with the con-
ventanal methods af generating heat and electnaty separaeh.
Succesful HP applications have been reparted fr industrial
systenms (eg. [2003.15.1). Cogeneratian systems are alsa suitahle
Tar residentizl and commercial applications ke haspitals, hotels
ar institutional buildings |81 A cogeneration system is designe:d
with the purpass af satisfying the predicted demands of slsctrcty
and sanitary hot water (SHW ) ol a2 given consumer [ 10 This way,
reemly there lave besn repoarted several approadies  far
aptimizing the use of electnc [7A712.32 43] and thermal energies
|229.34] o well a5 mgeneration systens in housing complexes
354445461727

Greenhaise gas emissions as well a5 other naxious emissans
(50 M) can be i mieed due to the improved elficences, small
trammisiaon ksmes and  increased  penstration ol renswalile
energy. A% an esential suppleament af 2 pawer system, disribukecd

* Copgepudaling acdey, T +22 443321300 0TF; Loo +52 443 303334,
Eoui § aclifasa oo poncs @il o (LM Posce Odagal

bz el el ) 800 901 & eroeerena i 200 5 04 056
O GE- 3004 o A0S Elusde 7 Lodl Al sighs reiernl

ey sy b cana ke imprave the relizhility of the grid, serve
backup ar peaking systems and provide energy to remate anes
withaut grid coverage [28] Althaugh a cogeneration system can
be designed o operate ;utomomasly and independently Trom
the sledric grid, it 5 usehd 1o establish a link with the grid 1o
Ty amel sell eledricity |30.26]

An important part of the design prablem in cogeneration sys-
temrs far the residential sectaris assodated with Baors that vary
an an hourly or seasonal basis such as energy consumption habdts
al the hameuser | 14 L 0ther fadors indwle installatian cos s, aper-
atian and mainbenance, O0: emissions (CHOE) and enviranmental
mnitions |36 Thess anditorns dired]y afect the sising, operat-
ing schveme anad by pe ol selected prime mover squ pment, and they
also ke termine the sizeal the the rmal s tor zge system . These Bdars
have been addressed by opltimization madels (eg. [10,16]L Siring
the prime maver 5y tem has beenundertzkanusing nanlinear pr-
gramming problens [11] and linear prog ramming technigques [37]
while aocounting Bir ecmamic objectives Biancld et al |5] pre
posed 2 technique for seleding and sicing CHP techmal ogies a5 well
a5 thenmal stara ge systens based on eoomamic objedives and cone
sidering envirmmental and operational parameters. Loken [29]
detenmined the sire aof staorage energy syseEms in 2 CHP system
wing genetic algarithme Benanyszan and Bahm (4] propased a
mexle] o reduce the operating and maintenanae costs amacixed
with CHP systems. Jiang-Jiang et al [25] propassed 1o use the
minimization af 00y emiisians 2 2 ssoond abjective hmction
dhuring designing CHP systems. Furthermore, 2 comman problkem
in the design ol cogeneration systems s the ane ssodated with
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Optimal Design of Energy Supply Systems for Housing
Complexes Using Multiple Cogeneration Technologies

Luis Fabian Fuentes-Cortés®, José Maria Ponce-Ortega*®,
Fabricio Napoles-Rivera®, Medardo Sema-Gonzalez®, Mahmoud M. El-Halwagi®

‘Universidad Michoacana de San Nicolas de Hidalgo, Morelia, Mich. México
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This paper presents 3 multl-odjective optimisation approach for gesigning resigental cogeneration
sysiems based on 3 new superstructura that alioas satisfying the demands of hot water and electricity
minimising costs and environmental Impact. The optimisation Invalves the selection of technologles, size of
required units and operating regimen of equipmant A reskiential complex In Mexico was consklerad as
case study. The resuis show that the Impiemantation of the proposed optimisaton method Yylelds
€lgnificant economic and envimnmental benefis dus2 0 the simultanacus reguction in the total annual cost
and overdl greanhous2 gas emisslons.

1. Introduction

Cogenaration (CHP) s the simultanecus production of electrical and tharmal energy from a single enargy
stream (Tahounl at al., 2312). In CHP systzms, the eMciency of enargy conversion INcreases 0 over 81 %
as compared 10 an average of 35 % for conventional genemmn sysaems (see FU.II'E 1]. It can result In
lower coets and the reduction of the greennhouss gas emisslons (GHGE) when compared with the
conventional methods (Karabegovic, 2014). A CHP system Is designad with the purpase of satistying Tie
demands of electriity and hot water for sanitary usa (HWS) (Chicco and Mancarela, 2003} This kind of
distioutsd energy systems can aiso serve as backup or p2aking systems and provide energy to remote
areas without grid coverage (Lu et al, 2013). Although 3 CHP System can be designed i cperate
Independently fom the electric grd, It Is usefu o establish a Ink with the grid to buy and sell elecincity
{Lozano et al., 2029).

