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This paper proposss zn aptimizatdon-bassd approach or designing raimwater harvesting systems for
domestic use in a residential development. The optimization model acoounts Tor the implementaton of
rainwater harvesting devices, pipes and reservaoirs for the optimal sittiner, collecting. storing and distribe-
tion of harvested rainwatern. The optimization model consists in satisfying the water domestic demands
and considers as chjsctive lunction the minimization of the otz anmal tost sssociated to the fresh water,
the capital costs for the catchment areas, storages and pumps, and the cost associated to the pumping.
maintenance and treatment. & case study for 2 residential deselopment in Morelia, Mexioo s pressnted.
The city of Mordia is characterized for having mmplications to satisfy the water demands, especially

Ky o
i M ke ool lecticg Sysiems
Domeslic watsr

L8] =l nd dEsiEn
Jﬁ,éﬁ:ﬁsi during dry seasons. The application of the proposed optimization approach shows that it is possible o
RECyCing =atishy a significant percentage of the domestic water demands using 2 harvesting ralnwater system

deome

the associated oost in the ime horizon. Severz] scenarios have been presented o show the

potential solutions identified in the cass stody.
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L. Introduction

Wateris on= of the most valuable resooress in the world; dus=in
its wital role in life, recently the water demands have dramatically
increased due to the population growth and also to the change in
the precipitation patterns becawse of the climate change. Thisway,
there are several highly populated regions of the world where
there iswater scarcity. This has motivated the developmentof har-
westing waker strategies to satisfy the water demands {Abdullz and
Al-Shares=f, 2009; Appan, DHID; Chilkon et al. 2000% In the indostry,
several strategies for water reuse, recycling and regeneration have
been proposed in order to satisfr specific demands and this way
to reduce the caonsumpbon of freshwater (see far examples Deng
and Femng, 2311; Fu =t al, 2012; Ng et al, 2010; ¥Yu et al, 2013
Particularly. mathematical programming-based techniques have
repres=nted powerful tools for the optimal design of industrial
wabsr networks reducing the fr=sh water consumption and the
wastewaler discharge 1o the =nvironment (see Hurpara-Montero
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et al, 20125 Deng et 2, 2013; Khor et al, 2012; Mipole=s-Rivera
et al, 2010, 71E; Pance-Orb=ga =t al, 2011, 31Z%; Hojas-Torres
et al, 2012; Fubio-Castre et 2L, 2310, 211, H12, 20013; Sot=lo-
PFichardo =t al., 31 1; ¥Yamquer-Castille et al., 31131 On the other
hand, the water consumption far damestic use represents arcund
10% aof the total fresh water demand in the warld, and sarisfying
these domestic demands repress=nts 2 major probl=m in places
with water scarcity. Im this context, s=w=ral strat=gies hawve b==n
implemented to satisfy the domestc water demands inwvolving
rainwaber harvestng as shown in Fig- 1 {see DoméEnech and Saurd,
2011; Doménech et al., 2012; Gikas and Angelakis, 2005; Hadadin
et gl BO10; 13 et al., 2000 Morales-Finzdn et al., 2012k however,
these strategies have been based on Beuristic approaches that
frequently do not produce an optimal solution for the addresse=d
problem. Recently, several systematic technigues to satisfy the
domestic water demands bassd on the optimal storing and distri-
bution for the available water have bee=n proposs=d. Khastagir and
layasuriya (2010} presented a model Far the optimal sizing of tanks
for raimeater with domestic purpases. Imtear = al (2011) pre-
sented adecision support tool for siwing rainwater tanks associabed
o large rmoofs. Lie =t al. {2011} presented 2 mixed integer linear
programming model for using desalinated water to satisfy dome=s-
tic demands. Atilhan et 2l (2012] presented a system-integration
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This paper propasesa mathematical pregramming model for the polluticn trading amaong different palls-
tion sources which considers the sustainahility of the surrcunding watershed. The formulation invahees
the minimization of the costs assodiated io the implementation of the required technology to satisfy
the envircomental constraints in order to achi=ve optimal waber quality conditions, The mede] uses 2
materizl lew anabysis technique to represent changes on ke behavior of the watershed du= o the pal-
luted discharges. The material low analysis considers all discharges and sxtractions (e, indusirial and
residential discharges, phivial precipitation, evaporation, «tc.] as well as the chemical and biochemiical
reactions taking place in the watershed. In ibe context of polhstion trading, the implementation of the
propased formulation detsrminess if an industrial source must buy credits to compensate the violation

Kpwezs
Folloticn irading
ALlenial Now analysis

Oplimization
wmmé of envircamental constraints, or if it requires the installation of treatment techmologiss to s=ll credits to
Sustzinatie design another source. The foeemulation was applied fo a cass shudy inwolving the drainage system of the Bakr

El-Banar region in Egypt; the results show the advantages of the proposed approach in terms of cost and
sustainability.
£ 2014 Elsewiar Lid. All rights reserved.

1. Introduction

Current econamic ﬂ:'-"l:‘lﬂpl'l'ﬂﬂt ]}CIli.{iEE must consideT the sus-
tzinability of the systems mnder analysis. Sustainability indudes
enviranmental isswpes and sacial wellare. [‘mpm‘tant piTarts Nawe
been made recently to improwe the enwironmental gquality and
variaas envircamental ]TIEI'IEEI:‘TEII:I.'IE FID1iEi.E5 have been i.TEIFIlI'.“-
mented. The command and ontrol FlEliljﬁ and those Frograms
that use economic incentives for enviranmental L'I:lTl'IFlll..:ﬂlCE. =ach
25 pollution trading, are amang these strategies. The pollation
trading cancept is attributed to Crocker [ 18565), Dales [ 1968) and
Monigomery [ 1972). Former applications of this market strategy
havebeen the trading of S0x and NOy emissians for acid 7ain comrol
{Farral, 193 1) with positive effects {Eurtraw, 1005; Burtraw, Evans,
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K F-:I'.Ek. Falmer, & Tatn, 2005 Burtraw, KTIJFIF.iEk. Mansur, Austin,
& Farrel, 1938; Burtraw & Mansur, 1939). The benefits obiained
fram the implementation of this strategy are: (i) significant cast
reductions related topallutant treatment, (i Aexibili by to discharg-
£T5 in mesting pollutant load reguctions, (i) creation of incentives
for contral beyand curment limits, (iv) promation of technological
innovation and :'."':l imvestment to obiain cedits and extra ]}I.'ﬂl.'"ﬁ.
sdditional environmental beneftts (such a5 impraved wildlife and
co-contral of ather pollutanis) have 2lso been reported [Roussean,
2001; USEPA, 2004). This strategy has 2lso been used in water
quzlity cantral with successhol results (Lal et al, 2009; Roussean,
2001; Setman etal., 2005 Smajgl, Heckibert, Ward, & Stratron, 2009;
USEPA, 200E; Woodward, 2002,

LiteTature reparts several models to describe the trading mach-
anisms bebween FID"LIﬁ.{Il'I saurces. some of the madels consider
prillutant nonpoint scarces [Ghosh, Ribaudo, B Shomie, 2001; Laa,
Magsood, Huang, Yin, & Han, 2005; Wang, Zhang, Huang, & Li, 2004
Zhang & Wang, 2002}, market equilibrium and permits [Bosest,
Carraro, B Massetti, 2000; Hung & Shaw, 2005 Innes, 2002). Also,
recent wWarks .:1I'IC1|:|'IE thie effect af mare L'CII'I1FI|I'."I issges in the trad-
ing palicies, Tach as pollutant dynamics and poliutant interactians
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* An optimization model for thermal Heat inteqration
integraion for sweater desalination HeRgTaLy

1
* A thermal membrane disnllation

module 15 inegrasd with 2 process
« The objacrve funchion maximizes the

net annusl profic e
» Fasulm show subsantial benefis. mmm ' y meu;
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ARTICLE INFO ABSTRACT
Ardich My This paper presens an opgmizaion approach for the design of themal membrans disallason (TMD)
:“5“” :‘:"‘-‘ zm‘m“ sysems thx am thermally coupled with processing facilises. A superstructure represenztion and an
coepand 4 Se panerdbes opdmizason farmulagon are intoduced © obtain simulansously theopamization of the TMD unitand

e i the heat.exchange natwork (HEN) that integrates hexring and cooling in the process faciliny The su-

pemucture and socated optimizason formuliton seek © denafy the system configuraion along
&"‘::- Sailas with design and operating variables such as hax-exchanger areas membrane ares, extent of thermal
Smc.“r'?.“,"m = coupling batween the process and TMD, and the TMD feed-prehsasng temperature. The objecrnve
Energy isayaton funcgon maximizes the net annual profit which accounts for the revenues from the sales of purified
He ine grason waxer the avoided cost of the treamd wastewater, and the toml annualied costs accounting for the
OpSmizason capital inwvestment of the added hex gansfer units and the TMD netwo i, the operating aosts for the
hexing and cooling udlides and the o perting expenses forthe TMD system. The propased opamizaion
formulaton 15 apphied to 3 case study wherea TMD system is integraed with 2 mechanal plantand the
msuls show significant economic benefizs for the implementaion of the proposed methodalogy.

