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ABSTRACT

Process integration is refer to as Energy integration if the aim is to optimized the use of energy in a process plant.
Energy integration of Vacuum Distillation unit of Kaduna Refining and Petrochemical Company was carried out,
using the principle of Pinch Technology. Optimum Temperature approach of 10°C was obtained, the pinch point
was found to be 370°C. The cold utility requirement for the traditional approach and pinch analysis were found to
be 0.31 and 0.19MW respectively, while the hot utility requirement were found to be 0.32 and 0.24MW respectively.
Hence pinch analysis as an energy integration technique saves more energy and therefore save more cost than the
traditional approach.

Keywords:. process integration, Energy integration, Pinch analysis, Optimum temperature approach.

INTRODUCTION

Energy integration is a subdivision of a widerdielf Process integration, which is an efficientraggh that allows
industries to increase their profitability througdduction in energy, water and raw materials comgiomn, reduction
in green house gas (GHG) emissions, and waste g@rerWhen specifically applied with the aim oftiogizing
energy consumption, the process is termed enetggrition. Process integration when combine witteotools
such as process simulation, is a powerful apprdhah allows engineers to systematically analyzenaiustrial
process and the interaction between its various par

Prior to the energy crisis of the 1970s, chemidahis were designed using the traditional desighrigjues which
involve mass and energy balances, rules of the thignod engineering judgment and creative abilitythe
designers. Such design were neither optimal indesfrenergy consumption nor in capital cost inwe$id. Since
then however, much attention has been directe@tégriprocess design, particularly in the arearo€gss network
design or process synthesis or process integratigmocess integration method called the pinch gtesnethod
(pinch technology) was developed in the late 1970 success of the pinch design method was dubeto
discovery of the heat recovery pinch phenomenonR#jch technology became available to industryuai®80
and since then its application to both new desagsretrofits has become well established [3]. itgfes designed
and installed before 1980 did not enjoy the berdfinsights from new developments in energy sav@ainologies

[4].

Pinch technology is a thermodynamically based neetboanalyzing and understanding the energy flowsrocess
plants, and subsequently determining the absoluténmam energy requirement of the plant for a spedif
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minimum temperature of approach [5]. It identiffgactical process changes to minimize energy itgpatprocess.
It simply gives the designer a rigorous targettiioww much energy a process plant should be usirdyhaw this
target can be achieved.

The aim of this work is to develop an energy inign of vacuum distillation unit of Kaduna Refigeand
Petrochemical Company (KRPC), using pinch technokggproach.

This aim can be actualize through the realizatibthe following objectives: Collection of Desigmatd, Operating
Data and Piping and Instrumentation Diagram of \aeudistillation (VDU) Unit of Kaduna Refinery and
Petrochemical Company (KRPC); Identification of H8bld and Utility Streams in the Process (VDU):efihal
Data Extraction for VDU Process and Utility Strear@gelection of InitialAT ., Value; Construction of Composite
Curves and Grand Composite Curve; Estimation ofildinm Energy Cost Targets; Estimation of Heat Excjeat
Network (HEN) Capital Cost Targets; Estimation opthum AT, Value; Estimation of Economic Trade-off
between Operating Costs and Capital Cost; Perfar@iptimization by calculating the net present dosal for
utilities and capital over a range &fT,,, values and obtaining the optimum; EstablishiTg,;, Optimization Plot,
Capital Cost Plot and Utilities Cost Plot.

1.1Description of the Vacuum Distillation Unit (VDU)

In this unit, additional liquid is recovered froimet residue of atmospheric distillation at a pressafr4.8 to 10.3
kPa. The vacuum, which is created by a vacuum poimrgteam ejector, is pulled from the top of thedovDften,
instead of trays, random packing and demister paglsised. These materials are therefore distiltebuvacuum
because the boiling temperature decreases witlerilog of the pressure.

The residue from the vacuum contains most of thelercontaminants such as metals, salts, sedinmgnifur,
nitrogen, etc.

To improve vaporization, the effective pressurigered even further by the addition of steam tftirnace inlet
and at the bottom of the vacuum tower. Additiorstefam to the furnace inlet increases the furnaoe telocity and
minimizes coke formation in the furnace as welblasreasing the total hydrocarbon partial pressutbe vacuum
tower. The amount of stripping steam used is atfonof the boiling range of the feed and the fiactvaporized,
but generally ranges from 10 to 50 Ib/bbl feed .

The feed is pre-heated in heat exchanger trainfeshdo fired heater, the heater outlet temperai@ntrolled to
produce the required quality of distillate and des. Structure parings are typically used as towtrnals to
achieve low flashzone pressure and hence to maidigillates yield. Circulating reflux stream elemaximum
heat recovery and reduced column diameter.