2 | Ta e 2
Conventional Generation s Copgeneration

Parameter
Fuel 100

Mashlenivd
5 Comples
Tot

:‘:l'lmt“.('! s rcnnen Useable Encrgy BD
Useabilo Eneegyy 108 Waste 20
Wazze o5 Total EMiciency BD%

Total Efliciency  SZS5%

Figure 1: Comparison between tradftiona) genaration and CHP systems.

Pleaza cte this article 3s: Fuentes-Cortdz LF., Ponce-Ortegs JM., Napcies-Rivern =, Sema-Gonzdlez M., EHHawagl
M.M., 2015, Optima cazign of energy upply systems for housing compiexes using multpie cogenerstion tschmoiogles,
Cramical Enginesrng Transactions, 45, 415420 DOL10.3303/CET 1542070
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Optimal Design of Inherently Safer Domestic Combined Heat and

Power Systems
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ABSTRACT: The residential co-generation system i5 2 promising
Shl‘bg}'mﬂﬁifpﬂltﬂbd]ﬁpﬂﬂhﬁwrlﬂ' demnands in residential
camplexes. This & an attractive option fram bath econamic and
emviranmental points of view; howswer, the associted nidk has not
been accounted far. It is very important to consider the ridk assodated
with residential co-generation systems becanse the mvalwed ot nse
valatile fueks such &5 namral gas or Bquefied petralenm gas. Therefore,
this paper presents an apimization appraach far dewigming residenitial
cogeneration systems through o mult-objective optimiztion for-
mﬂﬁunﬂumﬂmmﬂpmm‘uﬁrmhﬁniﬂgﬂmtummﬂ
oot and the environment] impact as well a5 the associaed nisk to
ﬂﬁ:fpﬂledbd:ich'puﬂhﬂw;ﬂdmuﬂshimddmﬁﬂmph_
The proposed madel incorporats the optimad seletion for the
tﬂmhgjﬁnﬁdumﬂuhu]ﬂuﬁm_ﬁwtsmi}'faimddmﬁi
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camplex in Mexico is presented to shaw the applicahility of the propased approach, where it was shown to be passibls to obtin
attractive solntions fram econamic, enviranmentl, and sxfety point of view.
EEVWORDS: Safny, Denestic combinad haat and power ssems, Optimal dedgn, Multi.ob jective optimizafan

B INTRODUCTION

Cambined he and power (CHP) systems are attractive
aptans far enagy supply in howsng complexes becawse the
simultansous prodoction of heat and power is more dficent
than the single praduction alane; furthermars, in CHF systems,
the msts and greenhouse gas emissions [(GHGEs] are reduced
campared with canventianal generation” Fowever, the dessign
af such systems invalves multipls problams; many of them have
heen salved by optimization algarthms ™ The meast i Tant
izsues that have been addressed are relzed to selecting CHP
technalogy,” siwing the central cogenerstion mit) swing the
thermal starage system,” determining the interactions with the
grd af the local pawer m:rn]nn}-,‘ determining the aperating
scheme far the prime maver,” smoathing the gaps betwesn the
thermal and electrical demands,” and ewen locating the system.”
Tt should he noted that mast of the methods wsed in the stndies
mentioned above have addressed anly economic™ and
environmenta ' in the dedgn problams. Alsa, severa
differant technalagies have heen proposed to provide acess to
alternative sawrees of fud for CHF ot Furthermars, ather
warks have reently determined the far damestic CHEP
systemns'? and addressed the design problam accounting
simultansously for economic and enviranmental u.]mchn.H
me impartant paint that most be considered in the on-ste
. 15 .
powsr generation i related to safety.” Therefore, thers & 2
nesd to account far the inherent safety in the deden stige to
rzdue ar diminae the associated hazad. A proess i
described a5 inherently safer i it rednces ar eliminats ane ar

