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Crude Distillation Unit (CDU) and Fluid Catalytic Cracking Unit (FCCU) are important plants in oil refineries which 
presents huge energy consumption especially due to high flow rates of material streams. Any acceptable solution for 
energy saving inside the process is important in this context. The thermal coupling between these two plants also may 
produce economic benefits1 as they have a large potential to exchange energy. The main objective of this work is to 
present retrofit solutions for advanced heat recovery inside these processes and through thermal coupling. To meet the 
objective, process simulation and process integration (Pinch Technology) were used. The two units were simulated 
using HYSYS® simulation environment and the relevant information about process and utility streams were extracted 
from simulation modules. Process integration methodology was used in order to reveal potential and targets for retrofit 
solution by advanced energy integration. More insights in the process allowed finding new possibilities, more 
attractive, for rational use of energy and from applicability point of view.  

INTRODUCTION∗ 

Process integration procedure based on Pinch 
Technology1 has adequate analysis instruments for 
emphasizing the existing and target levels of energy 
use inside a process, but also for synthesis of process 
topology able to achieve the goals (target level). The 
method can also be applied for a group of, or for all 
process units of an industrial site (Total Site 
Integration Methodology2). In combination with 
economic evaluation techniques applied in case of a 
single process unit, the designer gains access to 
useful information about targets for energy import in 
the process and also about topology structure of heat 
exchangers network able to solve in a favourable 
economic manner the trade-off between capital and 
operating costs. 

Process integration methodology, combined 
with economic evaluation procedures, applied in 
the case of a group of units (of an industrial site) 
shows to designer targets for maximum use of 
energy inside the group and allows him to find the 
topology structure for energy coupling between the 
group components. In our work, such a scenario is 
investigated for two important and high energy 
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consumer units of a refinery plant (Fluid Catalytic 
Cracking Unit and Crude Distillation Unit).  

According to process integration methodology, 
to find objectives for advanced energy integration 
of a group of process units, every individual 
process unit must have the highest level of 
integration of its component processes. Before 
setting targets for process integration by thermal 
coupling between the two process units, the first 
step is finding targets for highest level of 
integration inside every individual unit. For this, 
Pinch technology specific tools, like: Composite 
Curves and Grand Composite Curves were used to 
produce necessary information.3 This is followed 
by choosing adequate utilities. Thermal coupling 
via utility system ensures a secure and easy manner 
to operate units simultaneous with a favourable 
energy change. In the same time, utilities allow to 
consider quite large distances between the coupled 
plants. The major objectives of this paper were as 
follows: to create process simulation modules for 
the units mentioned above; to extract from these 
modules safely data and to analyse the possibility 
to exloit the potential of better heat integration 
between the two process units.  
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PROCESS DESCRIPTION 

In order to keep the description simple, the 
processes are briefly discussed and the results of 
the simulations are shortly mentioned in the Tables 
1 and 2. The simplified process scheme of CDU 
process is presented in the Fig. 1. Detailed 
description of the processes can be found in the 
literature sources.4 This unit is currently processing 
30 tonnes per day of Light Arabian crude oil. After 
desalter process the desalted crude feedstock is 
preheated using the recovered heat from rich in 
heat process streams. The feedstock then flows to a 
direct-fired crude charge heater from where it is 
fed into the distillation column just above the 
bottom at pressure slightly above atmospheric and 
at temperature ranging from 320o to 370oC. 
Heating crude oil above these temperatures can 
cause undesirable thermal cracking. All but not the 
heaviest fractions flash into vapour. As the vapour 
phase rise in the tower, its temperature is reduced. 
Heavy fuel oil or asphalt residue is taken from the 
bottom. At successively higher points on the tower, 
the various major products including lubricating 
oil, heating oil, kerosene, gasoline and uncondensed 
gases (which condense at lower temperatures) are 
drawn off. 

The fractionating tower contains horizontal 
steel trays for separating and collecting liquids. At 
each tray, vapours blow-up from below to the 
above of it by entering in the perforations and 
bubble caps. These permit to vapours to bubble 
through the liquid on the tray, causing some 
condensation at the temperature of that tray. An 
overflow pipe drains the condensed liquids from 
each tray back to the tray below, where the higher 
temperature causes re-evaporation. The evaporation, 
condensing and scrubbing operation is repeated 
many times until the desired degree of product 
purity is reached. Then side streams from certain 
trays are taken off to obtain the desired fractions. 
Products ranging from uncondensed fixed gases at 
the top to heavy fuel oils at the bottom can be 
taken continuously from a fractionating tower. 
Steam is often used in towers to lower the vapour 
pressure and create a partially vacuum. The 
distillation process separates the major constituents 
of crude oil into so-called straight-run products. 
Crude oil is then topped by distilling off only 
under high vacuum. In order to further distil the 
residuum or topped crude from atmospheric tower 

