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. ; . ABSTRACT ,. . ,.' ..:; .. ,", '.~,;, 

Energy Integration' of Catalytic Reforming Unit (CRU) ofKadun'a'·Refillery' and j>~trochemi~'als' , 
Company Kaduna Nigeria was carried out using Pinch Technology. The pinch analysis was carried 
out using Maple. Optimum minimum approach temperature of 20 °C was used to detemiinethe" ' 
energy target. The. pinch point temperature was found to be 278°C. The utilitie~,~~gets for 'the,. ',' 
minimum approach temperature were found to be 72711839.4 7kJ/hr and 87105834.43 kJ/hr for hot,,;:': 
and cold utilities respectiv~ly. Pinch analysis as an energy integration technique was found,to save' 
more energy and utilities cost than the traditional energy technique. . " ' .... , 
Keywords: Pinch point, CRU, Energy Target, Maple ,,' 

l. INTRODUCTION 

Pinch technology is a complete methodology derived from simple scientific principles by which it is 
possible to design new plants with reduced energy and capital costs as well as where the existing 
processes require modification to improve performance. An additional major advantage of the Pinch 
approach is that by simply analyzing the process data using its methodology, energy and other design 
targets are predicted such that it is possible to assess the consequences ofa new design or a potential 
modification before embarking on actual implementation.(Adefila, I 994}. 

Pinch analysis originated in the petrochemical sector and is now being applied to solve a wide range 
of problems in mainstream chemical engineering. Wherever heating and cooling of process 
materials take place, there is a potential opportunity. The technology, when applied with 
inlagination, can affect reactor design, separator design and the overall process optimization in any 
plant. It has been applied to process problems that go far beyond energy conservation. It has been 
employed to solve problems as diverse as improving effluent quality, reducing emission, increasing 
product yield and debottlenecking, increasing throughput and improving the flexibility and safety of 
the process (Badr, 200 I). 

Energy saving in the Nigerian industrial sector has several possibilities, due to the fact that, almost 
all the industrial equipment stock in Nigeria were imported during the era of cheap energy. 
Consequently, they are inherently energy inefficient. Furthermore. given the fact that energy prices 
had been kept at a low level up to 1985, energy cost has not been a significant fraction of total 
production cost even for energy intensive industry like refineries in Nigeria. The improvement of 
energy efTiciency can provide substantial benefit in general to all the sectors of the economy (Oayo, 
1 994). 
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Process integration lIsing pinch technology offers a novel approach to generate targets tor minimum 
energy consumption before heat recovery network design. The pinch design can reveal 
opportunities to modi fy the core process to improve heat integration: this is possible because 
wherever heating and cooling of process materials takes places there is a potential opportunity. 
(Frank and Evans. 1985). 
Pinch Analysis procedure generally tirst predicts ahead of design the minimum requirement of 
external energy, network area. and the number of units for a given process at the pinch point. 
Thereafter. a heat exchanger network design that satisties these targets is synthesized. The network 
is then finally optimized by comparing energy cost and the capital cost of the network so that the total 
annual cost is minimized. Thus~ the prime objective of energy integration is to achieve financial 
savings by better process heat integration (maximizing process-to-process heat recovery and 
reducing the external utility loads). (Bassey, 1995). 

Catalytic Reforming is a chemical process use to convert petroleum retinery naphtha. typically 
having low octane ratings, into high octane liquid products called reformate which are components 
of high octane gasoline. Basically the process re-arranges or re-structures the hydrocarbon 
molecules in the naphtha feedstock as well as breaking some of the molecules into smaller 
molecules. The overall effect is that the product reformate contains hydrocarbons with more 

. complex molecules shapes having higher octane values than the hydrocarbons in the naphtha 
feedstock.(Chiyoda, 1980). 

2. METHODOLOGY 
This section presents all the steps involved in the analysis, designing and optimization of Heat 
Exchangers Network of Catalytic Reforming Unit (CRU) of Kaduna Refining and Petrochemical 
Company. The procedures involved data extraction, process simulation and pinch analysis which are 
shown under Figure 3. The procedure involved analysis of the existing Heat Exchangers Network of 
the Preheat train of the unit in order to extract all the necessary information required for the analysis. 
As mentioned earlier, the use of pinch technology in the energy conservation area remains the focus 
of this work. 

