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ABSTRACT

In this paper we report the results of integration of residue fluid catalytic
cracking (RFCC) and hydrocracking (HCR) units with a hydroconverting
plant (HRH) in a crude oil refinery was studied. Initially, a target refinery
with available HCR and RFCC units was simulated using Hysys-refinery
simulator, and then HRH unit was added to this complex. After validating
the wide plant simulator using actual and design data, four integration
strategi eswere examined to increasetheyields of gasoline and diesel. These
cases named Simple series, Series, Parallel and Residue upgrading were
compared to the base (designed) one. The results showed that by
implementing the mentioned cases, the production yields of gasoline and
diesel would increase considerably. For thebest casei.e., residue upgrading
strategy, the yields of gasoline and diesel would increase to 6.98% and
53.96%, respectively in comparison to the base case. Moreover, with the
presented integration strategies, without any changes in the operating
conditions, the bottom of barrel could be minimized whilefreshfeed flowrates
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and their impurities remained constant.
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INTRODUCTION

Themarket demand for heavy petroleum products
suchasheavy ail will dedinewhilethedemandfor lighter
products such asgasolineand diesdl isexpected toin-
crease. The projections of the demand for the refined
productsindicatethat middledigtillates, i.e., diesd fuel
andjet fud, grow at thehighest rate. Diesdl fud demand
was projected to grow by 2 % per year worldwide®. In
many countriestheneed for gasolineisacrucid subject;
S0, any improvement intherefinery processtoincrease
theyield of these productsisappreciable.

Hydrocracking (HCR) and residuefluid catalytic
cracking (RFCC) arethe mgjor processesto produce
diesel and gasoline respectively. Moreover,

hydroconverting processes such as hydroconversion
(HRH)™ can beutilized to convert residue and heavy
cutstolighter products.

To study the synergy of theseunits, aprocesssmu-
lator can be applied beforeimplementing any arrange-
ment or integrationin anindustrial scaleplanti.e., a
commercid crudeoil refinery. Hysys-refinery isasmu-
lation tool commercialized by KBC Advanced Tech-
nologies, and AEA Technol ogy-Hyprotech. Thissmu-
lator hasmade significant advancesin detailed repre-
sentation of reactor sections. Mohaddecy and Sadighi®
have demonstrated theability of thissoftwarefor smu-
latingtheHCR and catal ytic reforming units. Leg” gp-
plied Hysys-refinery softwareto study theintegration
of FCC and Hydrotreating units. The research was
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conducted intwo steps. First thesimulation and cali-
bration of theseunitswas carried out, and then theinte-
gration was performed. Theresultsrevealed that in-
creasing the hydrotreating severity decreased the pro-
ductionof SO, andNO, inFCC unit. Additionally, Dean
et al.¥ integrated FCC and HCR unitsto improvethe
conversion of residueto morevaluableproductsinthe
gasolinerange. FCC unit was assumed asthe upstream
unit and productsabovethegasolineboiling rangewere
sent to the HCR unit. HCR offtest streamwasfed to
FCC and the FCC cycle oil was desulfurized and
cracked. Thesmulated integration schemeresultedin
60% reduction of hydrogen consumption. Furthermore,
inthisfield, Talman et a .19 integrated FCC with ther-
mal cracking unit to maximizetheethyleneand propy-
leneproduction.

Inthispaper, initially atarget refinery with HCR
and RFCC unitswassmulated usngtheHCR-smand
FCC-smmodules, availablein Hysys-refinery smula
tor. For the sake of validation, actual and design data
were obtained for HCR and RFCC units, respectively;
then, the HRH plant wasintroduced. Finaly, keeping
congtant thequdity and flowrate of theHCR and RFCC
feedstocks, al unitswereintegrated by various strate-
giestoincreassetheyiedsof diesd and gasoline.

PROCESSDESCRIPTION

Hydroconver sion unit

The hydroconverting unit used in this research
(HRH) isaliquid phase mild hydrogenation (at 60-100
amand 400-500°C) processfor upgrading extra-heavy
oil which alternatively could be used asfeedstock for
refineries”. The main objective of thisprocessisthe
breakup of high molecular weight hydrocarbonstolight
and medium mol ecular weight products. Thisprocess
isanove method of upgrading heavy residueto lighter
productsinwhich two typesof reactions, namely, crack-
ing and mild hydrogenation occurssimultaneoudy. The
hydrogenation and operating conditionsallow higher
conversion with minimized cokeformation and poly-
merization (<0.2%wt). HRH processhashigh flexibil-
ity with regardsto thetype of feed and the amounts of
sulfur and heavy meta contentsinthefeed. Addition-
dly, it candiminateadl the heavy metd sand dmost fifty
percent of sulfur componentsinthefeed. Themain prod-
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uctsof HRH aregasoline, diesel and FCC feed stock,
and thedesignedyieldsfor these cutsare 20, 39.6 and
30 wt% respectively on the basis of thefresh feed.

