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ABSTRACT

Energy Integration of Catalytic Reforming Unit of Kaduna Refinery and Petrochemicals Company were carried out
using Pinch Technology. Optimum minimum approach temperature of 20°C was used to determine the energy
target. The pinch point temperature was found to be 278°C. The utilities targets for the minimum approach
temperature were found to be 72711839.47 KJ/hr and 87105834.43 KJ/hr for hot and cold utilities respectively.
Pinch analysis as an energy integration technigque saves more energy and utilities cost than the traditional energy
technique.
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INTRODUCTION

Energy saving in the Nigerian industrial sector sageral possibilities, due to the fact that, atnadisthe industrial
equipment stock in Nigeria were imported during ¢ of cheap energy. Consequently, they are inligrenergy
inefficient [1]. Pinch technology is a complete hadology derived from simple scientific principleg which it is
possible to design new plants with reduced enenglycapital costs as well as where the existinggs®ses require
modification to improve performance. An additiomabhjor advantage of the Pinch approach is thatjniply
analyzes the process data using its methodologge sm energy and other design targets are preldicteh that it
is possible to assess the consequences of a négndesa potential modification before embarking actual
implementation. Process integration Pl, is an igfficapproach that allows industries to increasdr throfitability
through reduction in energy, water and raw mateigahsumption, reduction in green house gas (GHi@3stons,
and waste generation [2]. Process integration, aoedbwith other tools such as process simulatisra powerful
approach that allows engineers to systematicabiyyae an industrial process and the interactiowéen its various
parts [3].

PI technology may be applied to address the indlisésues such as, energy saving and green hassergission,
optimization of batch processes, optimization ofddegen use, reactor design and operation improvemen
minimization of water use and waste water productiptimization of separation sequences, wastemidaition,
utility system optimization and investment costuetibn [4].
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The power of pinch technology lies in two factdisgse includes its ability to quickly evaluate gmnomics of
heat recovery for a given process and the guiddmmevides regarding how a process can be modifieatder to
reduce associated utility needs and costs [5].

MATERIALSAND METHODS

The procedure involved data extraction, processilsition and pinch analysis. The methodology invslaealyzing
the existing Heat Exchangers Network of the uniobiider to extract all the necessary informatiorunemgl for the
analysis [6].

Data Extraction

This involved thorough study of the Process Flovagdam (PFD) and Laboratory analysis of the feed dé/h
Naphtha) and Products (Reformate) of CRU in ordezxtract all the necessary and available inforomatequired
to carry out the process simulation, and the pentalysis of the unit. The stream temperaturesspres and mass
flow rates, were also extracted from PFD for cawgyout the process simulation [7A]he process simulation was
necessary in order to determine parameters suttteagream duty and CP (Heat capacity x Flow natéth were
used in carrying out the pinch analysis with theeafiAspen HX-NET program and maple software [8].

Methodology for Pinch Analysis
The procedure for carrying out pinch analysis isvamin figure 1.

STEPS OF PINCH ANALYSIS

IDENTIFICATION OF HOT, COLD & UTILITY STREAMS IN THE PROCESS

THERMAL DATA EXTRACTION FOR PROCESS & UTILITY STREAMS

SELECTION OF INITIAL DTmin VALUE

ONSTRUCTION OF COMPOSITE CURVES & GRAND COMPOSITE CURVE

ESTIMATION OF MINIMUM ENERGY COST TARGETS

ESTIMATION OF HEN CAPITAL COST TARGETS

ESTIMATION OF OPTIMUM DTmin VALUE

ESTIMATION OF PRACTICAL TARGETS FOR HEN DESIGN

DESIGN OF HEAT EXCHANGER NETWORK (HEN)

Figure 1 Steps of pinch analysis
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Process Simulation Procedure

Hysys Process Simulator was used for the processilaiion of the plant streams. The source and targe
temperatures of all the streams, mass flow ragesi &nd product compositions of the feed and ptanfube plant
were used for obtaining the specific heat capacdied enthalpies of the streams [9]. The proceduas follows:

Thermodynamic Selection (Fluid
Package)

v

Component Selection

v

Chemical Reaction

v

Feed and Product Specification (Feed
Condition and Comnosition)

v

Process Flow Diagram

v

Simulation Results

v

Hysys Spreadsheet

Figure2: Process Simulation Stepsusing HYSY S

Table 1 Catalytic Reforming Unit Feed Specification

Feed Condition Value
Vapour phase fractio 0.37325
Temperature’C) 93
Pressure (bz 21.084:
Mass Flow (kg/hr) 142454
Heat Flow -2.6E+08
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Maple Simulation Procedure
The procedure for carrying out Maple Simulatiomssshown in figure 3.

