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1. Introduction 
 
Solvay S.A. is a Belgian Group, which was formed as a chemicals company but then 
it expanded its business into the plastics and pharmaceutical industries. Currently, 
Solvay has a strong international presence in 50 countries. 
 
The Pharmaceuticals division researches and produces healthcare products. It’s most 
important therapeutic application areas are gastro-enterology, psychiatry, hormone 
replacement therapy and cardiology. 
 
In the resolution of the case presented, we will focus our attention on a specific 
laxative product named Lactulose, which is part of the gastro-enterology application. 
This product is made from lactose and it is used to treat conditions of the liver and the 
intestines. 
 
Solvay is carrying out a project in order to design a logistics planning and control 
system for the production and packaging parts of the Lactulose supply chain. There 
currently exists a general over capacity in the Lactulose market of 10-20%. However, 
Solvay experiences an under capacity of approximately 10% which makes it difficult 
to satisfy and keep its customers. Solvay has never operated at such high demand 
levels and this higher utilization of the resources has potential planning and 
controlling problems. 
 
The company has different pharmaceutical production sites but the project 
encompasses only Weesp, a production facility of Lactulose located in The 
Netherlands. Storage tanks in Weesp, called Veemtanks, can partly absorb 
fluctuations in both the production and the demand patterns. Lactulose is delivered 
from these tanks to the filling facilities of Olst (The Netherlands), Parets (Spain) and 
Chatillon (France), as well as to external bulk customers. In Figure 1 the material flow 
in the Lactulose supply chain is shown. Once the Lactulose is filled and packaged in 
Olst, the products are shipped and stored in the warehouse De Meente. From here, the 
products are finally shipped worldwide to the customers. 
 

 
 

Figure 1 – Material flow in the Lactulose supply chain 
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The relevant customers for this project can be grouped into two classes. The first class 
corresponds to the internal customers which include the three filling plants. The 
second class refers to the external customers that can be classified into National 
Organizations, Direct Export Customers and Third Party Business. 
 
The structure of the report is as follows. In section 2, a description of the actual 
production control system is provided. In section 3, the major problems within the 
actual production control system are identified. In section 4, a new production control 
system is suggested and the new decision functions are described. Finally, in section 5 
the conclusions on this analysis are presented with the most important findings. 
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2. The initial Production Control System 
 
In this section a description of the actual production control system is provided. To 
begin with, the physical structure of the existing production system is described. 
 
We start the description of the initial production control system with an analysis of the 
physical characteristics that are initial constraints and have impact on the existing 
supply chain flow and the existing control procedure. Although the supply chain of 
Solvay Pharmaceuticals seems to be quite complicated, we will focus on the most 
crucial elements and connections between them. Entities included in the analysis are 
depicted in Figure 2. 
 

 
 

Figure 2 – Existing Material Flow 
 
The analysis will consist of Lactulose production in Weesp, the three filling plants of 
Olst, Parets and Chatillon, and external customers. Weesp, located in the Netherlands, 
is an initial element in the supply chain of Solvay Pharmaceuticals. The first chemical 
reaction takes place here; the Lactose is being transformed into Lactulose. The 
resulting substances are stored in the Veemtanks, which are three tanks having a 
capacity of 350m3 each. After that flow splits, the first option is the transportation of 
Lactulose to the filling plants of Olst (The Netherlands), Parets (Spain) and Chatillon 
(France) in trucks of 19m3; while the second one is a direct transportation to the 
customers using containers with volumes of 790l or 540l. After processing in Olst, the 
flow becomes more complex due to different packaging options (at the end flow can 
consist of 192 labels). 
 
A detailed description of the goods flow elements of Solvays Pharmaceutical division 
is given afterwards. 
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Weesp 
 
Technological process that takes place in Weesp plant can be described as series of 
reactions, crystallization, filtration, purification and concentration. This process is 
continuous and has low material complexity. Due to the fact that process control is 
automated and no set-ups are needed, sequencing is negligible for this plant. Output 
products are Solution, Concentrate, Concentrate-Japan, and Biocure. 
 