wr ACS Publications o =015 Amercan themical ey

meare hazards associzted with the matrials and aperstions ns=d
in the process, when it is compared to some altermative process,
and this reduction ar elimination & accomplished by character-
fstics that are permanent and inssparahle parts of the proces
Ta appredate this definiton, one must mnderstand the meaning
of hazard 2 an inherent physical ar chemial characheristic that
ha the poential for cawsing harm to people, property, or the
envirmmeant The key to this defintion 35 that the hazard s
intringic to the mateha ar o s @ndbons ufstluge ar mEe
Par thess reasons, the inlesently safer appraach to sk
management & an essental apect of any bty program.
Furthermare, there will be no risk of Gilure of the lagers of
pratection, and there will be anfidpatd mechanioms far the
acumence of hazardows swents Inherently safer design & 2
fundamentally different way of thinking showt processes and
plants It focuses an the elimination ar reduction of the hzards,
rather than on managemsnt and contral This appraach will
ultimately result in ssfer and mare rabust processes, and these
inhaently safer processes will abso he more emnamical™
Theredare, the risk factor associated with pawer gensmation
farilities is ome of the dimensions of sstznabilig.” Although
several recent papers have considered the emiranmental aspect
in panwer plants,” the inherently safer design is 580 2 pending
task in this area
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Rairater harvesting

Reclzimed water recyding and remsing
Resadential complex

Oplimiz ation the total cost.

This paper intreduces an optimizatica foemulation o design residentizl wabsr systems that satisfy the
water demands in 2 housing cemplex invobving rainwater harvesting, storage and distributicn as well
s the simultanecus design of water petworks for recpcling, reusing, regenerating and storing reclaimed
water. The design task is considered as a multi-objective optimization problem whene one objective is
the minimization of the fresh water consumption and the ather chjective is the minimization af the total
annual cost. The propessd model zcoounts Tor the variability in ik waber demands throwegh the different
houwrs of the day and for the different sezsons of the year. The seasonal dependence of the rainwater has
also been considered in theoptimizatica model. A case study for the city of Maorelia inMexico ispresented.
The results show that significant reductions can be obtained in ibe total fresh water consumption and in

& 2015 Elsevier Lad. All rights reserved.

1. Introeduction

With the increasing popalation, continoed urbanization, and
ﬂ'."l:"l'l!].]}lﬂi.tatil:ll'l oMwater bodies, the warld is MTIS a seripas chal-
lenge tosatisty the water demands far human activities (COMAGLIA,
2014). This challenge has promated the seatch of Newr strategies
far the sustainable wse al wateT, iI.'ICI.'I.I.ﬂi.TI.g redaimed EI'E'!."WHIII'."'I'
TEL'IE-i.I'Ig and raimwater l'l:l.n'l:Ef.iI'IE. Furst, in the case of reclaimed
greywater reusing, Al-Jayyoasi (2003) proposed reusing greywsa-
ter in arid regions. Mandz] et al. (2011) develaped 3 stratepy for
greywater collection, reatment and rewse ta satisfy demands af
Nowsehald sanitary uses and agrioltural irrigation 1eading Lo fresn-
water savings up ta 46X Bevitt et 21, (201 1) performed an analysis
wilh empirical data for determining the fzte of micropalluiants
in Lretment systems foT greywater recycling 2nd antained sav-
ings op to 43% of fresh water. Santos et al. (2012) presented 2
study for greywater reuse for washing basins and showsrs. Penn
et al. {2013 presented 2 multi-ohjective aptimization madel for
the distribation of greywateT in an existing mMunicipal SEWer sys-
tem for reusein oilet ﬂL'ISl'Ii.'ﬂ.g and g&TﬂEI‘I i.TI'i,gBtil:II'I. Chenand Chen
(2014) presented an oRGMIZEHON model (o recycling eMoents

* Corresponding author. Tel: 52 443 3E33500x0 77 fac: +52 443 1173584
E-mal ashdress: jrmponcesumsciunm (AL Ponce-Dategal

hitps) Jdndciorg 101015 prompchemeng 201502011
O09E-1354M6 201 5 Elsevier Lid, AT rights raserved.

