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ABSTRACT 

 
The application of pinch technology has resulted in significant improvements in the energy and 

capital efficiency of industrial facilities worldwide. Pinch technology has played a very significant 

role in identifying energy cost. The simulation was carried out to obtain CP and the heat duty of the 
streams. The CP, heat duty T supply and T target were used in carrying out the pinch analysis. The 

results of the pinch analysis showed that the cold and hot utility requirements of the unit were 
obtained. These requirements were subsequently compared with those of the traditional units. The 

pinch temperature of the process was found to be 370˚C while the hot requirements of traditional 

energy approach and pinch analyses were found to be 0.32MW and 0.24MW respectively. This 
showed that pinch technology and energy integration saves more energy and utilities cost than the 

traditional energy approach. 

 
SIGNIFICANCE: With the increasing 

concern worldwide for the conservation of 

energy resources and environmental 

considerations coupled with the drive towards 

capital cost efficiency, it has become 

necessary for all refineries around the world to 

improve their economic margins in order to 

increase their competitiveness. This can be 

cheaply achieved by the use of pinch 

technology. It is therefore indispensable to 

carryout analysis of the vacuum distillation 

units so as to redesign the heat exchanger 

network of theses units using Pinch 

technology design method.  

KEYWORDS: Energy integration, pinch 

technology, vacuum distillation, process 

simulation, optimization, heat exchanger, 

composite curves.  

 
NOMENCLATURE 

 

Eex = Existing Energy Consumption 

Aex = Existing Surface Area of the network 

KRPC = Kaduna Refinery and Petrochemical 

Company 

VDU = Vacuum Display Unit 

H    = Heat Duty 

CP   = Specific Heat at constant pressure 

T   = Absolute Temperature 

U   = Molar internal energy 

CC =   Composite Curve 

GCC = Grand Composite Curve 

MTA = Minimum Temperature Approach 

HEN = Heat Exchanger Networks

 

1. NTRODUCTION 

Pinch technology presents a simple method for 

systematically analysing chemical processes 

and the surrounding utility systems with the 

help of the First and Second Laws of 

thermodynamics. Process integration on the 
other hand combines with such tools as 

process simulation, a reliable approach that 

allows engineers to systematically analyse an 

industrial process and the interaction between 

its various component parts. Pinch analysis 

was originally considered a new set of 

thermodynamically based methods that 
guarantee minimum energy levels in the 

design of heat exchanger networks; though, 
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presently the term has emerged as an 

unconventional development in process design 

and energy conservation. It is one of the most 

frequently employed techniques under a wider 

field of process integration. Determination of 

energy requirements of an existing plant is 

very important as it helps us know whether the 

plant is saving or wasting energy. Process 

integration using pinch technology offers a 

novel approach to generate targets for 

minimum energy consumption before heat 

recovery network design. The pinch design 

can reveal opportunities to modify the core 

process to improve heat integration. Pinch 

Analysis is therefore used to identify energy 

cost and heat exchanger network (HEN), 

capital cost targets for a process and 

recognizing the pinch point.  

 

2.  LITERATURE REVIEW 

Linnhoff and Hindmarsh (1990) in their work 

developed a systematic method of designing 

heat exchanger network using pinch 

technology. The first attempt to predict the 

surface area requirement of a heat exchanger 

network was made by Townsend and Linnhoff 

in (2002). Their methodology subsists till date 

despite its associated flaws. Kotjabasakis and 

Linnhoff (1996) showed that the cost of heat 

exchanger fouling can be reduced through 

better design using pinch technology. It was 

demonstrated by Smith (1989) that the 

minimum number of heat exchangers required 

in a network can be determined prior to its 

actual design. The first attempt to carry out 

retrofit was made by Linnhoff and Parker 

(1984) where they studied process 

modifications with the heat exchanger 

network. In view of the difficulties 

encountered in this first attempt, Linnhoff and 

Tjoe (1986) evolved a detailed methodology 

for accomplishing process retrofit using pinch 

technology. Fraser and Gillespie (1992) 

applied Pinch technology to retrofit an entire 

oil refinery with a view to saving energy. 

Shokoya (1992) also carried out retrofit of heat 

exchanger networks for debottlenecking and 

energy saving. The methodology devised from 

the preceding research can not handle heat 

exchanger network problems below ambient 

temperatures because of their special feature 

(Wu Shokoya, 1992). To solve this problem, 

another method that determines the feasible 

region for shell and tube heat exchanger 

designs on a pressure drop diagram was 

proposed by Shenoy et al. (2000). Though 

their proposal did not address the gap between 

targeting and detailed design directly, 

Liebmann and Dhole (1992) presented a 

systematic and integrated approach to the 

design of energy efficient crude distillation 

systems. Integrated here implies simultaneous 

consideration of the options in the distillation 

system and the heat exchanger network. The 

approach is based on a combination of insights 

in distillation and pinch analysis. Zhu (1995) 

however developed an algorithm for 

automated synthesis of HEN based on the 

block concept. 