Veemtanks 
 
Veemtanks are the stock points of the Weesp plant; these tanks are one of the most 
crucial elements in the supply chain structure. The reason is that Veemtanks store the 
constant output of Weesp and supply the fluctuating customer requirements. 
According to initial data Weesp’s output is to be increased in the future, apparently 
the role of Veemtanks becomes more important, due to the fact that in the existing 
production control procedure this storage is the only way to coordinate these 
conflicting flows. The next important function of this storage is quality checks. 
 
The Veemtanks include three stainless steel tanks having capacity to store 350l of 
liquid. Two of them are supposed to keep Solution Lactulose product. The third tank 
is dedicated for the Concentrate Lactulose.  
 
Olst 
 
There are two main input substances which are processed at Olst production plant: 
Lactulose and Mebeverine. Olst has a production flow environment with there three 
filling lines – a bottling line, a sachet line, and a flask line – where the focus is placed 
on efficiency and costs. Because of the fact that set-ups are quite large, production 
scheduling becomes acute problem for the Olst production plant; it is required to 
produce sizeable batches in order to achieve efficiency standards. 
 
Further, the relation between the material flow and the planning and production 
control structure is shown in Figure 3.  
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Figure 3 – The initial production control system 
 
In general, customers place orders on a monthly basis, the planning horizon is one 
year and orders are visible over a horizon of three months. Due to the chemical nature 
of the process, Weesp Lactulose production starts before actual orders are received 
and then Lactulose is assigned to specific orders and delivered. Thus we can conclude 
that Weesp production could be characterized as a Make–to–Stock model based on 
the demand forecast. Quite the contrary, the Customer Service Desk at Olst receives 
the actual orders from SPML and coordinates their progress with Production’s Detail 
Planning and Expedition departments. Consequently, Olst production can be 
characterized as a Make–to–Order model.  
 
Considering the scope of the project and that detail information about the filling plants 
and about the production facility is not being considered in the analysis, the following 
production units are identified in the actual production control system: 
 
- PU1 Weesp Lactulose production 
- PU2 Olst filling plant 
 
According to these production units, the most important Goods Flow Control Item in 
the system is the tons of 100% Lactulose that is produced at Weesp. However, when 
referring to the filling plant of Olst, there are 3 different products that need to be 
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considered as separate Good Flow Control Items: (1) Lactulose; (2) Biocure and (3) 
Mebeverine. 
 
Also the following decision functions can be identified: 
 
- Order Placement – Determining the Revolving Monthly Requirements Plan (RMRP)  
- Order Acceptance – Determining the Master Production Schedule (MPS) 
- Determining the detail Production Planning and Expedition 
- Assigning Lactulose to orders and delivery to customers 
 
The relation between these decision functions and the entities responsible for taking 
those decisions are shown in Figure 4. In this case, the focus is placed in the different 
decisions that are made in the Lactulose supply chain in order to get a general view of 
how the actual system works. Next a description of every decision function is made. 
 

 
 

Figure 4 – The relation between the decision functions 
 
2.1. Order Placement – Revolving Monthly Requirements Plan 
 
All customers place orders for final products at the Solvay Pharmaceuticals Marketing 
and Licensing (SPML) organization which is located in Switzerland. This is done 
through a standard form called the Revolving Monthly Requirements Plan (RMRP) 
that shows both the newly fixed orders as well as forecasts in a rolling horizon of 12 
months. 
 
The customers using the RMRP include the National Organizations, the Direct Export 
customers and the 3rd party business. All of them place orders for both packaged 
goods and containers. Also the smaller filling plant of Parets and Chatillon use the 
RMRP to place their orders at SPML. 
 