at higher temperatures, reduced pressure is 
required to prevent thermal cracking. The process 
takes place in one or more vacuum distillation 
towers. The principles of vacuum distillation 
resemble those of fractional distillation and, except 
that larger-diameter columns are used to maintain 
comparable vapour velocities at reduced pressures, 
the equipment is also similar. The internal design 
of some vacuum towers is different from 
atmospheric tower in that random packing and 
demister pads are used instead of trays. A typical 
first-phase vacuum tower may produce gas oils, 
lubricating-oils base stocks and heavy residual for 
propane de-asphalting. A second-phase tower 
operating at lower vacuum may still distil surplus 
residuum from atmospheric tower which may not 
be used for lube-stock processing and surplus 
residuum from first vacuum tower not used for de-
asphalting. Vacuum tower are typically used to 
separate catalytic cracking feedstock from surplus 
residuum.  

The FCCU simplified process is sketched is 
Fig. 2. The unit we have studied in this work 
processes the atmospheric and vacuum gas oils 
from the crude/vacuum unit. The total charge rate 
is approximately 3900 tonnes per day. 

The gas oil feed is cracked in presence of a 
finely divided catalyst which is maintained in an 
aerated or fluidized state by the oil vapours. The 
fluid cracker consists of a catalysed reaction 
section and a fractionating section that operate 
together as an integrated process unit. The 
catalysed reaction section contains the reactor and 
catalyst-regenerator, which, with the standpipe and 
riser, forms the catalyst circulation unit. The fluid 
catalyst is continuously circulated between the 
reactor and the regenerator using air, oil vapours 
and steam as the conveying media.  

The FCCU involves mixing a preheated 
hydrocarbon charge with hot, regenerated catalyst 
as it enters the riser leading to the reactor. The 
charge is combined with a recycle stream within 
the riser, vaporized and raised to reactor 
temperature (480 –540 oC) by the hot catalyst. As 
the mixture travels up the riser, the charge is 
cracked at 1.5 – 3.0 atm.5 This cracking continues 
until the oil vapours are separated from the catalyst 
in the reactor cyclones. The resultant product 
stream is then charged to a fractionating column 
where it is separated into fractions and some of the 
heavy oils are recycled to the riser. 
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Fig. 1 – A schematic representation of the CDU. 

  

 
Fig. 2 – A schematic representation of the FCCU. 

 
Spent catalyst is regenerated to get rid of coke 

that collects on the catalyst during the process. 
Spent catalyst flows through the catalyst stripper to 
the regenerator, where most of the coke deposits 

burn off at the bottom where preheated air and 
spent catalyst are mixed. Fresh catalyst is added 
and worn-out catalyst removed to optimize the 
cracking process.  
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The hot reactor effluent enters main fractionator 
in the quench section. The clarified slurry oil 
(CSO) is withdrawn from the bottom of the main 
fractionator and cooled in the heat recovery 
system, aside with heavy cycle oil (HCO), light 
cycle oil (LCO), unstabilized gasoline and wet 
gases. Stream names used here (CSO, HCO, LCO) 
does not appear in Fig. 2, which represents a 
simplified process, but appear in the data list 
presenting the mentioned streams (Table 2).   

The vapours are fed to Gas Concentration Unit 
(GASCON) to recover C3 and C4 hydrocarbons. 

RESULTS AND DISCUSSION 

The two process units previously described 
were modelled and simulated using commercial 
process simulator HYSYS®. Details regarding 

simulation modules are not presented as these do 
not represent the subject of present paper.  

Following simulation of the processes, data 
extraction procedures regarding process and utility 
streams are used. All process streams and utilities of 
each process units, presented in Table 1 (for CDU) 
and 2 (for FCCU) are collected to emphasize net heat 
surplus and deficit. Each entry is given a name 
(according to those used in simulations) and features 
a temperature (Ts) gained at the exit of the source 
operation, a temperature (Tt) needed for the stream to 
be accepted at destination and a value which 
represents enthalpy change, noted as ∆H. This one is 
given by product of specific heat (a mean value in 
interval Tt - Ts) and mass flow, when fluid does not 
suffer a phase transition, or by product of latent heat 
and mass flow, otherwise. 

