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Abstract: Energy integration of Atmospheric distillation unit (ADU)and Fluid catalytic cracking unit (FCCU) of Kaduna Refinery and
Petrochemicals Company was carried out using pinch analysis with the aid of HENSAD. In order to achieve the aim of the study, cold
and hot streams data of the two units in question were extracted from the plant’s flow sheet and entered in to the spread sheet of the
software appropriately and the following results were obtained; For the atmospheric distillation unit, the minimum temperature
difference (ATmin) of 30°C was used and pinch point temperatures were 99°C and 69°C for hot and cold utilities respectively. Also,
existing energy was25324kW, the target was 18754kW and the energy saved was 31% (6570kW) for the hot utilities; existing energy
was31733kW, the target was 21722 kW and the energy saved was 26% (10, 011kW) for the cold utilities, with a total amount of $9, 582,
436.25 that could be saved annually. For the fluid catalytic cracking unit, the minimum temperature difference (ATmin) of 25°C was
used and pinch point temperatures were 110°C and 85°C for hot and cold utilities respectively. Also, existing energy was308952.7kW, the
target was 243978kW and the energy saved was 21% (64974.7kW) for the hot utilities; existing energy was310340.4kW, the target was
242590 kW and the energy saved was 21.8% (67750.4kW) for the cold utilities, with a total amount of $76, 704, 047.4 that could be saved

annually.
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1. Introduction

Prior to the energy crisis of the 1970s, chemical plants were
designed using the traditional design techniques which
involve mass and energy balances, rules of the thumb, good
engineering judgment and creative ability of the designers.
Such designs were neither optimal in terms of energy
consumption nor in capital cost invested (Linnhoff, 2000).
Since then however, much attention has been directed at
better process design, particularly in the area of process
network design and process integration. A process integration
method called the pinch design method (pinch technology)
was developed in the late 1970s. The success of the pinch
design method was due to the discovery of the heat recovery
pinch phenomenon.

Pinch technology became available to industry about 1980
and since then its application to both new designs and
retrofits has become well established. Refineries designed and
installed before 1980 did not enjoy the benefit of insights
from the new developments in energy saving technologies
(Linnhoff, 2000).

Energy today has become the most needed and sought for
resource in our world, and it is being consumed at a high rate,
there is however high utilization of energy which could be
minimized in some units in industries with proper
management. The high utilization of energy in the
atmospheric distillation unit and fluid catalytic cracking unit
of kaduna Refining and Petrochemical Company as well as
continuous increase in price and demand of energy and
environmental pollution gives a justification to increasing
energy efficiency by minimizing its consumption and
improving profitability in this industry. A good number of

research works on energy integration using pinch analysis has
been reported in history, but these works are majorly related
to comparison between pinch analysis and traditional method
of energy saving of different chemical industries. However,
no work has been done on the FCCU and ADU of Kaduna
Refining and Petrochemical Company, especially after the
shutdown of the Company in December 2015.

Energy integration is a division of process integration
(Adejoh et al., 2013). It is an efficient process that allows
industries to increase their profitability through reduction in
energy, water and raw materials consumption, reduction in
greenhouse gas (GHG) emissions, and waste generation
(Adejoh et al., 2013).

Process integration (PI) as a part of process intensification is
a fairly new term that emerged in the 80’s and has been
extensively used in the 90’s to describe certain systems
oriented activities related primarily to cover almost complete
process design (Rossiter, 2012). Process integration is a
holistic approach to process design, retrofitting, and operation
of industrial plants, with applications focused on resource
conservation, pollution prevention and energy management
(Rossiter, 2012).

Fluid catalytic cracking unit without any doubt belongs to the
most important refinery technologies. This process converts
heavy atmospheric residues and vacuum distillates into
fractions of motor fuels, mainly gasoline. The history of the
beginning of the cracking of heavier crude molecules to
lighter lead to the beginning of the crude oil applications in
combustion engines.
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The atmospheric distillation unit is a unit in fuels section of
Kaduna Refining and Petrochemical Company (KRPC) where
distillation of local crude into naphtha, gasoline, kerosene,
diesel and bottom residue is carried out.

Pinch analysis provides a systematic methodology for energy
saving in processes and total sites. The methodology is based
on thermodynamic principles (Linnhoff, 2000). A pinch
analysis starts with the heat and material balance for the
process. Using pinch technology, it is possible to identify
appropriate changes in the core process conditions that can
have an impact on energy savings (Linnhoff, 2000).).

This work aims at using pinch analysis to integrate the energy
and to determine theoretically the amount of energy that
could be recovered and reused in the process as well as
financial savings in the atmospheric distillation and fluid
catalytic cracking units of Kaduna Refining Petrochemical
Company, Kaduna, Nigeria.