Data Extraction 

Process Simulation 

Pinch AnalysiS 

Figure 1: Steps involved in the energy integration of CRU unit of KRPC. (Brown, 1998). 

2.1 Data Extraction 
In the analysis of the existing network, a thorough study of the Process Flow Diagram (PFD), Piping 
and Instrumentation Diagram (P&ID) and Laboratory analysis of the CRU feed (Whole Naphtha) 
and product (Reformate) were carried out in order to extract all the necessary and av.ailable 
information required to carry out the process simulation of the CRU plant. The feed and product 
compositions of the laboratory analysis were used in carrying out the process simulation. The stream 
temperatures. mass flow rates. pressures were also extracted from PFD and P&ID for carrying out 
the pinch analysis as shown in Table 1.2 and 3. 

Feed and Product Compositiuns 
from the Laboratory ll11tll 

Sireams TemperjllUrcs, Pressure 
Flo", nates from I'FIl and .,&10 

Figure 2: Data Extraction Steps (Chris and Doug, 2002) 
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2.2 Process Simulation Procedure 
Hysys Process Simulator version 7.1 was lIseo for the process simulation orthe plant streams. The 
source ano target temperatures of all the streams. mass flow rates. teed and product compositions of 
the feed and product of the plant were lIsed t(X ohtaining the speci tic heat capacities and enthalpies 
of the streams. 

Thermodynamic Selection (Fluid Package) 

Component Selection 

Chemical Reaction 

Feed and Product Specification (Feed Condition and Composition) 

Process Flow Diagram 

Simulation Results 

Hysys Spreadsheet 

Figure 3: Process Simulation Steps using HYSYS (Callagba, 1981)~ 
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2.3 IVlaple Simulation Procedure 
The r inch analysis \\as carried OlllllSlIlg tvlaplc soft\\are. fvlapk procedure for carrying oul r lnCh 

analysis is shown in tigure-L 

Stream Data Specification (Cold and Hot Streams) 

~ 
Stream Grid 

~ 
Initialization of Minimum Temperature Approach (dTmin) 

+ 
Generation of Composite Curve 

~ 
Generation of Grand ComDosite Curve 1 

+ 
Economic Trade-off between Operating Costs and Capital Cost 

~ 
Utility Data 

+ 
Capital Cost Data 

~ 
Optimization of Minimum Temperature Approach (dTmin) 

+ 
Minimum Temperature Approach Optimization Plot 1 

~ 
Capital Cost Plot 

~ 
Utility Cost Plot 

~ 
Generation of Composite Cur\'e 

~ 
Generation of G rand Composite Curve 

Figure 4: Maple Pinch Analysis Simulation (Akande. 2008) Procedure 
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3 RESULTS AND DISCUSSION 
3.1 Data Extraction 
Table I revealed that the feed temperature. pressure and flow rates were 93"C. 21.08-l3 bar and 
1-l245-l kg/hr respectively. The laboratory analysis of the feed composition in Table 2 sho\ved that 
hydrogen has the highest composition ofO.3-l0 as compared with other components in the feed. Heat 
loads and temperatures for all the streams in the process were used for the heal integration carried out 
in this project. The catalytic reforming unit process and utility heat exchangers inlet and outlet 
temperatures and inlet and outlet enlhalpies were also used and they are shown in Table I. The 
furnace design which was represented for tired heaters for the Pinch analysis as a heat sources as a 
single temperature that is hot enough to satisfy any anticipated heat load in the Unit. The air-cooling 
and water-cooling likewise \vere also represented as heat sinks at a single temperature. 