A wash section immediately above the flashzone ressthat the metal content in the lowest side dimw
minimized. Heavy distillate from the wash traysésycled to the heater inlet or withdrawn as metil

The operating pressure of the column is about @.Z.5kPa, at a lower temperature than that of theospheric
tower. The utility requirement of the unit pef of feed is outlined below:-

Table 1.0: Utility Requirement of the Unit

Utility Quantity
Electricity, KWt 5
Steam, MP, kg 15
Steam Production, LP, kg 60
Fuel oil, kg 7
Water, cooling m 3
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Figure 1.0 . Schematic Flow Diagram of VDU for the Purpose of Pinch Analysis
(Refining processes 2006)

The overhead stream light vacuum gas oil can beé ase lube base stock, heavy fuel oil, or as feedconversion
unit. Heavy vacuum gas oil is pulled from a sidavdr The vacuum residence can be use to make asphiltan
be sent to a coker or visbreaker unit for furth@cpssing.

MATERIALSAND METHODS

2.1 MATERIAL

The materials used include process flow diagraniDjPshown on figure 1.0 and operating data of theuum
distillation (VDU) of the Kaduna refining and petteemical company (KRPC), Maple program pinch apitia
software and Microsoft Excel Spreadsheet.

22METHOD

This area presents all the steps involved in tladyars, designing and optimization of Heat Exchasdéetwork of
Vacuum Distillation Unit (VDU) of Kaduna Refininghd Petrochemical Company. The procedures invohatd d
extraction, process simulation and pinch analy3ise procedure involved analyzing of the existingaHe
Exchangers Network of the Preheat train of the imnitrder to extract all the necessary informatiequired for the
analysis. The use of pinch technology in the enemmservation area remains the focus of this work.

The data extractions are obtained from feed andlymtocompositions from the laboratory data andaste
temperature, pressures, flow rates from PFD. Tleel fearameters and True Boiling point (TBP) obtaiigd
laboratory analysis shown in table 3.1 and 3.2 wesed in carrying out the process simulation. Ttream
temperatures, mass flow rates, and pressures Vgereseful in carrying out the process simulation.

The process simulation was necessary in order terrdane the stream duty and CP (Heat capacity xwhte).
These parameters were used in carrying out théa@nalysis.

Maple program was used in carrying out pinch anglysd the maple procedure for running the maaleutation
is shown in figure 2.0 below:-
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2.3Maple Procedurefor Running Pinch Calculation

Stream Data Specification (Cold and Hot Streams)

.

vStream Grid

!

Initialization of Minimum Temperature Approach (dTmin)

Generation of Composite Curve

v
Generation of Grand Composite Curve

l

Economic Trade-off between Operating Costs and Capital Cost

Utility Data

}

v

Capital Cost Data

v
Optimization of Minimum Temperature Approach (dTmin)

VL

Minimum Temperature Approach Optimization Plot

!

Utility Cost Plot

A 4

Generation of Composite Curve

!

Generation of Grand Composite Curve

Figure 2.0: Pinch Analysis Procedural Stepsusing Maple
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The heat exchanger network has the task of heatidépr cooling a collection of process streams. §theam data
specification were carried out for cold and hoasns.

The cold stream data arrays were defined as follows
Stream ID, CP (kW/K), Tsupply (K), Ttarget(K), HWR
The hot stream data arrays were defined as follows:
Stream ID, CP (kW/K), Tsupply (K), Ttarget (K), R

The stream grid gives a visual representation efhbating and cooling requirements. The followioghmand is
typed under stream grid in maple code to displayStrteam Grid:

> Stream Grid ();
The following command is typed in the maple progtardisplay the composite curves:

> pl: = plots [point plot] (HC data, connect = traelor = red):
P2: = plots [point plot] (CC data, connect = traelor = blue):

Plots [display] (p1, p2, title =CC title, labeldH(kW)’, Tshifted(K)’]

The following command is typed in the maple progtardisplay the grand composite curves.
> plots[pointplot](GCCdata,title= GCC title, connetrue,

Labels ['H(kW)',‘Tshifted(K)'];

The optimum selection of the dTmin value is madeobyimizing the trade-off between operating costd the
installation cost of the network. The installatioinlarger heat exchangers can reduce operating tmsutilities but
at the expenses of a higher capital cost for thevoré&. The trade-off is best made by minimizing tet present
cost of capital and operating costs.

