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3. Simulation

This section shows the results of the enumeration of the examination items and quantitative assessment for
determining whether the RIK is performed using a causal relationship model for the MOC of the example
process.

3.1 Objective process

The objective process is shown in Figure 6. In the objective process, the intermediate from the
hydrodesulfurization (HDS) unit is reformed using the selective hydrogenation unit (SHU), then separated into
off gas, LPG, and gasoline in a distillation column. Before entering the SHU reactor, the intermediate is
controlled along with the oil to hydrogen ratio and preheated three times. The change request is a decrease in
the minimum inflow rate to the SHU reactor.
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Figure 6: Process Flow Diagram of objective process

3.2 Cause-Effect relationship for objective process

Figure 7 shows the causal relationship model of the objective process. In this figure, among the causal
relationships, only the causal relationships that lead to a runaway reaction as the most undesired
consequence when the minimum flow rate of the SHU reactor is lowered are shown. The causal relationship is
assumed when the flow rate decreases as shown by the red line.
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Figure 7: Causal relationship model of runaway reaction of objective process
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3.3 Check point for management of change

The evaluated items extracted from the above-mentioned causal relationship model are shown below.

® Reaction in the SHU due to reduced flow rate: The influence of the fluctuation on the product
composition was low.

® Distillation for reactant fluctuations: The effect of the fluctuating on the product composition after
distillation was low.

® Preheating before the SHU: the phase change does not occur, because of verifying whether the phase
change inside the heat exchanger may occur due to the decrease in the flow rate.

® Hydrogen flow rate control valve for hydrogen/oil ratio control: The CV value of the valve was within the
appropriate range.

It was confirmed that the change request in the objective process was within the expected range of the design
intention by examining the items extracted from the causal relationship model. Therefore, it can be said that
this change request was the RIK. In the above examination, it was possible to examine even the CV value of
the hydrogen flow rate control valve, which is usually difficult to determine. Therefore, it was possible to
examine whether it is the same kind referring to the design rationale based on the causal relationship model,
and the effectiveness of this proposal could be demonstrated.

4. Conclusions

Based on business process model of plant life-cycle engineering, we proposed a causal relationship model as
an expression method for risk assessment of the MOC by referring to the design rationale information. Since
the MOC is an engineering business process throughout the plant life cycle, it was based on the business
process model of the entire plant life cycle. Since it is necessary to compare the design rationale of the
process to determine whether the changes are of the same kind, we proposed a causal relationship model as
a method of expressing the intention as the design rationale of the process. The proposed model makes it
possible to explicit the implicit and people-dependent design rationale information and accumulate it as
knowledge. In an MOC example case, it was determined whether the change request was an RIK based on
the causal relationship model. It was even possible to study the CV value of the hydrogen flow rate control
valve, which is usually difficult to notice, and to verify the effectiveness of the proposed causal relationship
model. In the future, we will establish a method for creating a causal relationship model with the aim to build
an engineering support environment based on the causal relationship model.
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