from the municipal sewage for industrial use. Garda-Montoya et al.
(2015) proposed 3 mathematiczl programming formulation fo
symthesizing water netwarks in housing complexes, where reduc-
tions of wp I8 af fresh wateT were abserved. Zhang et al. (2014)
propased a sustzinable design for wastewater reusing in China,
0n the cther hand, for the case of rainwater harvesting, Mwenge
et al. (2007} proposed domestic rainwater harvesting to supply
WwaleT in Zouth Afrbca. Molde (2007) implemented an zpproach foo
narvesting palluted raimwater obtzined fram streets and coort-
WAt SUrfaces. Abdulla and Al-Shareef (2009 reported fresh water
savings of up to 197% through the use of harvested Tainwater.
Helmreich and Hom {2009) proposed the use of Tainwater treated
with slow sand filtration and solar technology for applications in
agriculture and households. Sturm et al.(2009) developed a techno-
BOONIMIc analysis for the use of harvested rainwater. Farreny
et al. (20117 suggested a type of roof to Maximize the availability
and quality of harvested raimwater, Gikas and Tsihringis (2012)
presented an evaluation for the physicochemical properties for
harvested raimwater, showing that this is adequate for wsng in
several homamn activities. Ward et al. (2012 carried oot 3 soop-
techmical study for rainwater harvesting in UK. Chin et al. [2009)
propased an aptimizatian model for colledting raimwater through
rocftops cataining savings far the required fresh water and energy.
Hashim et 21 {2003 carried out a simulation far a large-scale rain-
WateT harvesting system abtzining a significamt reduction af fresh
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Thiv aricle prgpoies o mulisbectve gpiimizaion muode] for the desipn of o merscope waber gedem of o Megcan
city that solves similfenesudy the plinning and swheduling of water gerrge and divenbugon fads, The meedel, which
conddens roimveter feorvexting and reclaimed waler rewang ax aliemative waler source s, mavimies the rvenes frem
warker serdex aned minimizes simulanesndy the weder consienpten and bnd soe. A cove sudy Beved en the eiy of M-

b in Mexico wan sefved [ was found thar the soie of alternaiive waler saces (ach ax harvesied roimvader) along
with an apprgprak plonning and e bediling of seerape and diveribaion sady kove the pogeniud o rediee the presare
ever nafwral reservels sinifieantly, Our appreach considers simdianesudy econemee and emvironmendal concerns,
thereky contribuding fo the imple mengrisven of mere siiamale afernagves inwrken water dicinbugen, © 2005 Amenca
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Reywerls: swianale weder uxe, land e, wakr consumplion, wakr siorage aned distribusion, scheduling, spimiation

introduction

Recently, research om hoew 80 improve wader manapement
warklwide has significantdly moreased due to water scarcily
mohlems arising in several regions of te world As 2 resh,
severz]l approaches for walker saving and  comservation
through water recycling, reusing and regeneration have heen
reparied. An imporont case is the indwsmial sector, where
several sources of walker can he recycled o reduce fresh
water comsumption {therehy recucing 2z well the amount af
wastewader discharged o the envinmment). In this comenx,
Couws et al' presemied a review for industrial water mini-
mization imvalving hatch processes. Jeworwski™ resented
amnther meview regnding indwsmal water petworks wing
gmaphical  and  mathemafcal  pogamming  techmigues.
Besides Verdapuer et al’? presented a combinamnrial optim.
waton procedure with muliple consgmints to treat indusrial
effluent. hore recemly, Thric et al? implemented a2 sudy
for industrizl water networks for differem complexities, rang-
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ing from simple waker networks wp to combined water,
wasglewater trextment and heat exchanger netwarks.

Cther studies have focused on developing medhodologies
far the aptimal use of waker ocmsdering the effect af &e
waslewater discharped from #he indusmies. In this content,
Baix ef 2l propesed 2 muliohjective apfmistion stategy
formulated 25 a2 mized-imeper lnear programming (MILF)
problem for designing an mdustrial water network that mini-
mizes the amount of fresh waler, repeneraied water, amd
numher of network comectims o ecomdusirial pards.
Almur et al® presented an opimizsstion approach for
designing  mierplknt water metworls  mwolving  pipeline
design. Furhermere, Burgarz-Montero et al’ mapased 2
mathematical programming approach o ake imo accoun
the effect of the indwmal waslewster dischorges aver e
surmoumnding envirmmment during the symhesis of ndustirial
waker petwarks, and then Burgzra-Montero et al® imcaTpa-
radex] seasonal variadons oo this mockl. Fribenmore, Lirz-
Barmagdn et 2L” reporied an approach @ determine fie envie
ramment] impact fir de Ddusina] wastewater discharges,
while Lira-Barrapin et al 1t moorporated comstraing hased
on praperties and included differemt optons for wastewater
frestmend. In acklition, Marimes-Oomesr of al ™ imcamriTaied
safety imuves o the imndustirial wastewater discharpes during
the symhesis of induwsmzal waker networds., Furfiermaore,
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