© 201 Elsavier Lol All righes mserved

1. Introduction

The limitedd supplies of fresh water coupled with the over
exphitation of the available fresh water bodies represent myor
challenges for the sustiinable development and call for cost-

— T - ]
o Comspoding asor Tl $5244332235000277, fac +2 4433273534 effective strategies for water munagement {1}, There are several
E-mail afdres: jimpoesedamichany (M Ponce-Ofega) regions around the workl where desalination is the primary soure
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Sustainable Integration of Algal Biodiesel Production with Steam
Electric Power Plants for Greenhouse Gas Mitigation
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ABSTRACT: Signi reductions in an FETOC FTesn-
house gas [(GHG] emisdons, partculiry of fosd cxban
dimde (C0,], are nesway workhide in order to prevent
adverss impacts of glohal chmats change an the socio-
emnomic sedors, emlogical systems, and human halth In
this contest, this sindy aims to investigate the sconomic and
emviranmental aspects of sshinabiliy assocated with the
integration af algal hindizse] production with 2 steam elsctric
power plant far micraalzae biofixstion of OO, in fus gasssand
then algal hiomass mnoversion to hiodiese]l This integrated
energy system is 2 muli purpass prowess that provides the OO, required by the microalzae coltnres as wal as elsctricty, iadiee]
praduced from the algal hiomass, and lpid-depleted biomazss which & in tumn used 25 an anxlizry fuelin the power plant. A mult-
abjective optimization stratepy based an genetic dlgonthms is propased to yield 2 et af aptimal solobons providing the hest
campramise hetwesn the profit and the envronmentil impact of regenerative Rankine power genersion plants conpled with
to hiodizsel production fcilities The power plant operates mntimonsly, bot COx is fod to open pond raceways anly
during the daytime [ 12h a day) for algae growth. The rigorows IAFWS-IFS? formalation is nsed to calolare the thermodynamic
propertes of water and steam in the steam power cyde The environmental impact i measured by the Em-indicator 99
methodology that follows LCA pring The aptimiation problem indudes the selection of iple primary energy sowurces
for the power plant bailer, such 2 fowi fuels (coal, ai, and natiral gas), fofnels, and hiomass (switchgrass, softwood, and
hardwood) in arder to achisve signifiont reductions of CO, emisgons. The optimal tadeoff designs are obtzined by
implemanting the £.constraint method The optimization method has besn spplisd 1o 2 case study in Méxim. The Par o optimal
solutions indicate that the murent price for hiadizss of $391 /g2l an aversze wonld make the intgrated under
cansideration profinble. In addition, the system could achieve significant envronmentl improvemants due to bfecpde GHG
rednctions that result not anly from biofmation of CO: fom cambustion fne by micraalgae and then dgad biomass
canversion and oee as renswable ek (ix, biodises] and lipid-deplaed hiomass) that sbeitme for fosd fels, bot ko by
signifiantly redncing the fossl fuel requirement mmpared to sandalone coal-fired power plants.
BEYWORDS: (GG mitigation Biolwrical copture qf' C0,, Micoalpas bindistal production, Steam power plants
Sustainable enargy system, Multi.objactive optimization, Lig cpcle assemment
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H INTRODUCTION aver the nart comple of decades. Becanse fossdl fuel mmbustion

Warldwide eledrigty cansumpbion is growing rapidly and is
expezed to rise ggnifiantly in the coming decades beguse of
papulition growth and emnomic and secal development,
especially in devdoping comntres. I fct the Intermationa
Energy Agengy’ estimated that the worldwide consumption of
electricty will ingease by 228% aver the paiod af H0E—
2035 uxing the reference cawe “cument pabicy” scenaria, it is
expected to incraze fom 16,500 TWh 32900 TWh [355%
average annmal growth]. For mesfing this growing global
demand far elegricity, projections from [EA show that fossd]
fozks, expecially mal and natoral gas, will be our main soure for
electricity generation in fosdl foeldired power plint at least

w ACS Publications o204 American chemical Sacesy

135=

power stations are responsible for over 5% of estimated
carbon dimcde (O0:) emitdons caused by powsr gensation
mstems,' 3 majar challge facing this elactric power sector i
haw o reconcile the growing glohal electridty demand with the
increzsing urgency o redoce OOk emissions doe to carbon
dioride being the main gresnhows gas [(GHG) and,
canssquently, ane of the mast impartant contibotrs fr the
incresse in anthropogenic dimate change and glahal warming

HBeodwed:  (Domober 24, 2013
Hevieed:  April 3 2014
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HIGHLIGHTES

= An aptimizaton approach for heat inegrasion in em-industrial parks is propoessd.

»Waste heat recowery is proposed through inregmted crganic Bankine cyces
w Improved snergy infegation schemes are obtained with the propossd approach
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In this paper, a new superstruchure for heat infegation of an aco-industrial park is propossd. Infra and
inter-plant heat esxchange for the prooess soeams is allowed. For aproper reuss of the wase heatat low
temperature, a5t of organic Bankine cpcles (ORCS) can be integated inside the eo-industrial park This
wag the proposed supersmucture allows proper heat infegation o reduce the use of extarnal aoling
and heating urilities 25 well 25 the consumption of ecternal decmic energy. The proposed superstrucoune

"‘:"w':f‘""r‘ 15 modeled through a mathemarical programming fomulation where the ohjectve function aonsiders
b “_.:_;"‘T ¥ the simultansous minimizasion of the operatng and @pital o s for the units inwoheed in the system as

well the possihle rewvenues from the sales of elecrid . The mode] is formulaed in such 2 way thatawids
mumerizal complicagen s durin g 15 soludon Besules fram the application of the propossd approach show
that the imterplantinogratan offers significant savings compared © the Taditional singleplant ine-

- el pails
Hear enhaigs twals
O i Rankiee cpchs

gration with and without considering ORCs.

& 2013 Elsewier Lid. All rights ressneed.

1 lotrediection

Energy amsomplion repressms 3 majer omnoem in industry
because of the massive requirements of extemal wilities such as
heating, coaling and elsctrigne In sddtion to e @onomic aspect,
the use af these utilities represents a severe envirommental impact
beause wually Basil fusl are bumesd 10 producs @ledricty and
hat utilities. In this oontext, the synthesis of heat exchanger net-
warks (HEN) has besn a wvery attractive aption to reduce the
extemal ansumptionalhat aned oold utilities. The main klea of the
HEN smynithesis is integrating the haat ol process stre ams by alknsing
heat exchanges between hot prodss streams (s reams thatneed 1o
be cooksl) and okl prooes streams (streans that nesd to be
Teeated ) in swch a way that the overall extemnal heating and coaling

* Codenposaling a b, Tel +52 443 33500107, L +52 443 DA
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whilities are moindmnoed | 1—4]. The selection of the allvwed matches
betwesn hat aned okl proces streams  not trivial, and several
e thods hanve besn e ported ta salve the synthesis of HENs. The
alore mentioned me thods e besn classifed as heurnistic | 5—10],
basesd on stochastic searches [11,12] and based an mathematical
programming approaches | 13 =25 In addition, several appmoadhes
have been reparted to retralit existing HENs |27 32, The imple-
mentation of HENs allkowes recducing the extemal ansumption of
Tt and ookl utilities in a given plant{see Fig. 1) usually signdficant
amaunts af heat at Tow temperatres have 1o be removed using
el aoaling uiilifes |3 3—41 | Howery e, this proces s exoess haat
at lonw bempeerature (ie, werste heat) can be wsed a5 heat sowras for
an arganic Rankine cycle (0RC) to produes electric pawer. This way,
reducing the use of external cooling utilities and, at the same time,
providing part al the electric pawer recuired Tor the prooes an be
achieved (ses Fig 1) |42—43]. The ORC is characterizsd by using an
arganic fluid a5 waorking fTuid. In this regand, several works have
focused an the selecton af the waoarking fTuil, which depenads
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Waste Heat Recovery through Organic Rankine Cycles in the

Bioethanol Separation Process
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ABSTRACT: The huge use of heating ntilities is one of the main drawhacks associzted with the azeotropic separation process
farﬂu:hind‘hmu]]:mn:h.cﬁun.hﬂdﬁmrtut,]:m ingration throngh heat ewchanger networks can be msed to integrate the
inwvahed streams; hawever, the main problem in this scheme is that the streams that require cooling are at lower temperatnre that
the anes that require heating, yielding very small appornnities far energy integration. Recently, the arganic Rankine cyde has
besn propased as an altermative for waste heat (iz, heat & low temperature] remvery producing electric pawer. Therefare, in
this paper is presented an optimization stody for the energy integration in the aseotropic bisethanol separation process imoling
eneTgy ingration through heat exchanger nensorks incorporated into an arganic Rankine grcle. A proper optimization approach
is propaed to yield the solubon with the minimom separation coast Several separation sequences are nsed to demanstrate that
inmrparation of the arganic Rankine cycle 0 snargy integration in hicsthanal prododtion yields significant ecanamic benadits.