Table 1: CRU Feed Specification (Chiyoda, 1985) 

Feed Condition 

Vaoour/Phase Fraction 

Temnernture te) 
Pressure (bar) 

Mass Flow (kR/hr) 

Hcat Flow 

Table 2: CRU Feed Composition 

Comoonents 

n-Butanc 

n-Pcntar~ 

i-Pentanc 

n-I-Icxanc 

n-l-1 cotane 

n-Octanc 

n-Nonanc 

n-Dccanc 

Mc\'C1oocntan 

2~1oentane 

Cvc10hcxane 

Benzene 

Tolucne 

Hvdrot!cn 

l\1ass Comoosition 

0.010 

0.100 

0.000 

0.100 

0.100 

0.010 

0.010 

0.010 

0.100 

0.100 

0.100 

0.010 

0.010 

0.340 

Value 

0.37325 

93 

21.0843 

142454 

-2.6E+08 

Table 3: Hot Minimum Utility Requirement for Traditional Energy Approach and Pinch 
Analysis of CRU of Kaduna Refining and Petrochemicals Company 

E nel1!\' 

Hcatill1! Cust Index (S/sl 

llcutin!! Load (k.J'hr) 

Coolin!! Cost Index (Sis) 

Coolint! Load (kJ/hr) 

Process Sim ulati()n Encl"g)' Value 
(Energy Valuc before Encrgy 
In tl'i! r.-lion) 

8.58E-02 

1927569"15.9 

5.0XE-03 

9X945(7) 2.'-1 
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Pinch Analysis Energy 
Value 
(Energy Value nfter Encrg)' 
Intc!!ration) 

R .58E-02 

72711839.47 

5 .m~E-03 

X7105834.43 
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Tahle -I: Ex pcri e n~ c and S l'IlTlt 'd ITlIl in ,"alllcs 

P roCl::-.:-. S I.rCJIllS a~aill:-.I Co\dilll.! \\ :1\1. .. "1" 

Proc~:;s SU· I,.':lll b ;J!..!ainst Conlin!.! :\ u 

1\111 ri\'II \'l \ l inin 

\ ;lllIn ( ' ( I 

;11 · !l l 

1 (I ,=" 
III .~() 

..... j·ln· [l·!! 
\ fili i II \: lIlI l" 

f - ( " 

I~ 

III 

I:' 

Table 5: Catalytic I{c!'orlning Unit Pru~css and Utilil), II ca l Exc hangcrs Inlet and Outlet 
Temperatures and Inlet a nd Outlet Enthalpics 

LP SEP Ll Q To STRIPP ER FD C 
FRAe RTMS To_liT PROD 

TO R 13 To l30i 1 up(a CO L.:! 

COLD FEED Tll COLD FEED A 
REACTOR EFFLUENT 1:\_To_RX EFF 
IJ 

TOT ALlI2 T o TOTAL 112 A 

FR"(,ClIG To FR ACU IG ,\ 

TO RB To BoilI ID(aCOLI 

Rx Char"" To II EATER OlTlET 
To Condcnscr(a COL I TO ST RII' 0 11 
VAI'(a COL I 
To Condc n scr~1 COL2_ TO_ISM 
CHG(c,CO L2 

Ink l 
Tl' mpcnlilln' 

( 'C I 

JO.9<J 

.:!79.':!2 

279. ~2 

29,-1-1 

, 61.67 

-I7.()7 

2X 1. 00 

2RI.00 

12~ .6 1 

XS.OO 

95 .10 

C uld "'hilh:d CUlilplH it c I'IH I 

'" 

, 

OUllt" 
Te mp eratur e 

i"C) 

~6. 11 

J20.76 

X7.7t-: 

25~. ~4 

]J lJ. JO 

.109. 12 

.137.78 

.15.00 

29.4-1 

EIII h:l lm ' 
(I,JAII') 

71295 .. HJ3J3 

:; I 0 7(,5 7 1.(,~ 

120S0c)()'JJ)5 

2-19()03 .. D9.02 

26U6X-I5X.9-1 

2(,()6 t-:-I5X.1M 

61 ~~7('R7 . 1 (, 

l i Il 15In9.'2 

I 52('('7JO.50 

3857~279.55 

Figure 5: Shined Composite C urve of Ca ta lyl'ic Reforming Unit 
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Flo,,"ralt' 
(I, !.! /h r) 

1 15507,SR 

1257-11.95 

I :' }6~-I .6() 

I 02~(,J .6~ 

230 1-I~ .92 

1 97R9.6~ 

~ Ot),1 7 1.9 5 

~662~~.02 

39RR3.0-l 

82-1 23.25 
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., I ,;" 