For utility data, the calculations need informatabout the available utilities.
Cold and hot utilities constants were entered ipl&&ode as:

> Cold UtilityNPC factor: = 70:

Cold utility T (K)

Cold utility heat transfer coefficient (kwW/sqm-K)
>hColdUtility:=.4:

Hot utility usage net present cost factor (SNPC/kW)
>hHotUTtilityNPCfactor:=500:

Hot utility T (K)

>hHotUTtility:=2.:

The heat exchanger cost formula ($) used for daqitst data is:
In (cost) = capA + capB x In(are&)w capC x In(area,fif

The capital costs were entered into the Maple esdellows:

>capA:=7.5:
capB: =0.24:
capC:=0.06:
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The heat exchanger capital costs are adjustecttpuithase year by a factor.
>CostAdjust:=1.2:

The sum of heat exchanger costs are scaled tostaled network cost by a Lang factor.
>LangFactor: = 5.:

The capital NPC factor is needed to convert thétalagost to net present cost terms.
($NPC/$capital)

>CapitalNPCfactor:=90.:

The optimization is performed by calculating the present cost total for utilities and capital oaeiange of dTmin
values. The following optimization starting valuange and increment were entered in Maple code as
>dTstart:=10:

Range:=20:

Increment:=2:

ans:=OptimizeData(dTstart,Range,Increment);

The optimization plot was generated at minimum terafure approach (dTmin) in Maple code by entethme
following command:

Plots[pointplot](NPCvalues,titte=NPC vs.dTmin:
‘[[ans.connect=true,labels=[‘dTmin(K)’,'NPC($M)]);

The capital cost plot was generated in Maple cadentering the following command:
> plots[pointplot](NPCvalues,titte=NPC vs dTmin;

[[ans.connect=true,labels=[dTmin(K)’,’NPC($M)]);
The utility cost plot was generated in Maple coglebtering the following command:

> plots[pointplot](UtilityNPCvalues,title=Target Uity Costs ($M) VS dTmin’,
connect=true,labels=['dTmin(K)’,'NPC($M)']);

RESULTS

Laboratory Data
The laboratory data includes the data from the @B&lysis, which is required in running the simwlati

Table 3.1: True Boiling Point (TBP) from Laboratory Analysis

Feed % vol. distilled | O 4 |9 |14 |20 |30 [40 |50 [60 |70 |76 | 80
Temperature’C -12 | 32 | 74 | 116 | 154 | 224 | 273 | 327 | 393 | 450 | 490 | 516

3.2 Extracted Data

The Extracted data includes data obtained fromPthB, such as the feed stock density, feed conditimhflow rate
and the supply and target temperature of all theasts in the unit. The result of the data extracitabulated
below:-

Table 3.2a: Feed Stock Density

| Feed Stock Density 879.8kg/m |
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Table 3.2b: Data Extracted from Operating M anual

Parameter Feed TemperaturéQ)
Feed Flow rate (kgmole/h 637.2
Feed TemperaturéQ) 395
Feed Pressure (kPa) 15

Table 3.2.c: Data Extracted from Process Flow Diagram

Sream |D 1 2 3 4 5 6
T supply(°C) | 168.1 | 1151 | 321.1 | 275.6 | 373.7 | 3615
T target(°’C) | 115.7 | 120 275.6 | 168.1 | 3615 | 321.1

3.3Simulation Result
After running the simulation the following resut®re obtained for the CP and the heat Duty (H).

Table 3.3: Simulation Results

Stream ID | CP(kj/kg) | Duty(kW)
2.386 4.620 x 16
2.177 4,918 x 16
2.889 3.653 x 16
2.73% 3.972 x 1€
2.990 4.309 x 168
2.954 4.429 x 16

OB |WIN|F

3.4Energy Target Results

Table 3.4a: Hot Minimum Utility Requirement for Traditional Energy Approach and Pinch Analysis of VDU Main fractionators of
Kaduna Refining and Petr ochemical Company

Hot Utility (MW) Hot Utility (MW)
Traditional Energy Approach Pinch Analysis
0.32 0.24

Table 3.4b: Cold Minimum Requirement for Traditional Energy Approach and Pinch analysis of VDU Main Fractionators of Kaduna
Refining and Petr ochemical Company

Cold Utility (MW) Cold Utility (MW)
Traditional Energy Approach Pinch Analysis
0.31 0.19

Table 3.5: Experience and Selected ATmin Values

Experience Selected
Types of heat transfer ATmin Values (°C) | ATmin Values(°C)
Process streams against process sti 30-4C 35
Process streams against str 10-20 15
Process streams against cooling watgr 10-20 10
Process streams against cooling air 15-25 15
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Shifted Composite Curves @dTmin=10.K; QH=240. QC=190. and Pinch=370. ;
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Figure 3.1: Shifted Composite Curve of VDU Main Fractionator
Grand Composite Curve @dTmin = 10.K; QH=240. QC=190. and Pinch =370.;
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Figure 3.2: Grand Composite Curve of VDU main Fractionator
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DISCUSSION