FPurthenmeare, this integrated schemes improves the energy efficency for the waste haat remvery, making mare attractive the nse

af hicethanal.

B INTRODUCTION

Decresing greenhonse gas emisdons (GHGE ] has became an
important glohal dssme hecmse the effects of chimate change
have nagatively affected the whals wordd The main soure of
GHGE is the use fosdl fusls for heating, elactridty generaton,
and transpartation. Ome altermative to redoce these emisdons is
to substimte totally ar partially fossil fuels with hisethanal, =
which iz ohtsined from renswahle resouwrces Forthermore,
biaethano]l @n be mplemented eadly in the edsting infra.
st‘uch:muﬂ:uln]:xﬁtutefumeﬂqﬂtm-hn?i stha [MTEE]
a5 an ocfane enhaner in gaoiine engines” Mowadays, the
largest oethanal prodoncer i the warld is the Thited States,
where hisethanal is prodnced manky fram camn,? fallmesd by
Frazil, whers the feedstock is sugar cane" Flawever, the carrent
methods for produdng bicethanal (s=z Figure 1) ose lirge
amounts of eneTgy in the separation process ssociated with the
ethanal—water meotrapic mirtore [becamse the athanal—
gasaline blend has Jow water tolerance)®™ Traditionally, the
separation af the ethanal —water mirture is carisd out through
azestrapc distillation using bemzens, pentans ar disthy] ether
a5 salvent; another altermative is exiractive distllabon wsing
ethylens gheoal ar gasaline ™' Purthermare, thess technol ogies
imalve large @pital and operating costs_ T I additian,
hioreactars wmally yield low concentratians of hinsthanal '
and huge wlities are required in the proesss (ie, decriciy,
stam, and cooling watr). Par these reasons, untd now
hinethano]l has not heen yet emnomially competitive with
respect  fassd fosle

The azeatrapic distillation process for the hissthanal—water
mizture has assodated several hot streams that require maling
and cald streams that requirs hesting (Figwre 1177 | this
context energy integrabon throngh heat esxchanger netwarks
can be an attractive sohdion for rednang the artemna enagy

o ACS Publications  © 2014 American chemical Sacieey

consumption in the s=paration ]I'-a\:us.'H" The rafare,
recently Vazques Ojeda et a* prapazed inegrating energet.
cally the process streams invalved in the Wosthanol separation
pracess through the SYNMHEAT madel ™™ The main
problem with this previons approach is that in the moethanal
separation process the hot streams are at bow temperaure
which decresses drastically the possihility of using these streams
ta heat the cold proess streams that are at higher temperatores.
In the spproach by ‘-’.i.aqm-ﬂ'jui:.etalx'rhe integrated eneTgy
is Jow and so the reduction in the consumption of wilities
O the other hand recently the arganic Rankane opele (ORC)
ha besn propased to remver waste heat and produoce eleciric
pawer; this umt is simdar to the steam Rankine cpde (SRC),
but it mees a refrigeramt & working fwd ® ™ Desai and
Bmd}ql.a:lh}lq"r" have praposed integrating an ORC to 2 heat
exchanger netwark [FIEM) for waste heat recovery, and then
Hipalin-Valencia et al™ ™ propased superstrctmres and
mathematial programming madsl for wase heat recowry
throngh ORC in the synthess aof HEM. These appraaches haw
shawn that the ORC is ablz to recaver 2 signifiant amomnt of
waste heat, producing electric powsr and yielding signifiant
scanamic mp t_ Th 2, this paper proposes the
usz ofan ORC integrated o HEN for energy integration during
the Waethana separation process In this way, sewral opt:
mized separaion sequences wiing different solvents and @n-
:I:igm'.i.ﬁms:q“ are integrated energetically involving the nse of
an ORC and wsing 2 new method for the energy integration.
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fitting. mvalving preswre drops cmsiderstions,” and for tar-
geting'™). Furflenmeme, some approaches for the aptimal
imematm of process sireams @ refrigeratiom  sysems
through alsomption refrigeration q.—_t.'v:'h'i"" {ﬁREﬂ have heen
mcl:nﬂ:.' reparied {inegridng solar -:n-:rg- or renewahle
%_1.' T amd imvolving econamic and enviromment] ohjecs
tives . Additiomzlly, several aypproaches for the optimal
imegmatimm of process streams with a deam Ranline oycle
{SRC) have been repored {identfying optimal presure lev-
els, ™ gemerting musmainable ekciric enerey,'® imvalving mal-
tiohjective apimization,'” for tageting,” and cmsidering
the envirommens] impact™y S Depstion umally imvolves
the elecmic power production and the energy recovery from
the condenser aof de 5RO to heat cold proces soeams
jongeneration). Moreoaver, several approaches to :i:rdenme
inclusimies with a cemiral SROC 'ﬂ1:||1 imvilve solar energy,
uility system,”t I!: rachicion, ™ reductions -:|F ﬁ.le'l perwer,
and O, 1:||1'_|5_"!| ing far cogeneradm ]'r:l‘Hﬂ:l:I] * phnming
uility systems,”™ il site 1.|1i|113,- "F_‘."IIE':ITI, exergy for tarpet-
ing anFNtm.:' fired heaters " specific mimimum empers
atwre difference,™ and e ndusirizl implementaiom™ ove

Introduction

Currendy, e enomaows energy demand @ the process
inchusinies has promaied the development of intemmated wility
systems. The chemical and process indwsmies consume huge
amemms af hot wilities (a5 mediumfJow  presure seam),
ooaling water, and refrigeration (ahsomqpto refrigeaton for
milerate femperature and mechanical refrigeration for Jow
emperature). In this comtest, the imepmated trigeneratm sys-
em has emerped 25 2 muiled solidon o imeprate e process
stireams to the wility system {see Figure lal where electric
power, steam, and refrgeration is produced simuloneously.

Fir 2 given process mdusiry, there are several poental
sohidms o integrate e utlity sysem; in dis negand,
recerily several approaches for the optimal design of wildy
syslems DiEpraded o process sireams love hesn mopossd.
Particulagly, several appmoches love heen repared far the
apimal intemation of process steams 1o coaling water <ys-
Ems {eg., Mined Imeper Mom Limear Prgramming
{MINLP) .'.j.':rd]'t.'ri.'i of conling networks," detailed design af
conling netwars,” -:q]lurmm-:m madels for mn:l:u'mmg
ooaling water systems, i.-ﬁ'lueru conling "-'_'."IIE:ITI.'L mvalving

multiple coaling tl'“'ﬂ'.‘i, * shambieni i:vcmdm-:n.:, for retme
Comapnkno :nr:::r:rg thz st shull be sddioasd o I M Fowoc-
Cricys = proowoiu

12003 Asez s g leoriune of Chemgca ] ERggiee ea
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heen proposed, which has heen called wgl sie :in‘l.-gm‘ﬁ-:n.'-':
In addisen, Bamjewice and Roderm™™ aml Rodera and
E.:l.g:||je1.|."ii.-..':'-m'-'-'| presenfed mathematical  programming
appraaches fir energy infepratom acnss plants, and Stije-
pevic et al™® moposed 3 tarpeting appEoach ke waste heat
recovery mmms phot in indwizl somes. Perry et al™
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ARTICLE IKHFO ABSTRACT

Arhicke ilgary: A model for the syntbesis of water petworks with a simultanecas integration of energy, mass and prop-
eceived 28 March 2014 erties is presended. The mode] is formulated within 2 mized-integer nanlinear programming framework
Received o revised form 10 Juby 2014 wihere the objective function accounts for the minimization for the tokal annual cost satisfying energy,

Fooepted 14 July 20014

poeaiaole aniime 23 July 2014 mass and property consiraints for the waber streams imvoheed in the network. Te accomplish this task, a

new superstnacture is proposed, in which a first stage for energy integraticn before mixing streams was
residered, Bollowed by a mass and property integration network, and placing Gnally a s=cond energy
integration network. Within this approach, tbe optimization model identifies when a stream can be ussd

Hpwoes
SimmiEnscus oplimiz ation

wWaier etworks 25 a kot or a cold stream as part ol the energy integraticn. The proposed approach was applied to bwo case
Energy integration studies, and the resslts show that there are signiScant advantages for the simultansous implemsntatica
Alass integraticn of the energy, mass and property integraticn strategies.