2. Materials and Method

2.1 Materials

The materials include Process Flow Diagrams (PFD),
Operating Data of the Atmospheric Distillation Unit (ADU),
Fluid Catalytic Cracking Unit (FCCU) of the KRPC,
Microsoft Excel Spread sheet and the Heat Exchanger
Network Synthesis and Design (HENSAD) software,
Computer sets (Hp, windows 8.0).

2.2 Method

This presents all the steps involved in the analysis, designing
and optimization of heat exchangers network of ADU and
FCCU of Kaduna Refining and Petrochemical Company.
Data such as streams temperature, pressures, flow rates, feed
parameters were extracted from the process flow diagram. In
performing a pinch analysis using HENSAD software the
following procedures were used.

1) Pinch Analysis:

i. Runthe HENSAD program on your computer system.

ii. Click on file, and after that click on new.

iii. The software will take you to a page where you can
input values for mass flow rates, temperature source,
temperature targets and heat transfer coefficients of the
hot streams.

iv. Click on ‘go to cold streams’ and input the values for
the cold streams.

v. Click on ‘Return to main menu’ and change the value
for ATmin.

vi. Go to worksheet and click on summary table, the
software will automatically calculate values for QHmin,
QCmin, and the pinch point temperatures.

vii. From the worksheet, you can also view the temperature
interval diagram, the cascade diagram and the
composite curve diagram.

viii. Go to worksheet, click on ‘design above the pinch’.

Use the procedure for matching streams above the
pinch and match the hot and the cold streams.

ix. The program will check for AT violations and calculate
the exchanger duty, area and cost.

X. Return to main menu.

xi. Click on the worksheet.

Xii. Go to ‘design below the pinch’ and repeat the
procedure used above the pinch.

3. Results and Discussion

3.1 Results for Atmospheric Distillation Unit

1)Data Extraction for ADU: The ADU target and supply
temperatures for the cold stream ranges from 40 — 2440C
and 73 — 3470C respectively while that of hot stream are
231 —3510C and 226 — 3450C respectively. 30°C was used
as the minimum temperature approach (ATmin). A furnace
provides utility heating in the crude pre-heat train of ADU.
The furnace design which was represented for fired heaters
for the pinch analysis as a heat source and as a single
temperature that is hot enough to satisfy any anticipated
heat load in the unit.
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Figure 2: Composite curve diagram using HENSAD
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Figure 2 is a plot of both the hot and cold against enthalpy
which gave a pinch point temperature of 990C and 690C for
the hot and cold streams respectively. The closest distance
between the hot and the cold curves is the ATmin value. The
areas where the two curves do not overlap show the minimum
utility requirements. This plot illustrates the effect that the
chosen value of ATmin has on the minimum heating and
cooling utility requirements. The target heat for hot streams
(QHmIN) and cold stream (QCmin) obtained from the
HENSAD software were 15017 kW and 17985 kW
respectively.
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Figure 3: Temperature Interval Diagram using HENSAD
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The temperature interval diagram in Figure 3 above is a visual representation of the hot and cold streams, showing their
relationship in regards to the amount of heat that can be transferred (www.uic-che.org). There are hot streams and cold streams
as indicated; the horizontal grid lines indicate the temperature intervals with the thickest black line indicating the pinch
temperature. It shows how heat can be transferred from hot streams to cold streams without crossing the pinch. A heat
exchanger is created to handle the transfer of heat from the hot stream to the cold stream.
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Figure 4: HENSAD (Above the pinch)

The heat exchanger network design in Figure 4 above with minimum allowable approach temperature of 30°C shows a total
number of 17 process heat exchangers and 2 utility heat exchangers. The results show that the utility heating of the plant is
slightly higher than the utility cooling of the plant. Therefore, any utility cooling supplied to the process above the pinch
temperature cannot be absorbed and will be rejected by the process to the heating utility, increasing the amount of heating
utility required (Linnhoff and Ahmad 1983), hence waste of energy (hot utilities) by the crude pre-heat train.
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Figure 5: HENSAD (below the pinch)

The heat exchanger network design in Figure 5 above with Therefore, any utility cooling supplied to the process above
minimum allowable approach temperature of 30°C shows a the pinch temperature cannot be absorbed and will be rejected
total number of 17 process heat exchangers and 2 utility heat by the process to the heating utility, increasing the amount of
exchangers. The results show that the utility heating of the heating utility required (Linnhoff and Ahmad 1983), hence
plant is slightly higher than the utility cooling of the plant. waste of energy by the crude pre-heat train.