Enthalpy,kjlhl 

Figure 6: Grand Composite C urve or C RU Main Fractionator 

3.2 Minimulll Temperature Approach 
In order 10 genera te targets for min imum energy targe ts theil T""" val ue was se t fo r the problem. il T""", 
or minimul11 temperature approach, is the sma ll est tempera ture difference that was al lowed between 
hot and co ld streams in the heat exchangcr whcrc countc r-currcnt flow was ass umed. This paramctcr 
rellects thc trade-o IT between capi ta l in vestmcnt (wh ich increases as the il T""" va luc gets sma ll er) 
and energy cost (w hich goes down as thc ilT""" va luc gets smaller) (Akande. 2008). For thc purpose 
of thi s proj ec t, typica I ra nges of il Tm", va lues that ha ve becn fo und to represent the trade-off fo r each 
class of process have been used. Tab le 3 shows typica l numbers that arc appropriatc for many 
refinery unit s such as CRU Uni ts. cokers , crude unit s, hydrOlrealers and reformcrs. In th is study a 
il Toom va lue 01'20 °C IVas used. which is fai rl y aggressive lo r CRUs. This is app li ed to all process-to
process heat exchanger matches. Rather di fTcrc nt tradc-offs app ly for hcat tra nsfer bctwecn proccss 
strcams and ut iii tics, so we typicall y dc Ii nc separa tc il T""" va lues for each uti lit y. 

3.3 Encrgy Targct Results 
The shifted compos ite curve (tem pcraturc-cnthalpy) pro li le ofhcat ava ilability in thc process (the 
"hot compos ite curve") and heat demands in th e process (the "cold composite curve") togethe r in a 
graphical representat ion. Figure 5 show that the heat avai lab le in the process is 727 11 839 .47 kJ/hr 
whi le th~ heat demand in the process is 87 105834.43 kJ/hr. This. sho ws that more heat is to be 
supplied rrom the process than hea t to bc removed rrom the sys tem. Figure 6 (G rand composite 
Curve) silow that the Pinch temperat ure ortile proccss is 27S "c. 
The results show that the hot/hea ting utility ort hc plant (7271 1839.47 kJ/hr) is far less than the 
coldlcooling utili ty of the plant (87 105834.43 kJ/hr). Tilerd'ore any utility heat ing supp li ed to rhe 
process be low the pinch temperature cannot be absorbed and will bc rej ected by the process to the 
cool ing ut ili ty. increas ing thc amOul1l of cooling util ity required . hence was te or energy (cold 
utilities) by the CRU. 
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3.4 Energy Saving between the Process Simulation (Non Energy Integration) and Pinch 
Analysis (Energy Integration) for CRl1 

The cold utility requirements ortraditional energy approa<.:h and pin<.:h analysis obtained in Table 3 
are 989456712.4 kJ/hr and 87105834.43 kJ/hr respectively. The hot utility requirements of process 
simulation and pinch analysis sho\vn in Table 3 are 72711839A 7 kJ/hr and 1927569-1-5.9 kJ/hr 
respectively, This sho\vs that pinch analysis energy integration saves more energy and utilities cost 
than the traditional energy approach. This statement is in agreement \'lith literature (Bassey. 1995) 
which states that pinch analysis as an energy integration technique saves more energy than the 
traditional energy technique, 

Table 6: Catalytic Reforming Unit Process and Utility Heat Exchangers Inlet and Outlet 
Temperatures and Inlet and Outlet Enthalpies 

Stream ~amc 

LP SEP LlO Tu STRIPPER FD C 
FRAC BTMS_To_HT PROD 

TO RB To Boilup(ti:COL2 

COLD FEED To COLD FEED A 
REACTOR EFFLUENT IN_ To_RX EFF 
B 

TOTAL 112 To TOTAL 1-12 A 

FRAC CIJG To FRAC CIIG 1\ 

TO RB To Boiluo(iiCOLI 

Rx Charl!e To HEATER OUTLET 
To COlxienser@COLl_TO_STRIP OH 
V AP(c/K'OL 1 
To Condenser(t(COL2 TO ISM 
CIIG((l~COL2 - --

3.5 Energy Target Results 

Inlct 
Temperature 

("Cl 

30.99 

279.22 

279.22 

29.44 

361.67 

47.67 

2XI.OO 

281.00 

124.61 

85.00 

9'.10 

Outlct 
Tcmpcratlll'c 

("Cl 

198.62 

46.11 

320.76 

X7.78 

:!X.33 

254.44 

239.30 

309.12 

337.78 

35.00 

29.44 

Enth~llp'y 

(k.J/hr) 

84007940.17 

71 :!9540~.33 

3107657 I .64 

12080969.65 

249903439.0:! 