Property smegration 2014 Elsswier Ltd. Al rights reserved.
1. Infreduction

Process integratian tocls have baen usad toimprove the economic perfarmance of production processes and to provide more sastainable
strctres. Proper management af enengy 2nd water resaurces can be achieved by the 2pplication of energy antd mass integratan temniques.
Energy integration was noticeably sparked by the development of the pinch pointmethodalogy, throogh which targets for minimuom heating
and cooling requirements ane established, followed by 3 nebwork design that meets swoh targets (Hohmann, 197 1; LinnhofT and Flower,
1974; Umeda et al., 18748). The development of mass integration technigues was started by 2n extension of pinch concepts { El-Halwagi and
Manousiouthaks, 1959, 159307 thus, targets for mesh souroes consumplion and wastewater Nowrakes were Arst established, and a design
that met those targets throagh the transfer of pollutants fram a sef of rich streams o a set of lean sireams was carmied oot Alternative
strctires were then developed far mass integration, Considering process equipments as sinks to design Gired recycle netwarks (El-
Halwag: et al., 1996; E-Halwags, 1957 E-Halwagi and Spriggs, 1938). Throwgh this framework, 3 mass integration netwark with a proger
allacation, generation, transfarmation, and separation of streams and chemicz] species within the pracess is achisved. Speciflc 2pplications
Tar the minemizaticn of the use al water in chemical pracessas have been developed [(Wang and Smith, 1984; Dhale et al., 1286: Falley and
Polley, 3000: El-Halwagi et al, 2003; Hallale, 2002)

AN additional 2spect to cansider in Mass 2nd wateT integratiaon nebwerks was the fact that several enviranmental restrictions noe only
lirnit the conceniration af chemical pollutants, bt also the property levels that discharge streams pose o the environment, such as ador,
color, znd pH, amang others. This gave riss to 3 new 2pproach of mass integration based on properties (Shelicy and El-Halwagi, 2000),
which induded the development of mixing rnules based on property cperators in order to estimate the resulting properties after mixing of
streams. Such principles wens used to develop methods based an pinch concepts for the design of nebwiorks with recyde, interception and
process modifications based ca praperties {Eden et al, 2002; E--Halwagi et al, 2004; Karansi and El-Halwagi, 2005; Foo et al., 2006), as

* Corresponding author. Tel: +52 481 B11 757 5G577.
E-mistT aednars: arturce i eelayitcmm (A Jimdnes -Cuteimer)

btipd) Jondoiory 1101 prompcemens 201407 003
O003-1354)0 2014 Elsrveer Lid AT rghis reserved.
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Siting Optimization of Facility and Unit Relocation with the
Simultaneous Consideration of Economic and Safety Issues
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ABSTRACT: A generdl optimiation model is proposed o determine the optimal plant liyout with the simultneons
consideration af ecanomic and safety aspects. An impartant characteristic of the proposed optimization model is that it dlows the
reloation of some of the existing nnis @ redonce the risks assadated with cmrent locations. The formulation ko allows
the addition of new mits. A multiochjective mived integer linear programming made] (MOMILE) is dewloped to determine the

optimal laation af new and existing units while aacounting

for mst and risk. The propased made] is analyzed through 2 case

study for a hevane distilation process shawing the adwntages of considering the passibility of relocating wnits orignally install=d

fallowing exhsively heuristic approaches and economic criteria

1. INTRODUCTION

Impraper plant Liyont is ane of the Botars contribating to risks
in the chemizl pracess industry. There are numerons exampl e
showing the mmplications of plant Lyowt an safety. One

2 i the explosion in a polpetindens plant in Pasadena,
TXE, LT84 [ 198%) which l=d to 25 Gtabities and an emnomicloss
of about $715 million; the inndaquate distance hetwesn promss
aqm]:lwtwu:d.ﬂi:had.x ans af the main cmses of this
accident’ Tn this cantext, several researchers have prapased
methadalagies far the aptimal fadlity liyont Diz Ovalle et al®
prapased an approach far the aptimal distribotion of new unis
in 2 given lacaton with nstall=d facilities. In this appraach,
the Liyont was selected hased on the warstcase scenanio with
respect to the wind speed and atmospheric conditions in
the cs= of taric releass in the fcilities (naw or existingl The
appraach dso invableed trade.afts betwesn mimmum distance
and minimum risk, finding that the cas: of minimum distanes
provides msafe locations whereas the minimum risk appraach
provdes very large distnes Jung et at? propased a mwed-
integer binmr programming (MILF) p:uh]un far the aptimal
lacztion of new units in a dsoete terrain, where the
minimization fo1 the cost acounting far the risk in each disoets
grd was mnsdmed Vimguer-Romin et Fily incaTporated
stnchastic parameters regarding the wind speed and atmeasphenic
canditians in a bmooc gas release, where the approach was hassd
on a mired integer nanlinesr programming (MINLP) problem,
finding mumearial bations due o the noncomver natnrs
of the problem. Beddes the allocation of new mnis, mather
importnt fictor & congder i the mracton amang  facilitie
This interaction can be considered by evaluting the inter
camedion fsk and @st Along those lines, Flan and "r'-crg‘
prapased 2 methodalogy @ evahate the risk assodated with the
supply chain of mmﬂg:s.ﬂﬂﬂ'wdm [se=, far i:'um:p]ts,
Paterson =t al® ';i.TI:I.ﬂ"S, Papapeargion and Rotstan” and Xuo
and Papageargion®) hawe sobved the problem of facility layare,

r ALCS Publications  ©2ms Amercan chimical Saciey

wher new nmts are added in an indnstridl complex in which
same fadlifies are dready mstalled Han et al™ presented an
aptimization appraach for the fdlity Lyoot incoding the
minimization # the human risk Porthermare, El-Flalwagi
ot al®! propased . optimzaton pproach to indude safety
aspects in the optimal ]ua.bm. and supply chan of a hiarefinery.
Martiner Games et al™ incarparsted saety issmes in the
aptimal loatian of treatment mnits assocated with indnstral
wastewater discharmges.

Given the imparane of emnamic and safety aspect,
there & a2 nesd to develop systematic methodologies that
smultaneansly mngder risk evahuation and cost assescment in
plant lavout. As such, the development of aptimal facility lipont
i nat a trivial wsk becamse of the tradeoffs betwesn the fwa
cantradicting abjsctives. Typally, 1 distanes hetwesn
proces squpment imply higher costs | piping, ]:m:pmf, and
wiring, ] and lower risk Furtharmars, the optimal fasility
lacation is alsa 2 fundhion of the mumber of units that have ta be
laczted [Armour and Buffa™).

Currently, several mathadalogies associzted with the alonbs
of the risk in the fadlity liyont problem have hesn reparted,
and ech methadalogy quanthes and ndudes the nsk
different ways; hawever, there are not reported methodaagies
aptimizing simulaneomsly throngh muhtipls abjective fnctians
[forming Pareto frants] the risk and the mst, giving an explidt
relition betwesn the tadeoffs of these two ontadicting
abjectives. In the best case, the risk i incloded as 2 weightad
cant in the abjective fanotion (minimizing the risk indirscthy],
a1 is calmlated in the hase of the Lyout abtained by optimizing
the economic objective (anly swhating the risk without
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ABSTRACT: This paper presemts 2 general mathematical
rogramming formulition to determine the aptimal operating
conditions to synthesze manafibers through an electrospinning
process at minimum cost Several relationships hased on
experimental dat for diferant palymers to detrmine the
naofiber dizmetr and msts are proposed Alsa, a2 general
aptimization appraach is propasad to trade off the relationships
between cost and nanafiber diamater. A case study induding the
spedfic relafionships for three pohymers and fve operating
canditions is presented The propased approach is general and it

Fa

Cost < J7 (1)
o = 2 (V)
P | Diaw = =1, )

el ] el Y 0]

MEATHEMATICAL MIODEL

can be applisd to differant cases.