The result obtained from the laboratory analysig] the data extracted from the process flow diagasah the
operating manual is discussed as follows:-

3.2.1 Laboratory analysisresult

The result obtained from the True Boiling Pointlgws as indicated in table 3.1 shows that the biéng point of
the feed ranges from 32 to 516°C, and the volume of distilled at those points W and 80% of the feed
respectively. This analysis was necessary becheseBP result was required in running the simufatio

3.2.2 Data Extraction results

The result extracted from the process flow diagesuth the operating manual is shown in table 3.2aegvghat the
density of the feed is 879.8ginwhile the feed flow rate and temperature aregetyely 637.2kmole/h and 396,
The feed stock density, the feed temperature, presand flow rate were also necessary in ordeatoyout the
process simulation. The simulation was carriedtoubtain the CP and the heat duty of the stredims.CP, Heat
Duty T supply and T target were used in carryingtbe pinch analysis. From the result of the piaoalysis, the
cold and hot utility requirement of the unit wastaibed. These requirements were compared with dhahe
traditional units.

3.2.3 Simulation results

The simulation was run to compute heat capacities feeat duties, which are required in carrying thet pinch
analysis, (energy integration in this case). Hysgs used in carrying out the simulation. As shawtable 3.3, the
heaz)tB capacities of the six streams range from 2886954 JK/kg and the heat duty range from 45620 to 4.429
x 10°.

3.2.1 Energy target results

Figure 3.1 is the shifted composite curve (tempeeaenthalpy) profile of heat availability in theopess (the “hot
composite curve”) and heat demands in the proctws ‘fcold composite curve”) together in a graphical
representation. Figure 3.1 show that the heat @vailin the process is 0.24 MW while the heat demanthe
process is 0.19 MW. This shows that more heat isetoemoved from the process than heat to be sdpfdi the
system. Figure 3.2 (Grand Composite Curve) alsdirmoed this results while at the same time givihg pinch
temperature of the process as %70

The results show that the utility heating of tharplis far less than the utility cooling of the mtlaTherefore any
utility heating supplied to the process below tiwch temperature cannot be absorbed and will bextej by the
process to the cooling utilities, increasing theoamnt of cooling utility required, hence waste ofesgy (cold
utilities) by the VDU Main Fractionator.

3.2.2Energy saving between the traditional energy approach and pinch technology for VDU main
fractionator

The hot utility requirements of traditional energgproach and pinch analysis obtained in Table 8&é&.32 MW
and 0.24 MW respectively. The cold utility requirents of traditional energy approach and pinch amsishown in
Table 3.4b are 0.31 MW and 0.19MW respectively.sTdhiows that pinch analysis energy integration savere
energy and utilities cost than the traditional ggesipproach. This statement is in agreement wighaiure, which
states that pinch analysis as an energy integrégidmique saves more energy than the traditiamedgy technique

[6].

3.2.1 Minimum temper atur e approach

In order to generate targets for minimum energgete theAT i, value was set for the probleffT ., or minimum
temperature approach, is the smallest temperatffezethce that was allowed between hot and coleasirs in the
heat exchanger where counter-current flow was asdurhhis parameter reflects the trade-off betwespital
investment (which increases as thg,;, value gets smaller) and energy cost (which goesndasvtheAT i, value
gets smaller). For the purpose of this work, atidhvalue ofAT,,, was assumed, and the maple program calculated
an optimum value for thAT,,,. Typical ranges oAT ., values that have been found to represent the-treider
each class of process have been used. Table 33 $ipical numbers that are appropriate for mafipeey units
such as VDU Units, cokers, crude units, hydrotnsaaed reformers.
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In this study a\T, value of 18C was used, which is fairly aggressive for VDUsisTik applied to all process-to-
process heat exchanger matches. Rather differade-off apply for heat transfer between processasis and
utilities, so typically separat®T ., was define for each utility.

CONCLUSION

It has been shown that pinch analysis as an ernetegration technique saves more energy and aslitbst than the
traditional energy technique, and this means ytiitd capital cost saving. The minimum approachptrature of
10°C was used to determine the energy target and miaiti discover was 37G. There is, therefore, urgent need
to carryout retrofit of vacuum distillation unit mafractionators of Kaduna Refinery and petrocheiéompany in
order to increase its profitability.
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