Pinch analysis provides a tool that allows the 

investigation of energy flow within a system, 

and to identify the most economic ways of 

maximizing heat recovery and of minimizing 

the demand for external utilities such as steam 

and cooling water. The approach may be used 

to identify energy- saving process within a 

process or utility system. The ideal time to 

apply pinch technology (or analysis) is during 

the planning of process modification that will 

require major investment, and therefore the 

finalization of process design. An important 

part of pinch technology is the establishment 

of minimum consumption target for the 

energy, water and / or hydrogen required to 

operate the process. Generally the most 

effective way of approaching the complexities 

of pinch analysis problem is to divide the 

problem into two phases: the analysis and 

synthesis phases. 
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3. MATERIALS AND METHOD 

The methodology involves designing and 

optimization of Heat Exchanger Network of 

Vacuum Distillation Unit (VDU) of Kaduna 

Refinery and Petrochemicals Company 

(KRPC). The procedure involved data 

collection, process simulation and pinch 

analysis as well as analysis of existing Heat 

Exchangers Network of the Preheat train of the 

unit.  

3.1 MAPLE Procedure for running Pinch 

calculation  

Stream Data Specification (Cold and Hot 

Streams): 

Cold Stream - The cold stream data arrays 

were defined as follows: Stream ID, CP 

(kW/K), Tsupply (K), Ttarget (K), H (kW) 

Hot Streams - The hot stream data array were 

defined as follows: Stream ID, CP (kW/K), 

Tsupply (K), Ttarget (K),  H (kW) 

Stream Grid - The stream grid gives a visual 

representation of the heating and cooling 

requirements.  It contains the information from 

the steam tables along with the calculation of 

the heat requirement for each stream as H 

(kW) = CP * (Ttarget-Tsupply). The following 

command is typed under stream grid in Maple 

code to display the Stream Grid: 

> StreamGrid(); 

 

Problem Definition Tables - Pinch analysis 

defines the minimum temperature approach 

that occurs within the network as the Delta T 

min.  Its value sets the heating and cooling 

targets for the network 

The following command is typed in the maple 

program to calculate dTmin (K), QH (kW), 

QC (kW), Pinch T (K) and Umin: 

 

> dTmin:=10;  # 10 K is a common starting 

point for the design      

ProblemDataTable(dTmin); 

 Composite Curves - The following command 

is typed in the maple program to display the 

composite curves: 

 

> 

p1:=plots[pointplot](HCdata,connect=true,col

or=red): 

p2:=plots[pointplot](CCdata,connect=true,colo

r=blue): 

plots[display](p1,p2,title=CCtitle,labels=[`H(k

W)`,`Tshifted(K)`] 

> ); 

Grand Composite Curve - The Grand 

Composite Curve is a plot of the difference in 

enthalpies between cold and hot composite 

curves.  The following command is typed in 

the maple program to display the grand 

composite curves: 

 

>  

plots[pointplot](GCCdata,title=GCCtitle,conn

ect=true, 

                 labels=[`H(kW)`,`Tshi 

 

Utility Data - The calculations need 

information about the available utilities. 

Cold and hot utilities constants were entered in 

Maple code as: 

> ColdUtilityNPCfactor:=70: 

Cold utility T (K) 

> TColdUtility:=290: 

Cold utility heat transfer coefficient (kW/sqm-

K) 

> hColdUtility:=.4: 

Hot utility usage net present cost factor 

($NPC/kW) 

> HotUtilityNPCfactor:=500: 

Hot utility T (K) 

> THotUtility:=500: 

Hot utility heat transfer coefficient (kW/sqm-

K) 

> hHotUtility:=2.: 

 

Capital Cost Data - The heat exchanger cost 

formula ($) used is:  

ln(cost) = capA + capB x ln(area,m
2
) + capC x 

ln(area,m
2
)
2
 

 

The capital costs were entered into the Maple 

code as follows: 

> capA:=7.5: 

capB:=0.24: 

capC:=0.06: 
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The heat exchanger capital costs are adjusted 

to the purchase year by a factor. 

> CostAdjust:=1.2: 

The sum of heat exchanger costs are scaled to 

the installed network cost by a Lang factor. 

> LangFactor:=5.: 

The capital NPC factor is needed to convert 

the capital cost to net present cost terms. 