Fiber diamater

EEYWORDS: Optimization, Elactropinning h'.:mqﬁ]:&r; Minbmm cost and diameter, Disjuncive progra mening

B INTRODUCTION

Fecently, the aptmal synthesis of nanofibers has been the
subject of several reseanch eforts This is becamss mnanafibers
have a high poential & be nsed in lomedial applications doe
to their high sufae area with ect o their volomee and
T CTOpOr S structure ™" Besides that, 2 recent market
research repart from BOC Rersarch shows that nanafibers are
cumently the fastest growing segment of the nanoechnalogy
market. Thedr market valoe was 51515 mibon in 2012, and the
farecast is 85702 bilion in 2017, Cumently, there are several
techniques avilible far the syntheds of nmaofibers (i=,
electrospinning, self-assembly, meh spinning, =mplite sm-
thesis, electroblowing, and phase separation). OF these
electrospinning it the mast widely smdied tachnique and alsa
is the mast pramising far tiwne enginesring qplcions =
In the electraspinning process (Figre 1), 2 palymer saltion is
pumped at 2 constint rat through a symnge with 2 small
diameter nesdls that s conneced to 2 high-wltage soune, and
an eladnc fidd is created beheesn the nesdlz and the metalic
collacting plate. The salvent is evaporated hefare reaching the
callecinr, and the final colleced product is 2 mat mmpased of
intercannacted fibers. The morphalogy and hber dizmeders
pradued by electrospinning are key parameters for potntial
bhiomeadizal a::p]i-:tiu:m:.ur" Difterent parameters influence the
tb:h'\n:}l:um% pracess to yield namofihers fom pahmmer
salntions, ™ and several studies hawe focused an uu]}mﬁ
the effect of these parameters. In this regard, Thompsan et al

found that the valumetric charge densty, distane fram noezls
to collectar, imtal jetforthe radms, relaxation time, and

wpr ACS Publications o 2003 Amercan themeal sy

viscasity have the mast signiicant efiect an the jet radms and
therefare the final fiber diameter, wheress ather parameters
such as initial palymer concentration, soltian density, electric
ptential, perturbabion ﬁ'aqlu-:n:p, and solvent vapar pressurs
have moderste effects. Trwar ot al™ suhated the sffec of
viscasity in the electraspinning process Heldki et al™ utilized
an arthogonal experiment] dedign in the electrospinming
process nsing Polyamide.d; the anshmed parametrs wens
pahmer grade. viscasiy of salution, salt content, salvent grads,
voltage, distance, noese size, and fesding pressre of sahmion
In this stdy, the vismsty of the solubon was the main
parameter inflnendng the fiber dizmetars, while the sabt content
and strength of the electric fidd had strong effects. Maldd et
al* implemented 2 genetic algorithm for anahwing the
clectrospinning proes & determine the optimom nanahber
dizmeeter; in this appraach, the initial pahymer mnentraton, jet
radins, eledrical poenta, relamtion fime, initHal songaban,
viscagty, and distmce betezen noxml: md collachr wers
anahzed. Sencadas ot A evilnatd the parameiers in the
db:h'm'_pm:g pracess to synthesize nanafibers from chitysan.
Kang et al™ deemined the interadbion betwesn samez
parameters in the electrospinning process Tarres (Giner ot
a1 stndied the affect of malecular weight, polymer
concentration, TEA/TCM ratin of sobents, and dsane
betwsen the nomle tip and the mllectar an the marphalogy
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ARTICLE INFDQ ABETRACLCT

Aeticle Wi Inthis paper is pressnted anows approach fordesigning sustainable migeneraton sysems (e, hearing,
Revefval 55 Howe eies 2003 waling and power generarion cycles ) integmted with heat exchanger networks and acoounsing simul-
gf‘?;:wm tanecushy for soomamic, envinon mental and sedal dssues The trigenaration sy em is comprisad of steam
- "iﬂmﬂm“ and organic Kankine cpcles and an a refrigaration cyde. Multiple sus@inahle energy sounoes

such as solar energy, bhiofusts and fossil fuels are oonsiderad © drive the szam Rankine gycle The mode]
5 aimed o s2lect the aptimal waorking fluld o operars the arganic Bankine cycle and o de=rmine the
aptimal sysem to operas rhe atsanprion refrigaration oycle. The residual snergy avallahlein the steam

Freadlale enline 11 Jane 2004

::m ;-'u.;:m... Fankine cycle andjor the process socess heat can be employed © run both the organic Bankine cycle and
T ——— the atsorpoon refrigerarion cypce no produce elecrridty and refrigeragon below the ambient =mpen-

o e Rl cpcle rure, mespectively. Two example problems ane presented fo show the appliahiling of die propossd

Oiga sl Raslies Opcle
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& 3014 Elsewier Lrd. All righs neseneed.

L Introadwction

MHowexlays energy is ane ol the mas timpor tant resowr s and at
the mame time ane of the most relevant wne ms around the waorkl
arwing o Tas taeple tion of none-rene wable fuek, the global wanming
and the dimate change Far these reasans, several govermments
haree promoted the ime ofcleansr spergies throwgh ta credits aned
thers have been invested signifiant economic resounces to
searching Tor albemative energies to mitigate e environme mtal
sy 1L In this sense, power plants aml inlustries consume
eparmous amowns of il el o satisfy the slacthdty and
utiliies demands Since fw decades aga, several researdies
prignitized this topc and Tooused their imvestigations an the
i ation of recove ry process heat through the mimmication of
extemal wilities using HENs (heat exchanger networks ) where
thers are smme steams requiring coaling and athers nesding
heating (e the paper review by Morar and Agachi 2] None-
thekess,  previous  approadhes lave besn  concentrated  in

= Cosespoanling atba. Tel: +53 43 303000 F77; Lo +52 443 DR384
Emal afdheas jerpearsoedd wEnachuen, ot i il oo e b o
(1% Poesce Ohmegal

b el i g | I DD ST e gt WO O 11
HEL 54000 2004 Elevbed Ll AT sightls ness dved.

synthesidng HEMs withag consilering the energy interaction
among the HEN and the aszodated utility system

Morsover, nowacdays there are significant snvimmmental, eoo-
nanic and social coneerns about the wtility systems; this maindy
azadated ta the depletion of natural resources, socio-eoonanic
develapment and global climate changs Jdue to GHGE (gresn-
house g emissions ), especially OOy emissions asociated with the
uze aof sl fuel. Furthermore, when the economic and enviran-
mental critera are priontized together with sogal aspects, sus-
tainable processes are generatd Recently, industrial processes
Tarve e el el res el tor comsicler thee threse as pects of 21s tainability
For a halistic develipment. In this amtest, significant sacio-
sogmomic and envimmmental benefits can be achieved through
the aptimal synthesis of trigeneration systems (i2, cogeneration
sysbems for comibine d heat, coaling and power production) that are
integrated with HEN and use renewable energy resounces a5 pri-
mary heat sources to reduece frail fosl consenption aned GHEE
Therefare, the objedive of this paperis © present a mathematical
formulation for the simultansows synthesis of sustainable trigen-
erabon systenms and HEN, whers the optimal working fhad 1o
operate the ORC (organic Rankine opde) is detenninsd a5 well as
the optimal system to run the AR (al=orption relrgeration) opcle,
cansilering the energy inte radion amang the & Ferent subsy stems
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A methededayy I prevented for spimeing hvbrid renewable energy-fomil fuel sywieme with shorsderm hear goerage. The
cenniiclered xyiiem Iy an alopiien-refnyerdion (AR) ¢ vele integraied wih o hedw exwchanyer nefwork (HEN) requiring
cereding belew andeient temperanire. The AR cyele can be drven by muliiple enengy sowrces inebeling excess energy frem
Fexd provcesy dreaow, renewable eneryy senirees Oedar aned Bisfuels ), and feval fuels, A swo-siep approach baved on mized
Integer nonlinear proyromming meSedy i wed for the opimizaton Firss, the preblem of spiimal enerygy inegregion in
the Fkrid eneryy spvdem witheud head derage i selved on o meenihly Basy by minimizing amudione casly the ol anned
cerd amel the gverall presnhenme pas emiscions. In the weond sep, the mds-tank shermal enenry siorage (TEY) dexipn
problem iy welved. The desiyn invelves the idenifeaion of the oprimal numbe r of gempe sanks, their size s, configurin
wndd erpertion pedicie s, The TES spimizmien & carried ol on an henely boiis while ineorporating the dexyn fargeti
e e prvinedd By dhe forss sgep, € 2003 American Instituie of Chemical Engmeers ANCRE J, 60 908030, 2014