2) Economic Analysis:

Table 3: Existing and target hot and cold demand for Atmospheric distillation unit

Atmospheric distillation unit Existing plant Target Amount saved
Hot utility (kW) 25324 18754 6570
Cold utility (kW) 31733 21722 10011

(25324 -18754)

YoHotUtility="==""__"

x100=26%

(31733-21722)

9Cold Utility ="

x100=31.5%

Assuming plant attainment = 95%

Per annum=365 x 95%=2346.75days=346.75 x 24 hrs=8322hrs
Hot utility:

Energysaved inkWH =6570 x 8322=54675540kWH

Cost of energy saved:

1kWH = N25
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Cost of energysaved =25 x 54675540= N1,366,888,500
Cold utility:
Energysaved inkWH =10011x 8322=83311542kWH

Cost of energy saved:

1kWH = N25

Cost of energysaved =25x83311542= N2,082,788,550

3.2 Results for fluid catalytic cracking unit (FCCU)

1) Data Extraction for FCCU:
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Figure 6: Composite curve for FCCU

From the composite curve in Figure 6 above it was found that the minimum utilities requirements are 308952.7 kW and
310340.4 kW for the hot and cold utility respectively.

The above figure identifies the possible pinch site of the two hot and cold streams and the minimum temperature difference,
AT min between these two streams. The major use of this traditional composite is to determine the heat energy targets such as
heat recovery, cold utility and hot utility requirements at the denoted AT ;, of 25°C

The composite curve in Figure 3 also reveals that there is only one pinch point which 270°C. This makes this study viable
because the bottleneck can be controlled by adjusting the AT, The hot and cold utilities can also be determined from the
composite curve.
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Figure 7: Temperature Interval Diagram for FCCU using HENSAD

The temperature interval diagram in Figure 7 above is a visual representation of the hot and cold streams, showing their
relationship in regards to the amount of heat that can be transferred (www.uic-che.org). There are hot streams and cold streams
as indicated; the horizontal grid lines indicate the temperature intervals with the thickest black line indicating the pinch
temperature. It shows how heat can be transferred from hot streams to cold streams without crossing the pinch. A heat
exchanger is created to handle the transfer of heat from the hot stream to the cold stream.
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Volume 8 Issue 1, January 2019

WWW.ijsr.net
Licensed Under Creative Commons Attribution CC BY

10.21275/ART20194691 1652



International Journal of Science and Research (1JSR)
ISSN: 2319-7064
Impact Factor (2018): 7.426

The above the pinch region has five hot streams, and two cold streams. Only hot utilities can be used in this region, the hot
utility used in the study is a fired heater operating at a temperature of 1000°C. The above the pinch design as shown in figure

19 shows all the hot streams satisfied by heat exchanger networks with the nine cold streams.
Figure shows the Heat Exchanger Network Design (above the pinch) using HENSAD software.
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Figure 9: HENSAD (below the pinch)

The below the pinch region has four hot streams and eleven 2)
cold streams. Only cold utilities can be used in this region.
There are eleven cold utility matches required to satisfy all
the hot streams that was not satisfied by the matches in this

Economic Analysis:

catalytic cracking unit

Table 13: Existing and target hot and cold demand for fluid

Fluid catalytic
cracking unit

region. The below the pinch design as shown in Figure 9

e Existi lant
shows all the cold streams satisfied by heat exchanger X15ing pran

Target

Amount saved

Hot utility (kW) 308952.7 243978

networks with the available hot streams.

64974.7

Cold utility (kW) | 310340.4 242590

67750.4

(308952.7 - 243978)
308952.7

%HotUtility= x100=21%

(310340 242590)
310340

%Cold Utility= x100=21.8%

Assuming plant attainment = 95%
Per annum=2365 x 95%=2346.75days=346.75 x 24 hrs=8322hrs

Per annum = 365%95%

= 346.75 days

Converting to hours = 346.75 x 24
=8322 hrs
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Hot utility:

Energysaved inkWH =64974.7 x 8322=540719453.4 kWH

Cost of energy saved:
1kWH = N25

Cost of energysaved =25x540719453.4= N13517,986,335

Cold utility:

Energysaved inkWH =67750.4 x 8322=563818828.8 k WH

Cost of energy saved:
1kWH = N25

Cost of energysaved =25x563818821.8= N14,095,470,720

4. Conclusions

The following are points in concluding the energy integration
of the fluid catalytic cracking unit and the atmospheric
distillation unit of Kaduna Refining and Petrochemical
Company using pinch analysis.

For the atmospheric distillation unit, the energy saved was 10,
011 kw and 6, 570 kW for the cold and hot utilities
respectively. For the fluid catalytic cracking unit, the energy
saved was 64974.7 kW and 67750.4 kW for hot and cold
utilities respectively.

For the atmospheric distillation unit, N3, 449, 677, 050 could
be saved annually and N27, 613, 457, 055 per year could be
saved for fluid catalytic cracking unit.

For the atmospheric distillation unit, AT min value of 300C
was used and pinch point temperatures were 990C and 690C
for hot and cold utilities respectively.

For fluid catalytic cracking unit AT min value of 250C was
used and pinch point temperatures were 1100C and 850C for
hot and cold utilities respectively.

Composite curves were developed and used to determine the
pinch points of both units.

Pinch analysis is an effective method for saving energy.
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