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Abstract — A flare system is a very important system that crucially affects on the process safety in chemical plants. If a
flare system is designed too small, it cannot prevent catastrophic accidents of a chemical plant. On the other hand, if a flare
system is designed too large, it will waste resources. Therefore, reasonable relief load estimation has been a crucial issue in
the industry. American Petroleum Institute (API) suggests basic guidelines for relief load estimation, and a lot of engineer-
ing companies have developed their own relief load estimation methods that use an unbalanced heat and material method.
However, these methods have to involve lots of conservative assumptions that lead to an overestimation of relief loads. In
this study, the new design procedure for a flare system based on dynamic simulation was proposed in order to avoid the
overestimation of relief loads. The relief load of a deethanizer process was tested to verify the performance of the proposed
design procedure.
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Authors Contents of Research

Limitations

Cassata, J. R. et al. (1993) depropanizer tower

- Relief load estimation using dynamic simulation for the

- This research did not consider basic process control system
(BPCS) in the dynamic simulation model.

- This research did not test the dynamic simulation model under
various flare relieving scenarios

- Simulate various and complex chemical process using

Luyben, W. L. (2002) dynamic simulation

Including BPCS in dynamic simulation models

- This research did not test the dynamic simulation model for the
relief load estimation

- Simulate Liquefied Natural Gas (LNG) terminals using

Lee, C. J. etal. (2012) dynamic simulation

- This research did not test the dynamic simulation model for the
relief load estimation

- Set up the operational strategy using dynamic simulation

Patel, V. et al. (2007) simulation

- Conduct surge analysis of compressors using dynamic

- This research did not test the dynamic simulation model for the
relief load estimation

Patel, V. et al. (2008)

- Simulate the ethylene plant using dynamic simulation

- This research did not test the dynamic simulation model for the
relief load estimation

Singh A. et al. (2007)

- Build dynamic simulation model for an olefin plant
- Estimate the relief load during start-up/shut-down

- This research did not set up the procedures for the relief load
estimation using dynamic simulation

- This research did not test the dynamic simulation model under
various flare relieving scenarios

- Simulate the liquid fractionation plant using dynamic

simulation

Xu. Q-etal. (2009) - Estimate the relief load during start-up

- Set-up the overall framework for using dynamic simulation

- This research did not set up the procedures for the relief load
estimation using dynamic simulation

- This research did not test the dynamic simulation model under
various flare relieving scenarios
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Fig. 1. The design procedures for flare system.
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Table 2. Required information with respect to flare system design methods

]

Steady-State Heat and Material Balance Method

Dynamic Simulation including BPCS

Process Flow Diagram (PFD)

Heat and Material Balance

Equipment Data Sheets

Instrument Data Sheets
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Fig. 3. Process flow diagram for the ethane separation unit.
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Table 3. Flare relief scenarios for the ethane separation unit
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Relief Scenario Effects on the System

1. If LPF happens, all electric devices will stop.
2. The reflux pump of the ethane separation unit will stop in this case.

Local Power Failure (LPF)

3. The cooling medium pump will continue to operate in this case because it locates far away from this unit..

1. This scenario can happen in case of the cooling medium pump stop.

Condenser Duty Loss 2. If the overhead condenser loses its duty, the level of the overhead receiver will keep dropping and finally the reflux pump will stop.
1. This scenario can happen in case of the failure of the pressure control valve or the blockage of block valves.
Vapor Outlet Blocked 2. If the vapor outlet blocked, the internal pressure of the ethane separation tower will rise dramatically since the vapor will

accumulate at the top area of the tower.

1. This scenario can happen in case of the failure of the control valve at the steam line.
2. If this scenario happens, the reboiler will supply the excess heat into the ethane separation tower and it will cause the internal

Abnormal Heat Input
pressure rise of the tower.

Table 4. Information used for the dynamic simulation

Equipment Data used for the Dynamic Simulation

No. of trays: 30

Diameter of trays: 5 m/6.5 m

The total volume of the reboiler and the sump: 171 m?
Reboiler Duty: 63.4 GJ/hr

The set pressure of PSV: 3,600 kPag

The volume of overhead receiver: 107 m’
Condenser Duty: 33.2 GJ/hr

The heat transfer area: 400 m?
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scenario using dynamic simulation.
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Table 5. Results summary with respect to flare load estimation methods

Relief Scenario Dynamic Simulation The heat and material balance

Local Power Failure 0 kg/hr 198,300 kg/hr
Condenser Duty Loss 0 kg/hr 157,674 kg/hr
Vapor Outlet Blocked 86,195 kg/hr 90,925 kg/hr
Abnormal Heat Input 0 kg/hr 51,600 kg/hr
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