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ABSTRACT

For several decades, multiple stage flashing (MSF) has been the main stream in thermal seawater
desalination process due to its stable and robust performance. In the Middle East region, MSF
units of large capacity evaporators have generally been supplied. Meanwhile, the multiple effect
desalination process with thermal vapor compression has recently been receiving attention
because of the lower energy consumption. Dynamic simulation of thermal desalination plant
could be used to validate plant operation before and after the plant design step. Also, it is
expected to be helpful for understanding the dynamic behavior of processes under various con-
ditions. For these reasons, we have developed the dynamic simulation model for MSF using
GSE’s commercial package. The reference model is the Shuaibah IWPP MSF of 16.2 MIGD unit
capacity (about 73,600 ton/day) in Saudi Arabia. The results showed that the simulation model
was virtually stable at 100% load in summer condition with 5% deviations of designed values. In
the dynamic simulation of start-up procedure, simulated trends were proven to be realistic based
on real plant operation data. These results suggest that the dynamic simulation model could be

applied for operator training and trouble shooting of operation procedures.
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1. Introduction

In seawater desalination, multiple stage flashing
(MSF) is considered as the most widely used process
because the reliability and the stability in commercial
desalination plants have been proven by the operation
for several decades.

In designing step of desalination plants, dynamic
model will be very useful to check the overall perfor-
mance and the interactions between individual com-
ponents. Furthermore, it is helpful to establish the
various control strategies and start-up/shut-down
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procedures for stable and optimum operation. It may
be used for troubleshooting caused by malfunction of
individual components.

This study is related to the development of 16.2
MIGD MSF dynamic simulation model and its dynamic
behavior. The dynamic response of major components
and the overall performance at both transient and
steady state are mainly discussed in this paper.

2. Process description

The reference model of this dynamic simulation
is the Shuaibah IWPP in Saudi Arabia shown in
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Intake System

Fig. 1. The overview of Shuaibah IWPP MSF desalination plant.
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Fig. 2. The overview page of the dynamic simulation model.
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nents of mechanical and control modules are dis- & &
played. The dynamic simulation model covered ¢
single unit of evaporator along with 19 stages of Fig. 3. The comparison of design and simulation values for
heat recovery section and two stages of heat rejec-  major flow rates.
tion section and it did not include intake system,

power plants/ and posttreatment System' Chemical dOSil’lg system iS included, but Chemical reactions
were not considered in this simulation model.

Fig. 1. The total plant consists of 12 units and the
capacity of each unit is 16.2 MIGD (73,600 ton/day
of distillate production). As shown in Fig. 1, the
power plants supply steam to MSF units as heat
source.
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Fig. 4. The typical trend of cold start-up procedure of the real plant.

??\Eli;mparison of required time for cold start-up procedure in the real plant and dynamic simulation result

Time (min)

Real plant Dynamic simulation
Evaporators filling 46 40
Evacuation 102 110

LP steam supply to 100% load 432 380
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Fig. 5. The simulated trend for cold start-up procedure.
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Fig. 6. The trend of mass flow rates of load change from 100 to 60%.
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3. Results

The comparison of simulated and design values
would be needed to evaluate the accuracy of the
dynamic simulation model since the model is based
on design data. In 100% load summer condition, the
model was virtually stable in steady state and the
deviation was 5.28%. Major flow rate of distillate, low-
pressure (LP) steam, make-up, and brine recirculation
and processing variables of each stage like pressure
and temperature were selected to evaluate the accu-
racy of the simulation model. Fig. 3 shows the com-
parison of design and simulation values for major
process flow rates.

Cold start-up procedure was composed of three
substeps which were evaporator filling, evacuation,
and LP steam supply. For the first step, every stage
was filled with seawater and the level of each stage
was maintained by start-up of brine blowdown pump.
Brine recirculation pump was then started and brine
recirculation flow was increased up to 40% of full
load. For the next step, the pressure of evaporators
and brine heater was decreased by the start-up ejector.
At 0.2barA, duty ejectors were operated and the start-
up ejector was stopped. Consequently, the stage pres-
sure lowered below 0.1barA. Finally, LP steam from
power plants was supplied to the brine heater and
top brine temperature was controlled so that the tem-
perature was gradually increased. At the same time,
the brine recirculation flow was increased based on
top brine temperature. After several hours, distillate

production rate increased to 100% of design value.
Table 1 shows the comparison of required time of cold
start-up procedure in the real plant and simulation
result. The simulated trend for cold start-up shown in
Fig. 5 was similar to the typical trend of the real plant
shown in Fig. 4.

The load change (from 100 to 60%) is similar to the
reversal operation of LP steam supply step of cold
start-up procedure. LP steam flow rate decreased
slowly and brine recirculation flow rate also decreased
in accordance with top brine temperature. After top
brine temperature lowered from 110 to 90°C, it took
about 50 min to achieve steady state of 60% load. Fig. 6
shows the trend of mass flow rates of load change.

4. Conclusion

The dynamic simulation model of 16.2 MIGD
Shuaibah IWPP MSF was developed using commercial
package. The results for the steady state showed a
good agreement with design values. In 100% load
summer condition, it deviated by 5% of designed val-
ues. With this model, cold start-up procedure was
simulated and its trends were similar to the real plant
operation data. The load change from 100 to 60%
showed stable behavior and the process reached the
steady state of 60% load. These results suggest that
dynamic simulation model could be applied for
operator training and trouble shooting of operation
procedures.