Before placing an order, SPML is in charge of checking the credibility of the various 
customers and performing other financial tasks. After that, SPML forwards the orders 
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to the different supply centers that are going to fulfill them. To do this, two main 
activities are carried out. First, the orders from the Direct Export customers are 
distinguished from those of the National Organizations customers because of 
responsibilities issues. Secondly, the orders are classified into packaged goods orders 
and container orders. The packaged goods orders are forwarded to the three filling 
plants while the container orders are forwarded to Weesp. Also the orders for 19m3 
trucks that Parets and Chatillon need from Weesp are forwarded to the filling plant of 
Olst together with the packaged goods orders. This implies that Weesp will receive 
the 19m3 orders for Parets and Chatillon with some delay and in this way its 
production efficiency might be negatively influenced. Finally, once the supply centers 
confirm the feasibility of all orders back to SPML, they in turn confirm the orders to 
the relevant customers. 
 
2.2. Order Acceptance – Master Production Schedule 
 
The Customer Service Desk at Olst receives the orders from SPML and then develops 
a Master Production Schedule (MPS) with the coordination of the Production 
department at Olst. At this stage, the decision process involves capacity checks for 
orders confirmation purposes which are done by the Customer Service Desk. Once the 
orders are confirmed back to SPML, different sales order are made and forwarded to 
the Production department together with the Parets and Chatillon orders. 
 
2.3. Detail Production Planning and Expedition 
 
Based on the MPS, the Production department at Olst receives the sales orders from 
the Customer Service Desk and then batches and transforms these orders into a 4-
week production cycle. Therefore, the decision making at this level is focus on a 
detail production planning and expedition.  
 
The cycle or production sequence runs determines the orders for 19m3 trucks that will 
be placed at Weesp. These orders are also combined with the Parets and Chatillon 
demand for 19m3 trucks. After combining both types of orders they are then 
forwarded to the Materials Management department at Weesp.  
 
Once the Lactulose is filled, packaged and checked for quality, the packaged goods 
are stored in different warehouses. Finally, the products are picked, packed and 
shipped to the customers. 
 
2.4. Lactulose Allocation and Delivery 
 
The Materials Management department at Weesp receives two incoming order 
streams. The first one correspond to the container orders from SPML and the second 
one to the 19m3 truck orders from Olst. All these orders are coordinated with the 
Production department at Weesp. The decisions taken determine how the available 
Lactulose is assigned to specific orders and then delivered. To do this, both 
departments also make decisions on when to close off a batch in the Veemtanks.  
 
Finally, after the quality is assured the bulk orders are delivered directly from Weesp 
to the customers. On the other hand, the 19m3 truck orders are delivered to the three 
filling plants. 
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3. Problem Analysis 
 
In this section the major problems found within the actual production control system 
are described. 
 
3.1. Fluctuations in Lactulose requirements 
 
After analyzing the Lactulose demand pattern that Olst places at Weesp, it was found 
that the fluctuations of these requirements can’t be properly absorbed by the actual 
production control system. 
 
Olst has two Lactulose tanks of 19m3 that can buffer possible fluctuations in delivery 
and production. If we make a simplification in the fact that there is a transport batch 
of 19m3 and that these batches cannot be mixed, it could be said that there is a 
buffering capacity of 38m3.  
 
Hence, in this way the system could absorb fluctuations which are 38m3 above or 
below the mean weekly Lactulose requirement. The data analyzed indicated that only 
in two weeks out of twenty the requirements fall out of this region, so up to know it 
seems that there is not a major buffering problem. However, there is another issue that 
needs to be addressed. If consecutive weeks requirements fall on the same side of the 
mean, whether above or below, then a cumulative effect is created. For example, 
when considering a three week cumulative requirement, there are seven more weeks 
where the fluctuations could not be absorbed by the two buffer tanks. 
 
Therefore, it can be concluded that the buffer tanks before the Olst production lines 
cannot simply absorb the fluctuations of the weekly Lactulose requirements. What is 
more, considering that Olst demands the biggest percentage of the Lactulose produced 
in Weesp, these fluctuations have also a large impact on the whole system. 
 
