Dynamic degrees of freedom for tighter bottleneck control
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In many cases, prices and market conditions are such that optimal operation for a plant is the same as maximum throughput. In this case, the optimum lies at constraints, and in order to maximize throughput, the flow through the bottleneck(s) should be at its maximum at all times.  If the actual flow through the bottleneck is not at its maximum at any given time, then this gives a loss in production that can never be recovered (sometimes referred to as a ”lost opportunity”). Tight bottleneck control is therefore important for maximizing throughput and avoiding losses.  
In existing plants, the most common approach for controlling the throughput is to set the feed flow at the inlet of the plant and use inventory control in the direction of flow. One important reason for this is probably that most of the control structure decisions are done at the design stage (before the plant is built), where feed rate is usually fixed. However, achieving tight bottleneck control in practice is not so simple because the throughput manipulator (TPM) is often located too far away from the bottleneck unit (with a large effective delay θeff) to be effective for reducing the effect of disturbances on the key bottleneck variables. The best option to obtain tight bottleneck control is to move the throughput manipulator, but this requires reconfiguration of the inventory loops to ensure a consistent inventory control structure.
Here, we propose to reduce the effective delay by using dynamic degrees of freedom for cases with fixed bottleneck. With “dynamic” we mean manipulated variables with no steady-state effect, where the most common are liquid levels and buffer tanks. The main idea is as follows: To change the flow through the bottleneck, for example, to increase it, we temporarily reduce the inventory in the upstream holdup volume. However, this inventory needs to be kept within bounds, so if we want to increase the bottleneck flow permanently, we need to increase the flow into this part of the process and so on, all the way back to the feed (throughput manipulator). The simplest approach is to make a control system where all flows upstream the bottleneck are increased simultaneously by the same relative amount, like a single-loop bottleneck controller that adjusts the feed flow, combined with ratio controllers that adjust the dynamic degrees of freedom. The degrees of freedom manipulated by the ratio controllers can be a bias adjustment of the inventory controller output or the inventory controller set point.  Note that the feed flow is the only degree of freedom that has a steady-state effect on the bottleneck flow. This single-loop with ratio control structure can be viewed as feedforward control combined with feedback, where the flows in downstream units are increased proportionally to the feed rate.  This idea is also used sometimes by skilled operators, e.g. during start-up of a plant. Another possible structure for dynamic degrees of freedom is multivariable control (e.g. MPC), which can also be used for bottlenecks that moves due to disturbances. 
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