Reywerrds: head ingegragon, renewable eneryy, selor eneryy doroge, mudonank Sguwd weter TES, heat exchanger ner-

werrk, abserrptieen refrigerager, sudainahle sesems

introduction

Maowadays ane of the mest imporntam protlems amund the
warkl &5 the proper we af energy hecause af e cument
depletion of nomenewable fuels a5 well as &ie emvimnmenial
mmues pemeraded when fosg] fuels are wed Comnsequemly,
fhere 15 a need fo replace fiss] fuels with cleaner forms of
energy (ie, hiofuels, sobr energy, wind energy, etc) hut, 2
the =ume gme, it is required o ohtin ecomomic henefiz.,
This situation has promoted that a grewing numher of gove
ermments armumd the workl heve encouraged the use of clean
energies dimmgh tax credhits. In this sense, the chemical and
petrochemical induwsTy is mow imteresied m using cleamer
forms af energy hecause this is e of the most imporant
enerpy comsumers, which wypically is oltained from fissl
fuels with e afimementmed problems that recquire to he
mraperly addressed.,

Waste heat from hat process streams in industoial plams is
rememved hy using different types of coaling systems. Ahave
ambient temperature, the reciroulating ocoaling waler sysem
is the most commom method to remove the process wasie
heat, Several methadalogies have heen reporied in the liera-

Do epnkno maxssag bex st dadd besddooosd o 1M ae-Oecm
lﬂﬂl;fﬁ'uﬂﬂ:hm #
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ture for abtaning the aptimal de<ign of these heat rejectiom
sysiems (Le., Kim and Smith* degigned 2 cooling system
oomsidering 2ll dhe components and the mercims between
onaling water networks and the wower performance; Picins
Mifiex et 2l imraduced 2 meduxdalagy for designing coal -
ers inchihing pipmg omt, exchanger omt and pumping
coms Comavis et al? presemted an appoach for the sys-
tematic performance analysis of a ocooling water system;
Ponce-Direea et al ! prapased an aptimization for the simal-
tamenus symthesis and detiled design of reciroulating coaling
waer sysems; Pace-Oitery et 2l mooporated 3 disjue-
tive programmmg formulation fir the optimal design of
cadling waker sysems; Pancedies et al® reporied a
MINLF mexlel for syndesizme coalmeg networks; and
RubiceCasimg et al.” adcressed a systematic appraach fir the
synthesis of reciroulating cooling water systems :i:|'r|.'-:|?|1.-'i11%I
detwiled design of cooling towers, amnd RubioCasmao et al
applizd this approach fir recucig e temperatures of hee
aquenws effluent sireams). (o e other hand, vapors
compression refrigeration syslems are commemly used W
remive heat from process streams 2t suhambiem fempera.
tures. However, these mefrigeration systems mvolve high
aperating coss and very expensve compressars. Absamdom
refriperatimm (AR} cycks are an afiractive alemative i
mechanical refrigeration echmbigies o provide the neces.
sary oaling over maoderate low temperature kevel

March H14 Vol 60, No. 3 09
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Exchanger Networks

Luis Fernando l.ira—Barrag.in,+ osg Maria Ponce- IEI'rti:g;;tJ""r Medardo Serna- ll_“n:rrl:zfi.h:z,'r

and Mahmoud M. El-Halwagi™*

"Chemicad Enginesring Diepartment Universidad hMichoaana de San Wicalis de Fidalgo, Mareliz, Michaacin de Champa, 55060,

Meawico

* Chemica Engineering Diepartment Texas AEM University, Callsge Station, Texas T7843, United Stabes
‘l.n’n.dj'nnct Faculty at the Chemica and Materials Engineering Department, Fing Abdulze Universty, Jeddah, 215583, Sandi Arabia

ABSTRACT: A navel superstructure.hased approach for syntheszing sustznable trgeneration systems [ie, heating, cooling,

and power generation opcles] integrated with heat

& netwarks is presented in this paper. The trigeneration system

acounts far steam and arganic Rankine grclas and an sheorption refriperation cpcle. The stam Rankine cpcle an be driven by
multipls primary energy sowrces (ie, solar, biofueds, md foscd fek) for mstznable peneration of powsr and process heating,
The wasts snergy from the steam Rankine cpcls andfor the exoess of proess heat an be used to drive both the arganic Ranline
cyde and the shsorpton IEEr:iga.tiunqﬂetﬂ pradoe power and process coaling belne the ambient temperatire, respecively.
The synthess problem is formulated a5 2 multichjective mived mtsger nonlinear programming problem for the smulaneoms
cansideration of the economic, environmental, and social dimensions of sustainshility. Twa example prablems are presenisd

show the gpplicshility of the proposed methadology.

1. INTRODUCTION

Mowadays there are several energy problems around the warld
such as the depletion of nanrenswahle foels, as well as the global
warming and the dimats change aused by the greenhonse gz
emissons [GHGE) released to the environment fram the
combustion of fossl foek iz, ol cmal and natral gas).
Currently the cheapest way & abtain energy is from fossd fels,
and szveral gowernments have promoted thense of cleaner farms
of energy (1e, salar, wind hiofusls, waste process heat, et )

Uitdkity spstems (L= combined cooling, hesting and power) are
widely mied in industrial processes to meet the heating, maling,
and dectricity demands (ses Figore 1], whars nemally fosdl fosls
arz humed Ta rednce the mn tian of externa] ntilities, heat
exhanger networks [HENs) have be=n implemented to
marimize the recovery cf:pmhuth-m:}umghgit'hm
hot process streams (HFS) that have & be coaled and ald
process streams (CP5) that have to be hested'™ The
methad ol agies far syntheszing HENs have heen widely classified
a5 sequential approaches based an pinch m.ﬂ}ls:i:q.‘w stachastic
mﬂmd.:,” and mathematical programming hased techni
-:|'|1-=|:.":'_"I It should be noted that the abovementonsd
mathadalogies have besn mnontrated an the syntheds of
stand-done HEN5 and have not tidken into acoount the
interactions hetwsm the FIENW and the wtility spstem. To addness
the prablem af heat and pawer intgration with the indnstrial
pro@ses, 3 numher of methods have been repored in the
lizrature. Same= of them are hasedon thermeadynam ic principles
and hemstic mules,'™"™ and others nse optimization techni.
ques."* " In addition, ttal site analysis, which is an evenson of
pinch analysis, has played an impar@nt rale in sahing the
prabiam athest nd power hy;ﬁuninud: n:f:prm sarved
by acentral ity mm'h‘ Furthermars, nonlinear targeting

w5 ACS Publications o008 Amercan Chemicd Secey

madels | the marimom sconomic sav i ating heat
pumps mmg';JtﬁtﬁhmFmtadhyE;g:}cmw nﬁl’:’?m“
Par pracesses that operate abave ambisnt tempera: narmally
recroulating coaling watr systems are nsed to provide the
required maling wility. Recendy, same warks have considersd
the maling tower design tgether with the synthesis of the
aszacizted HEM ar cooling water netwark to propaly take inta
acmmt their interactions = Alsa, far proeses that require
helme amhisnt maling, Pance: Ortega et al ™ and Lira Bamagin
etal™ published mathematical programming hased approaches
ta address the problem of multishjective aptimization of
ahwarption refrigeration (AR) opcles that are integraed with
HEN=

Tradibonally, the emnomic, environmental, and social
dimensions of sustinability’™™ have not besn smultmeoushy
cansidered to eva mate the perfarmance of indw i d processes. In
recent years, different muoltiohjective aptimization approaches
that anly indud= ecanamic and emdranmental aspects havehezn
propassd to salve different enginsering ]I'-a'h]-u'n::.‘lh“ Then,
same warks have balanced smuohansonsly the sconamic,
enviranmezntl, and saga uhjﬁ:l:i\::."“'