The major root cause of the fluctuations above mentioned is the different hourly 
Lactulose requirement rates associated with the different packaging sizes in each of 
the Olst filling lines. The rate per product depends on both the amount of Lactulose 
that has to go into the flask, as well as the production speed with which the product 
can be produced. Other minor causes of the fluctuations are: (1) Disruptions to the 
production line; (2) Production line standing idle due to materials not available; (3) 
The number of required set-ups varying with different run lengths. All these aspects 
should be taken into account when designing a new production control structure. 
 
3.2. Uncoordinated Order Streams  
 
The allocation of Weesp’s Lactulose is not centrally coordinated. The container orders 
are currently confirmed in Weesp while the packaged goods in Olst. These 
uncoordinated order streams do not check the overall demand that is placed on Weesp 
Lactulose production. 
 
Moreover, the demand for Lactulose from the filling plants of Parets and Chatillon are 
currently forwarded to Olst instead of being directly forwarded to Weesp. As it was 
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mentioned in the previous section, this generates an unnecessary delay in the order 
planning process at Weesp. 
 
Consequently, the lack of a centralized production planning makes it difficult for 
Weesp's Production department to accurately estimate the aggregate demand for 
Lactulose. In this way, the Veemtanks are not optimally used and therefore the 
batches become smaller. In fact, the actual production figures show that the average 
deliveries are higher compared with the average production output at Weesp. This is 
not surprising considering that Weesp is taking the wrong decision of closing a batch 
and delivering the Lactulose instead of measuring the overall future demand and wait 
for more orders to accumulate.  
 
The difference between the average deliveries and the production output explains why 
the stock level of Lactulose at the Veemtanks has dropped during last year. As a result 
of the lower stock, the batches become smaller and this in turn results in more 
administrative and quality analysis costs. 
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4. New Production Control System 
 
In this section the new planning and control system for the production and packaging 
parts of the Lactulose supply chain is described. 
 
In the first place, the new production control system should facilitate Solvay 
Pharmaceuticals in meeting the following requirements and conditions: 
 
- Achieve reliable deliveries to all customers (internal and external). 
- Maximize the output at Weesp. 
- Create a stable production environment at Olst. 
- Provide visibility and forecasts of available capacity for 3rd party customers in the 
long term (6 months – 1 year). 
- Enable customer prioritization if shortages occur. 
- Determine how the loading of Weesp's capacity can be centrally controlled. 
- Decide on the buffer capacity between Weesp and Olst. 
- Deal with and control any potential difficulties that might arise from conflicting 
objectives that exist in the chain. 
 
In order to design the new production control system the production units and the 
Goods Flow Control Items remain as in the initial situation. Regarding the decoupling 
points a further analysis should be made. 
 
The main idea behind the decoupling point (DP) concept is that production and 
logistics management attention must be paid to all kind of separate elements in the 
production chain in order to combine them in an integrated framework. In developing 
the frame of decoupling points, Hoekstra and Romme (1992) intended to furnish a 
concept for integral control. In this context, integral control refers to the planning and 
management of the goods flow –from purchasing materials to products delivery– 
based on the characteristics of the product-market combination, within a suited 
organizational and control structure. According to Hoekstra and Romme (1992), five 
possible DP positions correspond to five basic logistical structures: (1) Make and ship 
to local stock, (2) Make to central stock, (3) Assemble to order, (4) Make to order and 
(5) Purchase and make to order.  
 
It is very important to mention that the Solvay’s existing structure of the supply chain 
cannot be changed because of the nature of the chemical process. Thus, the allocation 
of the decoupling point is limited. Moreover, an analysis on whether to increase the 
buffer capacity between Weesp and Olst is not considered in the project because more 
detailed information regarding the actual as well as the future production figures is 
needed. Therefore, under such conditions, it is crucial to design the interface between 
the two paths on either sides of the decoupling point. In this sense, Solvay’s goods 
flow can be characterised within a complex network situation that can be split up into 
simple situations with clear responsibilities.  
 