2606X458.94 

2606R45R.94 

6J 887687.16 

170151289.32 

15:!66730.50 

38572279.55 

Flow Rate 
(k!!/h r) 

215507.5X 

125741.95 

153684.60 

J02X61.64 

:!30148.92 

I 9789.6:! 

209471.95 

466244.02 

230148.92 

39883.04 

82423.25 

Table 7: Hot Minimum Utility Requirement for Traditional Energy Approach and Pinch 
Analysis ofCRU of Kaduna Refining and Petrochemicals Company 

Enerl!v 

Process Simulation Ellcrg~· Value 
(Encrgy Value befol'e Encrgy 

IntcQration) 

Heatin!! Cost Index (Sis) 

Heatil1l! Load (kJlhr) 

Coolin!! Cost Index (Sis) , 

Cool in!! Load (kJ/hr) 

8.58E-02 

I 927'()c)45. C) 

5.08E-03 

989456712.4 

Table 8: Experience and Selected A Tm in Values 

T\,DC of heat tnmstcr 

Process Streams <It!ainst Process Stn:ams 

Process Stream", against Steam 

Process Streams a.gainst Cooling Watcr 

Process Su·cam.o;; against Cooling Air 

Nigerian Journal of Technological Development 8 

Expcrience 
values (Oe) 

JO -40. 

I () -20. 

I () -20. 

15 -25 

Pinch Analysis Encrgy 
Value 

(Energy Value ~fter Energy 
lntel!ration) 

R.5RE-02 

72711839.47 

5.0SE-03 

87105834.43 

Selected 
ATmin ~Tmin vnlucs 

(Oe) 

35 

15 

10 

15 
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Figure -J.. I is the shi ned composite curve (temperature-enthalpy) proti \c of heat avai labi I ity in the 
process (the "hot composite curve") and heat dcmands in the proccss (the "cold composite curve~') 
together in a graphical representation. Figure 4.1 show that the heat available in the process is 
72711839.-1-7 kJ/hr while the heat demand in the process is 87105834.43 kJ/hr. This show's that more 
heat is to be supplied from the process than heat to be removed from the system. Figure 4.2 (Grand 
composite Curve) show that the Pinch temperature of the process is 278 "C. 
The results show that the utility heating of the plant is fllr less than the utility cooling orthe plant. 
Therefore any utility heating supplied to the process below the pinch temperature cannot be 
absorbed and will be rejected by the process to the cooling utility. increasing the amount of cooling 
utility required, hence \vaste of energy (cold utilities) by the CRU. 

3.7 Energy Saving behveen the Process Simulation (Non Energy Integration) and Pinch 
Analysis (Energy Integration) for CRU 
The cold utility requirements of traditional energy approach and pinch analysis obtained in Table 4.3 
are 989456712.4 kJ/hr and 87105834.43 kJ/hr respectively. The hot utility requirements of process 
simulation and pinch analysis shown in Table 4.3 are 72711839.47 kJ/hr and 192756945.9 kJ/hr 
respectively. This shows that pinch analysis energy integration saves more energy and utilities cost 
than the traditional energy approach. This statement is in agreement \vith literature (Smith, 2005) 
which states that pinch analysis as an energy integration technique saves more energy than the 
traditional energy technique. 

4. CONCLUSIONS 
The research carried out shows that the utilities demand after energy integration using pinch 
technology gave a minimum approach temperature of72711839.47 kJ/hr and 87105834.43 kJ/hr for 
hot and cold utilities respectively. Therefore aditrerence of37.7% and 8.8% for hot and cold utilities 
were achieved. Minimum approach temperature of 20°C was used to determine the energy target and 
the pinch point was found to be 278°C. Therefore this work conclude that energy integration 
technique saves more energy than the traditional energy technique. 
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