Base case

The base case arrangement takes vacuum gas oil
(VGO) fromvacuum digtillation tower asHCR fresh
feed, and combined it with recyclestream coming from
the bottom of HCR fractionation tower. The RFCC
feediscomposed of light vacuum gasail (LVGO), heavy
vacuumdops(HVS), heavy gasoil (HGO) and treated
resdue(TR). Thelatter isthe product of vacuum resi-
due hydrotreating plant which removes sulfur and me-
talicimpurities; thus, it makes TR asuitablefeed for
theRFCC unit. Inparticular, unlikehydrotregting, RFCC
redistributes sulfur into its products. Consequently, in
al integration strategies, the quaity of RFCC feedstock
has been kept the same asin the base case. Theblock
diagram and flow rates of the base caseareshownin
Figure 1 and TABLE 1, respectively. Both unitshas
been smulated, calibrated and validated using the ac-
tual dataobtai ned from thetarget refinery!®9.

INTEGRATION OF RFCC,HCRAND HRH
UNITS

Four case studiesfor theintegration of the RFCC,
HCR and HRH units have been surveyed. Themain
objectiveof integrationistoincreasetheyield of gaso-
linewnhilst maintai ning feed specificationsof the RFCC
and HCR unitsthe same asinthe base case. TheHRH
unit, utilized for thisresearch, isflexibletowardsvaria-
tion of feed qudlity; therefore, thevariationin thefeed
specification isdeemed not important for thisunit.

Simpleseriesintegration

Theblock diagram and feed flow ratesof simple
seriesintegration strategy are showninFigure2 and
TABLE 2, respectively. Thefeed and product proper-
tiesfor HCR were the same asin the base case. The
HRH unit takesthe HCR offtest sream and theRFCC’s
clarified durry oil (CSO) asfeed. The RFCC recieves
theLVGO, HVS, TR and HGO asfeedstock.

Seriesintegration

Theblock diagram, feed and product flow rates of
seriesintegration strategy are showninFigure3and
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Figurel: Arrangement of unitsand streamsin thebase case

TABLE 3, respectively. Thefeed and product proper-
tiesfor HCR werethe same asthe base case. TheHRH
unittakessome TR aswell asthe CSO, andthe RFCC
unit takesthe HCR offtest. The advantageof thisstrat-
egy over thesimple seriesisthedirect feeding of resi-
dueinto theHRH unit. In cases of deep catalyst deac-
tivation or complete shutdown occurringintheresidue
treatment unit, theflow of untreated residue can bere-
directed to the HRH unit. So, this unit is capable of
removing heavy sulfur and metalic compounds.

Paralle integration

Theblock flow diagram and feed flow rates of par-
allel integration strategy are shown in Figure 4 and
TABLE 4, respectively. The HCR unit takes some

TABLE 1: Feed flowratesin basecase

HCR Feed Flowrate
Fresh Feed Rate BPD 24090
HCR Recycle BPD 13150
RFCC Feed Flowrate
LVGO BPD 10430
HVS BPD 9568
Treated Residue BPD 60860
HGO BPD 5344
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LV GO asfeed, and the RFCC takes some HCR offtest
stream instead.

TABLE 2: Feed flowratesof HRH and RFCC insmpleseries
strategy

HRH Feed Flowr ate

HCR offtest BPD 674.3

CsO BPD 8951
RFCC Feed Flowrate

LVGO BPD 5344

HVS BPD 10430

Treated Residue BPD 60860

HGO BPD 9568

TABLE 3: Feed flowr atesof HRH and RFCC in seriesstr at-
egy

RFCC Feed Flowr ate

LVGO BPD 10430
HVS BPD 9568
TR BPD 60100
HGO BPD 5344
HCR offtest BPD 758.7
HRH Feed Flowrate
TR BPD 754.3
CSO BPD 8927
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Residueupgradingintegration

Theblock flow diagram and feed flow ratesof resi- RESULTSAND DISCUSSION

due upgrading strategy are shown in Figure 5 and o _ _

TABLE 5, respectively. The feed for HCR were the TheHRH unityiel dsvauablelighter productswith

sameasth’eparallel case lower sulfur and metallicimpurities. It hasbeen demon-
Strated that optimum integration of HRHwithHCRand
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Figure5: Arrangement of unitsand streamsin theresidue upgrading strategy

