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Similarly, in Figure 9 and 10, a similar behavior is observed between the total operating cost and the picking
percentage, where this first variable does not vary significantly when the picking percentage is between 15-
30%. However, for picking percentage values lower or higher than this range, the total operating cost increases,
presenting considerable growth levels with values higher than 40%. The significant increase in the total
operating cost, increasing the percentage of picking in the order preparation process, is due to the accumulation
of pending pallets to be processed in this process and the corresponding penalty charge for the delay (plus
overtime of the operating personnel). This accumulation and delay, becomes more critical as the percentage of
receipt of full pallets increases, considering that its capacity is 2.9 times greater than the preparation of orders
in full pallets.
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Figure 9. Comparative graph of total operating cost vs percentage of picking. (Range 0-100%).
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Figure 10. Comparative graph of total operating cost vs percentage of picking (0-40%)

It was expected that, as the percentage of entry on pallets increased or the percentage of picking decreased, the
total operating cost would decrease its value. However, the result shows that, among the variables that are part
of a warehouse with picker-to-parts order-picking systems, there are always not necessarily linear relationships.
Moreover, both figures exhibit a critical value, above this value the behavior of the operating cost is affected,
whereas below this value the system is insensitive to the modification of these variables.
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5. Conclusion

In this work we present a system dynamics model of a warehouse with picker-to-parts system that represent a
major portion of warehouse operations in practice. Using this model, we identified that among the variables
that are part of such type of warehouse there are always not necessarily linear relationships, this is the case
between the percentage of product that enters the warehouse on full pallets, the percentage of picking and the
total operating cost.

The reasons are associated with the imbalance between the receiving capacity in full and non-full pallets, the
first being 7.6 times greater, generating accumulation of product to receive and penalization in costs due to
delays in unloading (stand by) as the strategy upon receipt full pallets decrease its percentage. The same happens
with the picking percentage, as it increases, the increase in the total operating cost increases exponentially,
because the pallets to be sent to customers cannot be processed on time, using a greater number of hours to
make the same job due to delay; considering that, the imbalance between the capacity to prepare full and non-
full pallet orders also influences, with their ratio being 2.9 times.

Future work will analyze the relationship between the total cost of operation and other variables, such as the
capacity of the reception area, the capacity of the area of preparation of orders or storage and the inclusion of
the availability of vehicles and delays in their arrivals, as well such as staff turnover between processes and its
effect on performance.

For example, the lack of availability of vehicles or the delay in their arrival could increase the level of inventory
since it would affect the continuous output of product and could increase the total operating cost, considering
that more man-hours would be needed to make the same work. Also, if operating personnel are trained to do
various tasks within the warehouse, the total operating cost could decrease because personnel could move
between processes to level product flows.
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