 
Table 1 

Process streams for CDU 

Name Ts, 0C Tt, 0C ∆H, kW 
 

Name Ts, 0C Tt, 0C ∆H, kW 

Crude oil 37. 8 343.3 116834.6  Vacuum residue 358.4 299.2 5802.206 
Main Column 
Condenser 89.6 38.8 25835.11  Atmospheric Gas 

Oil Pump Around 312.7 216.5 8839.209 
Kerosen Pump 
Around 200.5 155.06 8876.82  Diesel 252.1 40 9319 
Diesel Pump 
Around 265.0 205.4 10348.97  Kerosene 183.1 40 6820.678 
LVGO Pump 
Around 110.6 55.97 5681.055  Atmospheric 

Residue 335.0 396.1 14880.05 

Stabilizer Condenser 53.8 37.8 906.2494  Atmospheric Gas 
Oil 301.8 40 3771.006 

Stabilizer Reboiler 122.9 131.3 2310.262  Heavy Naphtha 148.0 40 3656.068 
Light Straight Run 
Gasoline 131.3 92.7 1087.602  Vacuum Residue 299.2 40 14709.16 

Stabilizer Feed 39.3 79.4 1087.602  HVGO 199.0 40 8545.867 
HVGO Pump 
Around 271.6 199.1 21429.65  LVGO 111.2 40 1454.935 

 
Table 2 

Process streams for FCCU 

Name Ts, 0C Tt, 0C ∆H, kW  Name Ts, 0C Tt, 0C ∆H, kW 
Main column 
Condenser 146.8 37.8 25523.6  Main receiver 66.8 37.8 4364.1 
HCO Pump 
Around 307.6 252.0 7619.8  1st step 

compression 69.0 37.8 1668.33 

CSO Pump 
Around 357.6 233.8 22563.9  

1st Primary 
Absorber pump 
around 

48 38 263.7 

Gas Oil 298.0 315.5 16550.0  
2nd Primary 
Absorber pump 
around 

48 40 263.7 

LCO Pump 
Around 227.7 160.8 7389.5  Stabilizer  

Condenser 61.0 37. 8 7392.5 

LCO to 
Secondary 
Absorber 

161.1 37.8 1054.4  Stabilizer 
Reboiler 160.8 183.9 7619.8 
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Table 2 

Process streams for FCCU (continued) 

Name Ts, 0C Tt, 0C ∆H, kW  Name Ts, 0C Tt, 0C ∆H, kW 

Gasoline 183.9 40 7649.4  Steam 
Production 115.5 185.8 14642.3 

Unstabilized 
Gasoline 118.0 129.4 1836.5  CSO 233.7 40 1553.1 

Stripper Reboiler 91.3 118.0 7389.5  LCO 217.9 40 2027.3 

 
Specific verification of data consistency and 

corrections based on test runs were performed for 
each data set (according to safely data extraction 
procedure). Minimum of temperature difference 
identified from an exhaustive analysis of thermal 
gradients of all heat transfer units of CDU was 23 
°C. Quantity of utilities used in the existing CDU 
is: hot utility, CDU

HQ = 65974.1 kW and cold utility, 
CDU
CQ = 67945.3 kW. Following a similar analysis 

procedure we identified ∆Tmin for FCCU at 23 °C 
(the same as CDU case) and quantity of utilities 
used in the existing FCCU: hot utility,  

FCCU
HQ = 16018.1 kW and cold utility, FCCU

CQ = 
49924.0 kW. 

Pinch analysis was performed transferring data 
in SPRINT software6 (from DPI-UMIST). 
Composite and Grand Composite curves7 for CDU 
 

are presented in Fig. 3. Objective for quantity of 
utilities for CDU at ∆Tmin = 23 °C is: hot utility, 

CDU
HQ = 46421.9 kW and cold utility,  
CDU
CQ = 13170.7 kW. Potential for retrofit of HEN 

inside CDU is: CDU
min,H

CDU
H

CDU
H QQQ −=∆ =  

19552.2 kW, CDU
min,C

CDU
C

CDU
C QQQ −=∆ =  

54774.6 kW. The composite and Grand Composite 
curves for FCCU are presented in Fig. 4. Objective 
for quantity of utilities for CDU at ∆Tmin = 23 °C 
is: hot utility, FCCU

HQ = 8421.2 kW and cold utility, 
FCCU
CQ = 49716.8 kW. Potential for retrofit of HEN 

inside FCCU is: FCCU
min,H

FCCU
H

FCCU
H QQQ −=∆ = 

7596.9 kW, FCCU
min,C

FCCU
C

FCCU
C QQQ −=∆ = 207.2 kW. 

a. Composite Curves (∆Tmin = 23 °C) 
  

 b. Grand Composite Curves (∆Tmin = 23 °C) 

Fig. 3 – Composite and Grand Composite curves for CDU. 
 