Stream Data Specification (Cold and Hot Streams)

hJ

Stream Grid

l

Initialization of Minimum Temperature Approach
(dTmin)

h 4

Generation of Composite Curve

!

Generation of Grand Composite Curve

I

Economic Trade-off between Operating Costs and
Capital Cost

h 4
Utility Data

I

Capital Cost Data

!

Optimization of Minimum Temperature Approach
(dTmin)

!

Minimum Temperature Approach Optimization
Plot

v
Capital Cost Plot

'

Utility Cost Plot

.

Generation of Composite Curve

l

Generation of Grand Composite Curve

Figure 3: Pinch Analysis Simulation Procedure
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RESULTSAND DISCUSSION

Data Extraction

The data extracted for catalytic reforming unit CRéed specification, the laboratory analysis of fieed
composition, the catalytic reforming unit processl aitility heat exchangers inlet and outlet tempees and
enthalpies, hot minimum utility requirement unit foaditional energy approach and pinch analysipegence and
selectedAT,,, values, shifted composite curve of catalytic refimig unit and grand composite curve of CRU main
fractionator results are shown in Tables 1,2, 3, fegures 4 and 5 respectively [1-9].

Table 2 Catalytic Reforming Unit Feed Composition

Components Mass Compositign
n-Butane 0.010
n-Pentane 0.100
i-Pentan 0.00(¢
n-Hexant 0.10(
n-Heptane 0.100
n-Octane 0.010
n-Nonane 0.010
n-Decane 0.010
Mcyclopentan 0.10¢
2Mpentan 0.10¢
Cyclohexane 0.100
Benzene 0.010
Toluene 0.010
Hydrogen 0.340

Table 3 Catalytic Reforming unit process and utility heat exchangersinlet and outlet temperaturesand inlet
and outlet enthalpies

Stream Name Inlet Temperatuf€) | Outlet Temperaturé@) | Enthalpy (kJ/hr)| Flowrate (kg/hr]
LP SEP LIQ_To_STRIPPER FD C 30.99 198.62 84007940.1 215507.58
FRAC BTMS_To_HT PROD 279.22 46.11 71295403.33 12598
TO RB_To_Boilup@COL2 279.22 320.76 31076571.64 83360
COLD FEED_To_COLD FEED A 29.44 87.78 12080969.6b 2881.64
REACTOR EFFLUENT IN_To_RX EFF B 361.67 28.33 249983.02 230148.92
TOTALH2_To TOTALH2 A 47.67 254.44 26068458.94 8962
FRAC CHG_To_FRAC CHG A 281.00 239.30 26068458.94 9420.95
TO RB_To_Boilup@COL1 281.00 309.12 61887687.16 4862
Rx Charge_To_HEATER OUTLET 124.61 337.78 170151289 230148.92
To Condenser@COL1_TO_STRIP OH VAP@COL1 85.00 35.00 15266730.50 39883.04
To Condenser@COL2_TO_ISM CHG@COL2 95.10 29.44 388955 82423.25

Energy Target Results

Table4 Hot Minimum Utility Requirement for Traditional Energy Approach and Pinch Analysis of CRU of

Kaduna Refining and Petrochemicals Company [10].