It should be noticed that signibicant socoecanamic and
enviranmeent] benefits can be adhisved through the aptmal
synthesic of trigensration systems (is, copeneration spstems
comiining heat, coaling and power production) that are
integrated with FIENs and nse rensawahls TEROTIOSS 3%
primary head sources to rednce fassil fuel comumptian and
GHGE Therefare, the ohjedive of this paper is to present a
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ABSTRACT: A general optimmation model is propased o detrmine the optimal plant liymnt with the smultaneosos
cangideration of economic and safety aspects. An impartant characteristic of the proposed optimization mode] is that it dlows the
reloction of same of the existing unit & redoce the risks assodated with current locations. The formulation alio allaws
the addition of new mnits. A multiohjective mived integer lnear programming madel [MO-MILP] is dewloped o determine the

aptimal laation of new and existing mnits whils accomnting

for mst and risk. The prap

aned made] 35 anabyzed throngh a case

study far 3 hexane distillation process shawing the adwntages of considering the passibility of relocating wnits anginally installad

:F:l]hw:ing exnsively hewristic approaches and economic crteria

1. INTRODUCTION

Impraper plant layont is ane of the Scotars contributing ta risks
in the chemiz] pracess industry. Thers are numarons axampl =
showing the implicatons of plint Lyowt on safefy. One

= is the explacion in a palyethdens plant in Pasadena,
T, USA [195%) which lad to 25 ftalitizs and an emnamicloss
of abour 5715 million; the inadaquate distance betueen prooss
aqm]:mtwu:d.ﬂ'l:hadx ane of the main camses of this
2scident " Tn this context, several researchers have propassd
methadalogies for the aptimal fadlity liyont ThzOwalle et al®
prapassd an approach far the optimal distribotion of new units
in a given location with installed faclities In this approach,
the layout was selacted hased on the worstcase scenano with
respect to the wind speed and atmosphenic conditans
the @2 of taxic releass in the foilities (nav ar existing]l. The
appraach dso nvolved trade-afts betwesn minmum distance
and minimum risk, finding that the case of minimum distance
pravides wnsafe locations whereas the minimum: risk approach
provides very large disnnes Jung et al? proposed 2 mared-
intzger nar programming (MILF) :pmh]-u'n for the aptimal
lacstion of new mnits in 2 disoete terrain, where the
mimmizatian for the cost accounting far the ridk in each disarete
grd wx onudemed. Vimguner-Romin ef al* incarparatsd
sinchastic parameters regarding the wind spead and atmaspheric
candifions in a tawic gas release, where the approach was hased
an a mived nizger nanlinear programming MIMNLF) problem,
finding mme=rial Lations due & the noncomeex natre
of the prablem. Beddes the allocation of new unik, anather
impartant fctar © consider is the interaction amang ﬁ.\:l'.hbﬁ.
This intetaction can be considered by evahuting the ner-
camnedion risk and st Alang thase knes, Fln and ‘r‘-erg
prapased a methodalagy & evalate the risk assodated with the
supply chan of mtmﬂg:s.ﬂﬂlﬂ'mudm [5em, for El]m:p]tﬁr
Patersan et al® '-'u.'n:lﬂa\_ Papageargion and Rotstain” and ¥n
and Papageargion®) hawe sobved the problem af fadlity lpnmt,

g ACS Publications @ 2018 American chemical Sty

wher new nmts are added in an mdosinad campler in which
same ficlifies are dready mstalled Han ot 2™ presented an
uptu'nm.mn appraach for the Gdlity Lyout including the
minimization @ the human sk Forthermars, E-Fawag
et al'' propased o aptimiaton gpraach to indude safety
aspects in the optimal ]a-:.muﬂs'u]l]iy chain af 2 hiarefinery.
Martiner Gomez et al" incorporated safety ismes in the
aptimal bation of treatment wnits assadated with indnstoa
wastewater dischames.

Given the importne of emnamic and safety aspecs,
there i 2 need to davelop systematic methodologies that
smutancansly ansder risk evalation and cost assessment in
plant lapo. As such, the development of aptimal faclity Lipout
i% not 2 trivial @k hecanse of the tradeaffs between the twa
cantradicting ajectives. Typaly, | disanes  hetwesn
process equpment imply higher costs (piping, pumping, and
wiring, et=] and Jawer risk Purtharmare, the optimal fasiliny
location & also 2 fundion of the mmber of wnits that have ta be
locsted (Armamr and Bufa™)

Enn'uﬂp, several methadalogies associated with the alonls
of the risk in the faclity Lyout problam have been reparted,
and @ach methodology quantties and indudes the rsk in
different ways; however, there arz not reparted methodalogizs
aptimizing smulanemsly through muttiple abjecive functians
[forming Pareta fronts) the rick and the mst, giving an explist
relation hetween the tradeaffs of thess two mntadicting
amectives. In the hest case, the nisk s inchoded a5 2 weighted
cast in the abjective fundton [mindmizing the ridk indirectly],
ar is calmlated in the base of the layout obtained by aptimiEng
the economic objective (only swhating the ride without

Receved: oly 14, 2013

Revised:  amoasy 15, 2014
Accepled:  Febroary 15, 2014
Published: Fehoary 18, 2014

icbr.chod. oagy 1 001002 1 R0 | thd Mg, Chere, P 31018, 50, TeR0—-Trel



kanlef liss Rewntion b B¢ Pocss ladases 13 (005 12910

Contnts lists available at Scionce Diroct

Journal of Loss Prevention in the Process Industries

journal homepage: www.alsavier.com/locate/jlp

Optimization of facility location and reallocation in an industrial plant
through a multi-annual framework accounting for economic and

safety issues

® CrassMark

Juan Martinez-Gomez *, Fabricio Napoles-Rivera *, José Maria Ponce-Ortega ™,
Medardo Serna-Gonzidlez *, Mahmoud M. El-Halwagi *¢

3 Chemical Exginensing Degu mmens, Usiversifad Mikodcana de San Nanks 6 Mdiln, Mosbia Mikaais 35056 Mexo
b Chenical Erginoering Dopartmeens, Tens ASM Uniesity, Callepe Sawion, TX 77543, USA
€ At Facaly o che Qhemicaland Mo dals Exgfnnedng Depumnens, Ning Aldabiziz Ui sity, WX Saudi Arabia

ARTICLE INFO ABSTRACT

Aicle Mawey: The industnal Lyour tradmmonally has been addressed acounting for the fialmes dismibudon and
Received 25 Felroary 2004 isallagon since the first day of operation of the plang this 15 without conmdening furure expansions
?:"";‘;‘:)‘:’ fomn that imolve additional faglities in the furure opention years This way this paper propases a maxhe-

AT M Ak maical progamming formulaion for the opamal facility sitang and reallocxion in an industry ac-

counting for furure expansions and involving simultansously economic and sdfety objectves The
propased formulation 15 hased on a multi-annual framework and this corresponds to 3 multi.objecove
mumad in=ger linear programming problem The proposed optimizadon approxh was applied to 2

Aovaildyle onlise 2 Decesnder 2054

m’.“ caze study for the faality sitang (office buildings and contral rooms) in an ethyiene axide plant The
Faciliy begion economic objecive funcnon imvolves the minimzation of the tom] annwal costaccounang for the value
Mobiobj e opt iz Son of the money through the ame and the safety objecve function imvolves the minimezation for the
Faciliy hyex accumulzed risk over the operation time. Rasults show the applicadility of the proposed approach.