($NPC/$capital) 

> CapitalNPCfactor:=.90: 

 

Optimization - The optimization is performed 

by calculating the net present cost total for 

utilities and capital over a range of dTmin 

values. The following optimization starting 

value, range and increment were entered in 

Maple code:   

> dTstart:=10: 

Range:=20: 

Increment:=2: 

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

 

Minimum Temperature Approach (dTmin) 

Optimization Plot - The optimization plot 

was generated in Maple code by entering the 

following command: 

plots[pointplot](NPCvalues,title=`NPC vs. 

dTmin; 

`||ans,connect=true,labels=[`dTmin(K)`,`NPC(

$M)`]); 

 

Capital Cost Plot - The capital cost plot was 

generated in Maple code by entering the 

following command: 

> plots[pointplot](NPCvalues,title=`NPC vs. 

dTmin; 

`||ans,connect=true,labels=[`dTmin(K)`,`NPC(

$M)`]); 

 

Utility Cost Plot - The utility cost plot was 

generated in Maple code by entering the 

following command: 

> 

plots[pointplot](UtilityNPCvalues,title=`Targe

t Utility Costs ($M) vs. 

dTmin`,connect=true,labels=[`dTmin(K)`,`NP

C($M)`]); 

 

 

 

4. RESULTS AND DISCUSSION 
 

Table 1: True Boiling Point (TBP) From Laboratory Analysis (Feed stock Density = 879.8kg/m
3
) 

 

Feedstock Percent Volume Distilled Temperature (
o
C) 

0 -12 

4 32 

9 74 

14 116 

20 154 

30 224 

40 273 

50 327 

60 393 

70 450 

76 490 

80 516 
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Table 2: Data Extracted From Process Flow Diagram 

 

Parameter Value 

Feed Flow rate (kgmole/hr) 637.2 

Feed Temperature (
o
C) 395 

Feed Pressure (kPa) 15 

 

Table 3: Data Extracted From Process Flow Diagram 

 

Stream I D T supply(
o
C) T target(

o
C) 

1 168.1 115.7 

2 115.1 120 

3 321.1 275.6 

4 275.6 168.1 

5 373.7 361.5 

6 361.5 321.1 

 

After running the simulation the following results were obtained for the CP and the heat Duty (H). 

 

Table 4: Simulation results 
 

Stream I D CP (kJ/kg) Duty (kW) 

1 2.386 4.620 x 10
8
 

2 2.177 4.918 x 10
8
 

3 2.889 3.653 x 10
8
 

4 2.737 3.972 x 10
8
 

5 2.990 4.309 x 10
8
 

6 2.954 4.429 x 10
8
 

 

 

 

Table 5: Hot Minimum Utility Requirement for Traditional Energy Approach and Pinch 

Analysis of VDU Main fractionators  

 

Hot Utility (MW) Hot Utility (MW) 

Traditional Energy Approach Pinch Analysis 

0.32 0.24 

 

 

Table 6: Cold Minimum Utility Requirement for Traditional Energy Approach and Pinch 

Analysis of VDU Main fractionators  
 

Cold Utility (kW) Cold Utility (MW) 

Traditional Energy Approach Pinch Analysis 

0.31 0.19 
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Table 7: Experience and Selected ΔTmin Values 

 

Type of heat transfer Experience ΔTmin values (°C) 

Selected 

ΔTmin values (°C) 

Process streams against process streams 30 -40. 35 

Process streams against steam 10 -20. 15 

Process streams against cooling water 10 -20. 10 

Process streams against cooling air 15 -25 15 

 

  

 

 

 
 

Figure 1: Shifted Composite Curve of VDU Main Fractionator 
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Figure 2: Grand Composite Curve of VDU Main Fractionator 

 

 

 
The cold utility requirements of traditional 

energy approach and pinch analysis obtained 

in Table 2.4b are 0.31 MW and 0.19 MW 

respectively. The hot utility requirements of 

traditional energy approach and pinch analysis 

shown in Table 2.4a are 0.32 MW and 0.24 

MW respectively. This shows that pinch 

analysis energy integration saves more energy 

and utilities cost than the traditional energy 

approach

.  

 

5. CONCLUSION AND RECOMMENDATIONS 
 

5.1   Conclusion  

The following conclusion may be drawn from 

the result of the analysis. 

i)  Minimum approach temperature 10 
o
C was 

used to determine the energy target; ii) The 

pinch point was found to be 370
 o

C; iii) The 

utilities targets for the minimum approach 

temperature were found to be 0.24 MW and 

0.19 MW for hot and cold utilities 

respectively. Pinch analysis as an energy 

integration technique saves more energy and 

utilities cost than the traditional energy 

technique
   

 

5.2      Recommendations 
 Based on the findings of the current research, 

the following recommendations could be 

made:   

i). The Nigerian National Petroleum 

Corporation should carry out retrofit of VDU 

Main fractionators of Area III of Kaduna 

Refining and Petrochemicals Company in 

order to increase its profitability; ii). The 

analysis should be carried out in other units of 

the refinery in order to verify the validity of 

the design so as to save energy cost 
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