Energy

Process Simulation Energy Value
(Energy Value before Energy Integratio

Pinch Analysis Energy Value
h)Energy Value after Energy Integratio

)

Heating Cost Index ($/s 8.58E-02 8.58E-02
Heating Load (kJ/hr) 192756945.9 72711839.47
Cooling Cost Index ($/s 5.08E-03 5.08E-03
Cooling Load (kJ/hr) 989456712.4 87105834.43

Table5 Experience and Selected ATmin Values

Type of heat transf ExperienceATmin values (°C Selecte ATmin value (°C)
Process streams against process streams 30 -40. 35
process streams against steam 10 -20. 15
Process streams against cooling watgr 10 -20. 10
Process streams against cooling air 15 -25 15
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Figure 4 Shifted Composite Curve of Catalytic Reforming Unit
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Figure 5 Grand Composite Curve of Catalytic Reforming Unit

Data Extraction
Table 1 revealed that the feed temperature, presand flow rates were 8@, 21.0843bar and 142454kg/hr
respectively. The laboratory analysis of the feedhposition in Table 2 showed that hydrogen hashiighest
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composition of 0.340 as compared with results bentomponents of the feed. Heat loads and tempesafor all
the streams in the process were required for tla¢ ingegration carried out; this is shown on TaBleurnaces
which provide utility heating in the Catalytic Refieing Unit had its design represented for firedtbeafor the
pinch analysis as a heat source of a single temyerthat is hot enough to satisfy any anticipdtedt load in the
unit. The air cooling and water cooling likewis@mesented heat sinks at a single temperature [11].

Minimum Temperature Approach

In order to generate targets for minimum energgdts theAT i, value was set for the proble®T i, or minimum
temperature approach, is the smallest temperatffezathce that was allowed between hot and coleastis in the
heat exchanger where countercurrent flow was assuifleis parameter reflects the tradeoff betweentalap
investment (which increases as tiE,;, value gets smaller) and energy cost (which goesndasmtheAT i, value
gets smaller). For the purpose of this study, Bfranges oAT,,;, values that have been found to represent the
trade off for each class of process were used.eTalshows typical numbers that are appropriateniany refinery
units such as CRU, cokers, crude units, hydrotreated reformers. In this studyAd i, value of 26C was used
which is fairly aggressive for CRUs; this is apglit® all process to process heat exchanger mat&tadker than
different tradeoffs application for heat transfetieen process streams and utilities, sepaBtg values for each
utility were defined.

Pinch analysis Target Results

The shifted composite curvée(mperature-enthalpyrofile of heat availability in the process (the “hot cormsip®
curve”) and heat demands in the process (the “coldposite curve”) were represented graphicallytasve in
Figure 4. It showshatthe heat available in the process is 72711839.4% hile the heat demand in the process is
87105834.43 kJ/hr. This shows that more heat Isetsupplied from the process than heat to be rethfveen the
system. Figure 5, Grand composite Curve of CRU €libiivat the Pinch temperature of the process wa¥27

The results show that the utility heating of thanplis far less than the utility cooling of themila Therefore any
utility heating supplied to the process below tiech temperature cannot be absorbed and will ectejl by the
process to the cooling utility, increasing the amtaf cooling utility required, hence waste of eqpefcold utilities)
by the CRU.

Energy Saving between the Process Simulation (N@rdy Integration) and Pinch Analysis (Energyegnation)
for CRU

The cold utility requirements of traditional energgproach and pinch analysis obtained as showraloeT4 were
989456712.4 kJ/hend87105834.43 kJ/hrespectively. The hot utility requirements of preesimulation and pinch
analysis shown in Table 4 af92756945.9 kJ/hand 72711839.47 kJ/hrespectively. This shows that pinch
analysis energy integration saves more energy #lities cost than the traditional energy approathis statement
is in agreement with literature [11-17] which statleat pinch analysis as an energy integratiomigcle saves more
energy than the traditional energy technique [1B-19

CONCLUSION

The research carried out shows that the utilitiesiahd after energy integration using pinch techmplgave a
minimum approach temperature of 72711839.47 KXdr8¥105834.43 KJ/hr for hot and cold utilitiespestively;

whereas the traditional energy technique gave 182459 KJ/hr and 989436712.4 KJ/hr for hot and sttdams
respectively. Therefore a difference of 37.7% an8%8 for hot and cold utilities were achieved. Mimim
temperature approach of 2D was used to determine the energy target anditioh point was found to be 298.

Therefore, it can be said that pinch analysis asrengy integration technique saves more enerdjtiagicost than
the traditional energy technique.
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