Basically, two main production flows are suggested for the new production control 
structure. The first one consist of the truck orders from Olst, while the second one 
corresponds to the container orders from external customers together with the truck 
orders from the Parets and Chatillon filling plants. These two flows have different 
product and market characteristics (required delivery reliability, required delivery 
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time, predictability of the demand) which in turn determine the most suitable DP 
position among the five possibilities previously mentioned. Next, these characteristics 
are described for each production flow and the PD positions are identified. 
 
First, the truck orders from Olst are considered. In this case, when analysing the 
demand regularity, it can be seen that Olst demands the biggest part of the Lactulose 
produced at Weesp (57%). In this way, fluctuations of such a big part of the flow will 
have a large impact on the whole system. Hence, it is reasonable to provide a detail 
control to all the Olst’s orders in order to obtain a higher performance on the Weesp-
Olst-Customer chain. To achieve this, the corresponding decoupling point position 
should be close to Olst which means that a make to order solution will be 
implemented. 
 
Regarding the second production flow, it should be noted that the time slack for the 
container orders from external customers as well as for the truck orders from Parets 
and Chatillon forces the decoupling point position to be upstream in the supply chain. 
This time slack is generated due to the fact that the lead time for the container orders 
is 10 weeks, while real production can be finished in 4 weeks. Therefore, taking into 
account inventory costs, it can be concluded that the decoupling point position for 
these orders can be located further from the market. In this way, inventory costs are 
kept at low levels while a higher degree of freedom from market demand irregularities 
is provided to optimize upstream activities. Consequently, in this case a make to stock 
solution will be implemented. 
 
This split in the goods flow will allow Solvay to keep the right balance between 
efficiency and responsiveness in the Lactulose supply chain. The make to order policy 
for the Olst filling plant together with the make to stock policy implemented for the 
rest of Weesp’s customers, will provide a constant Lactulose output at Weesp in 
combination with a fast response to Olst’s demand. Due to the 6 weeks delivery 
window for the external customers, Parets and Chatillon orders, it is still possible to 
satisfy their demand by producing to stock. According to this logic, Weesp’s output is 
defined according to the real demand from Oslt plus the forecast for the external 
customers, Parets and Chatillon orders. However, it should be noted –as it will be 
described through the new decision functions– that the forecasting process might not 
be necessary if an aggregate production plan is developed for all the orders placed 
during the next 3 months. 
 
After identifying the main production flows with its corresponding decoupling points, 
the relation between the material flow and the new planning and production control 
structure is shown Figure 5. This framework is based on a production control model 
presented by Raaymaker, Bertrand, and Fransoo (2000). 
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Figure 5 – The new production control system 
 
In the new production control structure, two new departments are considered: Central 
Planning and Operational Planning. These departments together with the SPML 
organization will be in charge of taking all the new decision functions as it is 
described in the rest of this section. The location of these departments is irrelevant for 
the purpose of this analysis and they could be located at Weesp or Olst. However, it 
should be noted that the Operational Planning department will require its own 
personnel in the actual Production departments of Weesp and Olst in order to perform 
its corresponding decision functions. 
 
Considering the actual problems and requirements, the following decision functions 
are suggested for the new production control system: 
 
- Order Placement 
- Order Acceptance 
- Production and deliveries coordination 
 
Next a description of every decision function is made. 
 
4.1. Order Placement 
 
The first decision function involves mainly the orders placement. As in the actual 
situation, all customers will place the orders at the Solvay Pharmaceuticals Marketing 
and Licensing (SPML) organization on a monthly basis by using the Revolving 
Monthly Requirements Plan (RMRP). Fixed orders as well as forecasts are the inputs 
needed for developing the RMRP which is made in a rolling horizon of 12 months. 
 