Pinch temperature for CDU was found at 43.5 0C 
and for the FCCU at 306.5 0C. These values 
suggest the potential economic benefits that may 
be found by investigating how to use residual heat 
(from below Pinch) from FCCU above Pinch in 
CDU8 (heat sink). Retrofit solutions are not 

proposed considering existing heat exchangers 
topology, but these emphasize an advanced energy 
recovery potential using graphical approach: 
“Grand Composite Curves”. This is way these 
must be implemented redrawing the existing heat 
exchangers network topology.  
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a. Composite Curves (∆Tmin = 23 °C) b. Grand  Composite Curves (∆Tmin = 23 °C) 

Fig. 4 – Composite and Grand Composite curves for FCCU. 
 

 
a) FCCU      b) CDU 

Fig. 5 – Steam turbines placement in the Grand Composite Curves – solution no. 1.  
 

The first solution proposed (Fig. 5) suggests 
generating, in FCCU, the equivalent of 13 MW of 
heat as high pressure (HP) steam (having the 
temperature of approximately 2630C) to be used in 
a new steam turbine power generator.9 This heat 
generation is based on hot streams with 
temperature above 286 oC, but lower than Pinch 
which is 306.5 oC. As these, in current plant, 
exchange heat with cold streams, losing a great 
amount of energy, the heat exchangers network 
must be retrofitted. After generating power in the 
new steam turbine, the working steam exit 
temperature reaches 100 oC which allows using a 
part, equivalent of 3 MW, as hot utility in CDU. 
This amount is pictured in figure 5a and 5b as 
option 1 (dotted arrow and circle). The other part 

of residual steam is removed (exported from the 
process). In CDU, by retrofitting the heat 
exchangers network topology, it is possible to 
generate medium pressure steam (208 oC), 
accounting for 10 MW, which may produce power 
in a new steam turbine (or in a corresponding stage 
of the FCCU steam turbine). The exit steam, 
having temperature of 100 oC, together with steam 
from FCCU (dotted arrow and circle no. 1) is used 
as hot utility in CDU.  

The second solution proposed (Fig. 6) uses hot 
streams in the FCCU, having the temperature 
above 2800C, to exchange heat with cold streams 
in CDU in order to save the equivalent of 4 MW 
(dotted arrow and circle no. 2) of fuel (natural gas) 
thus reducing green house gases emissions. 
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Exploiting the envelope inside the Grand 
Composite Curves of FCCU and CDU, steam may 
be produced and used in steam turbines to generate 
8 MW from FCCU hot streams and 9.5 MW of 
power from CDU. As noted in the previous 
solution, 3 MW of residual heat from FCCU 

(dotted arrow and circle no. 1) is used to exchange 
heat with cold streams above Pinch in CDU. This 
amount (3 MW) is added to 9.5 MW given to cold 
streams in CDU by residual steam from new steam 
turbine in this unit.  

 

 
   a) FCCU      b) CDU 

Fig. 6 – Steam turbines placement in the Grand Composite Curves – solution no. 2. 
 

CONCLUSIONS 

Pinch analysis is a powerful tool for existing 
plant retrofitting to energy savings and green house 
gases reduction. Simulation is used to assist data 
extraction which in most cases is limited or 
unavailable. Two simulation modules were 
created, for FCCU and CDU, and safely data 
extraction procedure was employed. The Pinch 
temperatures found: 306.50C for FCCU and 43.50C 
for CDU suggest the possibility to heat integrate 
the two plants in order to save energy and, 
respectively, natural gas.  

Two solutions were identified: the first solution 
generates 23 MW of power and saves 3 MW of hot 
utility. The latter saves 7 MW of hot utility and 
generates 17.5 MW of power. These saving result 
in economic benefits but also may involve 
additional investments in heat exchange area. 
Further investigations are needed to asses the heat 
exchangers network and piping requirements to 
achieve the selected targets.  
 

List of symbols 

CDU – Crude distillation unit; 
CSO – Clarified slurry oil; 

FCCU – Fluid catalytic cracking unit; 
HCO – Heavy cycle oil; 
HVGO – Heavy vacuum gas oil;  
LCO – Light cycle oil; 
LVGO – Light vacuum gas oil; 
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