© 2014 Elsevier Ltd All righ= resenved

1. Introduction

During the last decades several acciklents have occurred inine
distrial faglities which have represented several Gtalities and
high economic lasses The inxdequate facility layout has been
wlentifiee] as one of the mast important causes of suwch aoddents.
Wsually, the teclmo-economic aspect has been the main Betor
considersd in the wlegion of the layout of a plant, where sharnt
distances commonly are preferred because Jow costs for piping
punping and interconnection. In this cwntext, Jayakumar and
Reklaitis (1994) propossd an approach for optimizing the plant
lnyout via graph partitioning for a single Jevel which was then
extendex] for multiple Jevels by Jayakumar and Reklaitis (19961
Ceargiadis and Macdhietn (1997) propasexd a formal optimization
appraxch for Lyout process plants. Papageorgiou and Rotstein
(1998) presented 3 mathematical maodel for the optimal plant
layout invalving continwus domains. Georgiadis et al. (1999) re-
ported] 3 mathematical programming approach for proaess plant

* Comepanding athx.
Emal afdeis jupoe @amichoo (JM Fosce-Oraegal

Mo M doios g/ 103055 [ ip 205411021
MS0-4230/0 2004 Elevier Lid Al 1720 e d.

lLyout. Pentexdo and Gric (1996) reported 3 mixed-integer
nonlinear programming optimization approach for safe process
plant layowt. Patsiatzis and Papageorgiou (2002) reported an opti-
mization madel for multi-floor process plant layout, which was
then improvex] by Patsiatzis and Papageorgiou (2003) Cuirardello
and Swaney (2005) incorporated the pipe routing in the plant
layout optimization Park et al. (2011) reported 2 mathematical
madel for the optimal multi-floor plant lyout involving safety
distances. The main disxivantage for these layouts is the high
assodated risk; this is because of the short distance between
dangerous units and the high manber of workers that can be
affected] by an accilent. To avercome previous imitation, recently
same methodologies Tave been proposed for the Beility layout
accounting simul taneously for econamic and afety as pects In this
context, Patsiatzis et al (2004) reporeed 3 mixel-integer linear
programming mexlel to safe process plant lyout Grosel (2004)
reported some guidelines for fadlity siting and layowt for chemi-
cal plants accounting for afety issues. Taylor (2006 ) incor porated
safety issues in madeling LNG Beility siting. Tugnoli et al (2008a)
reportedd an approach for safety asesment in plant layout, which
was then applisd by Tugnaoli et al. (2008). Diaz-Ovalle et al (2009)
reported] a study for comparing detenninistic versis stochastic
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ABSTRACT: Ambyox is an impartant fwative nsed in the
mamfctre of perfomes It & obtdned throngh mmplex
chemical synthesis romtes with high msts Becent research
efforts at the Institnte of Chemical and Biologial Reseanches
at the Thniversidad Michoacana have led to the ane-step
synthesis of Ambrar fom extracts of Agerating jocatepecana
[an endemic plant of the Stae of Michoacin in Mericol
This naw chemical rout is attractive from 2 manufacturing
perspective However, thare are several challenges for the
indnstrial application aof this pant and #s incorparation in the
supply chain of the ])u'f'ume indnstry. This paper presents a
mul fiokj ective aptimation pproach for the development and
asseomment of the supply chain of Agrating jocobmasans to

SUFPLY CHAIN OF AMEX

acount for it growth in oument and reclimed lnds, distobution, proessing to yisld Ambrox, and distribution of products
The appraach amomts far the emnomic, emironmental, and sadal aspects and establishes spstematic trade.affs A case stody is
salved to consider the supply chain and the trade-affs of the multiple objectives

EEYWORDS: Ambrox, Azsrating jocotepecana, Pacfume indusry, Ohptimizasion, Supply chain

B INTRODUCTION

The three man @mponents of 2 perome are fagrant als,
fxaves, and salvents A hxative is 2 matral with low valatbty
that pravdes the bing: term scent, aides in maxing with the other
materials, and extends the shatlif of the parhome. The fratives
are typially expansve ingredients of the 'pu:l'm'rs:' A cammanly
nzed hxaive s Ambergric, which & a2 wary matrial prodoced
in the digestive spstems of ertain whals species (Physstr
mazrocaphalus] Bacapse of the limited spply of Ambergris
and its rdawely high mst, synthatic dternatives have been
considered. A particol arl yeftective synthetic i tive substitmte, is
Ambrox [ [=)8ex 12 difydromy: 13,1415, 16 tetrmarkbdne). >
The chamical structure is shown in Figure 1.

Figure 1. {hemical srocore of Asbas

w5 ACS Publications  o2m s Amencsn chemicd Sacey

21350

All the chemical rontes reported to symthesize Ambror invalwe
several chemical steps having high processng msts, lang reaction
mmdmﬂe}umg mnditians such ashigh presmreand
tﬂ'r"pﬂ';tm-_ Th=e rontes pose challenges for proftability
and munuficuring sabely. Fecently, Agerating jacabepecana, an
endemnic plant of the Sfte of Michoacin in Mewica, has besn
characterized to mntin hbdme dierpenss that are precorsars
af Ambrox” FPurthermare A jocotepecana extracts also cantain
[—)-8-12 dihpdromy- 15,14 15,16 tetrmarhbdme, which is a
diract preoursar far the gyntheds of Ambrox becmss 1 nequmnes
anly ane reaion [chemial cychization] to obfin Ambrox
{Figure 2).°

The preparation of Ambrox by the chemdical cpclization of
[—)8er 1 2 dihpdromy- 15,14,15, 16 tetranorabdane abtainsd
fram the stems of A. jocotpecang affers severdl advantages awr
cwrent chemizl synthesis routes, redndng the synthess to
anly ane step under mild andtians and kigh conversion rats.
Thus, i i5s impartant to detamine, & least preliminary, of it has
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Multiple Steady 5tates in Thermally Coupled Distillation Sequences:
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ABSTRACT: The desipn, optimiation, and aniral of thermally compled distillaion ssquencs with side columns have heen
extensively stndied in the hterature. Energy savings of up to 3% have been repored for such systems; forther, dymamic
simulations show that the thearetical mntrol properties and dased.loop dynamic responses of thermally compled distillatian
sequenaes are hetter than thoss of the mavention] distillation ssquences. In this paper, we haw exrended the optimization
search for the energy required an the ssparation of 2 emary mirturs, detecting two fashle solutions for the mergy required in
the rehailer for the same vaiue of the inferconnacting stream (multiple steady states), filing the gap shout this topic an thess
systems. The multiple stady states detected in the thermally conpled distilation sequences [TCDS] were subjeced @ a
cantrallability analysis and a dosed-doop dynamic simdy. Accarding to the controllability analysis, the steady state with higher
demand of energy in the reboiler presened heter thearetical contral properties than thoss of the steady sate with lower

requiremant in the reboder. Cansgittent with the contrallability resolts, when the teo steady states were smdisd nnder dhosed loop
wing FI amntrallers, the best dynamic responses for st paint tracking and load rejection were exhibited by the steady state

design with the higher energy requirement in the reboder.

1. INTRODUCTION
Beause distlation it an indostrial speration with hi h enagy
demand and 2 very Jnw thermodynamic effidency, ™ severa
studies have been ondoged in order to mitgae those
prablzms Tedder and Rudd’ presented a very camplete study
of the energy requiraments of eight distilldion sequences for
the ssparation of termary mirtures. They compared complax
distilation sequances, including the thermaly conpled
distilltian sequences (TCDS) with gide calumns, against the
classial diredt and mndirect disbllafion ssquences, obtaining
energy savings of arownd 3% by wing the TCDS with side
colmmns in ca isan ta conventianal distllation sequences
far temary mivtures [ABC) with low content of the
intermediate component

Glnos md Malons’ amimated the amomnt af vapar
femeratd in the reballer under minimom reflm ondibans
far compler and conventional distillation ssquenes. They
conchided that sn‘.infpi af armond 30% in the minimom vapar
generated in the reboilers were achiaved by nsing TCDS with
side colomns

Several studies have reparted that TCDS can reduce capital
casts and energy requremsents in the range beheeen 30% amd
Smi_:iqn D:l'n:pi.'r.imn to the conventional distllabson sequen.
a7
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Despite the energy savings achieved in the camplex
distillation sequences, it was thought that their contral and
aperation could be mare diffimlt than in the conventional
distillation. ssquenoes dux to the presence of recpcle stremms
Haweer, pasterior sindies evaluted their contral proper
tiag™ ! and showed that their cantral propertiss were 25 good
as thaes of the mnwntiom] distllation sequencs md smilar
closed loop dynamic respansas wers presented

Becently, it han been reparted that TUCDS and reactive
distillation systems can show steady state muohiplicty doe to
their compler physimchemical hehaviar.™ ™ In the case of
hnding multiple steady states, a contral properties anahysis can
help to select those aperatonal parameters that reslt in the
best dynamic performance. b this wark, comparative studiss
are conducted an the thearatical mntral propertizs and dased.
loop dymamics respanses far set point tradeing and laad
rejection far some steady states found within the regions of
multiplicty in the TONCS systems; then, thess smdies allow os
to select the hest steady state in terms of cost and mntral This
i significant since thes: Knds of complex distillation sequenas

Becdwed: |uly 9, 2014

Revised: Owoher 20, 2014
Accepted: Owmoher 20, 2004
Pablished: Cwuwber 20, 2004

kol gy L TG RO | thad, fing. T e 00 E, 5, 173 =175