RFCC unitscanlead to the production of the highest
amount of gasolineand diesdl. Four integration schemes
consisting of Series, Simple series, Paralel and Resi-
dueupgrading strategieswere studied us ngthe Hysys-
refinery simulator. Figures 6 and 7 show the percent-
ageincreaseof gasolineand diesel yieldswith respect
to the base case for the presented integration strate-
gies. Thegasolineproductionyield reportedin Figure 6
isthesum of light and heavy ngphthafromthe HCR, full
ranged cracked gasoline (FRCG) from RFCC unit and
gasolinefromHRH; thediesd yieldisthesum of HCR

and HRH diesdl streams. It can be seen that the Resi-
due upgrading strategy producesthe highest amount of
gasolineand diesel in comparisonto thebasecase. In
thisstrategy, al of the HRH-RFCC feed issent to the
RFCCanddsodl of the CSO and the HCR of ftest are
fed to theHRH. Consequently, inthisschemeall the
resduestreamsareeffectively utilized. Dueto theop-
erating conditions prevalent inthe HRH, thisunit is
geared. Therefore, after comparing the presented sce-
narios, wecan concludethat implementing of HRH unit
inthetarget oil refinery can lead the complex to higher
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TABLE4: Feedflowratesof HCR,RFCCandHRH inparalld  diesel production.
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strategy
HCR Feed Flowrate TABLES: Feed flowratesof RFCC and HRH in residueup-
HCR Recycle BPD 11530 grading strategy
LVGO BPD 1690 RFCC Feed Flowrate
RFCC Feed Flowrate LVGO BPD 8741
LVGO BPD 8741 HRH FCC Feed BPD 4660
HVS BPD 9568 HVS BPD 9568
TR BPD 60860 TR BPD 56170
HGO BPD 5344 HGO BPD 5344
HCR Offtest BPD 1688 HCR Offtest BPD 1688
HRH Feed Flowr ate HRH Feed Flowr ate
TR BPD 0 TR BPD 4686
CSO BPD 9021 GO BPD 8983
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Figure7: Thecomparison of growth in diesel production to basecase

TABLE 6: Feed quality of HCR unit in basecaseand integra-

TABLE 7: Feed qualitiy of RFCC unit in basecaseand inte-

tion strategies gration strategies
Ni+  Sulfur IBP FBP Ni+V  Sulfur IBP FBP
HORFeed  (ppmwt) (%) (0) Q) RPCCFeed  (ppmwt) wt%) (O) (Q)
Base 2.98 1.222 309 5164 Base 14.723 1 264.6 592.6
Simple Series 2.98 1.222 309 5164 Simple Series 14.723 1 264.6 592.6
Series 2.98 1.222 309 5164 Series 14.615 1.006 264.6 599.5
Paralld 3.18 1.323 2855 516.3 Paralle 14.874 0.9667 267.3 592.6
Residue Upgrading 3.18 1.323 2855 516.3 Residue Upgrading 13.734 1088 267.3 592.1
———————y BHEMICAL TECHNOLOGY
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Comparing Series, Smpleseriesand Pardldl Strat-
egiesreved sthat Pardld strategy producesthe highest
amount of gasolineand theleast amount of diesdl. Be-
causetheHCR unitisfed thelighter LV GO streamin
theParalldl strategy, it can effectively act asagasoline
booster inthisscheme. From datain TABLES6and 7,
it can be seen that the sulfur and metallic contents of
HCR and RFCC feedstock do not considerably vary
indifferent integration strategies. Asmentioned before,
theproduct qudity of RFCC unitisclosdy tied withits
feed qudity; therefore, the product qudity of the RFCC
is guaranteed under different integration strategies.
Moreover, theimpuritiesin HRH productsare negli-
gible, and thereforethey can be directly added to the
gasolineand diesel poolswith nofurther treatment.

CONCLUSIONS

Themarket demand for heavy petroleum products
such asheavy oil declineswhilethedemand for valu-
able productssuch asgasolineand diesel isexpected
toincreaserapidly. Theincreasing demandfor there-
fined productsindicatesthat middledidtillates, i.e., die-
sel fuel and gasoline, grow at the highest rate. Inthis
work, atarget refinery with availableHCR and RFCC
unitswassmulated and calibrated usng Hysys-Refin-
ery ssmulator, and aheavy oil hydroconverting plant
(HRH) wasimplementedto thisrefinery for maximizing
theoverall yield of the plant. Four integration strate-
gies, i.e., Simpleseries, Series, Parallel and Residue
upgrading scenarioswere studied to enhancetheyields
of gasolineand diesdl. Theresults showed that by ap-
plying those cases, the yield of diesal increased to
39.89%, 41.27%, 37.53%, and 53.63%, respectively.
Additiondly, theyield of gasolineincreased to 4.89%,
4.96%, 5.31%, and 6.98%, respectively. It was aso
confirmed that sulfur and metdlic contentsof HCR and
RFCC feedstock were not considerably affected, as-
sured thequdlity of products, and durability of thecata-
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