Also, SPML will remain in charge of checking the credibility of the various customers 
and performing other related financial tasks. At this point, orders will be classified 
into different levels of importance according to customer relevance, volume of the 
order and using an ABC analysis. In this way, customer prioritization is possible if 
shortages occur upstream in the supply chain. After that, instead of splitting and 
forwarding the orders to different supply centers, all the orders will be forwarded to a 
newly created Central Planning department. In this way, uncoordinated order streams 
are avoided. Finally, once Central Planning confirms the feasibility of all orders back 
to SPML, they in turn will be able to confirm the orders to the relevant customers. 
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4.2. Order Acceptance 
 
Once all the orders have been placed in the RMRP, the next decision function 
involves the order acceptance. This decision will be in charge of a new Central 
Planning department that will gathered information from the filling plant at Olst and 
the production facility at Weesp. The output of this decision function is an aggregate 
production plan for the accepted orders as well as a definition of the aggregate 
inventory levels in the warehouse of De Meente. The aggregate production plan will 
have a 3 month horizon in order to consider an average lead time horizon and will be 
updated on a monthly basis as well. 
 
In order to accept the customer’s orders an aggregate capacity check needs to be 
performed. In the current production control system, the packaged goods orders 
together with the Parets and Chatillon orders are confirmed at Olst while the container 
orders are confirmed at Weesp. As it was previously mentioned, by this procedure a 
simultaneous capacity check for the overall demand cannot be performed through the 
Lactulose supply chain. However, in the proposed system all orders will be confirmed 
at a single place, the Central Planning department, and a simultaneous capacity check 
will be done at Weesp and Olst. The objective of incorporating this centralized 
production planning function is to increase coordination of the goods flow in the 
supply chain and therefore to reduce fluctuations. 
 
Also another advantage of the centralized production planning is that sub-
optimization within the different supply centers is avoided. For example, in the actual 
production control structure the filling plant at Olst might optimize its production 
efficiency by accepting a lot of orders although at Weesp there is not sufficient 
capacity to fulfill this demand. This is because the capacity availability is not centrally 
coordinated. In this sense, potential difficulties that might arise from conflicting 
objectives that exist in the chain can be controlled with this new decision function.  
 
Next a general stepwise approach to perform the aggregate capacity check and the 
customer order acceptance is described. The methodology will be applied 
simultaneously at Weesp and Olst. 
 
In Figure 6 an example of how the stepwise approach will be implemented in a 
hypothetical situation is shown. 
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Figure 6 – A stepwise approach to perform the aggregate capacity check and the customer order 
acceptance 

 
Step 1 
 
The first step is to determine the gross capacity available for each specific production 
resource. The term production resource is used indistinctively to refer to any 
production equipment involved the Lactulose production process such as the flask 
filling line at Olst or the specific equipment used at Weesp to perform the purification 
process. 
 
Step 2 
 
The second step is to define a flexibility gap for each production resource. This gap 
represents a certain amount of the gross capacity available that will remain free in 
order to give certain flexibility to the lower decision function level when determining 
the production run sequences. In this way, a more stable environment at Olst can be 
achieved by using this flexibility to reduce the actual Lactulose requirements 
fluctuations. Also, the flexibility gap can be used to reduce unplanned fluctuations. 
 
One of the reasons why a flexibility gap is needed is to determine a maximum gross 
workload1 that a production resource is able to fulfill regardless of the production run 

                                                
1  The term gross workload refers to the workload that is placed on a production resource when 
considering the minimum number of setup times needed in a production sequence. At the same time, 
the term net workload refers to the workload placed on a production resource when other production 
sequence is used. 
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sequence that will be used. The sequencing decision strongly affects the net workload 
because of the number of setups that can be used to fulfill a group of orders. This is 
why it is difficult to know exactly in advance what the net workload of a certain 
production resource will be. Therefore, by using a flexibility gap the sequencing 
decision can be taken as late as possible while at the same time overloads and orders 
delays as a consequence of needing more production flexibility are prevented. 
 
The flexibility gap will be updated on a monthly basis in cooperation with a new 
department called Operational Planning. The main advantage of introducing this 
planned free capacity is that the goods flow can be balanced through the supply chain 
while production resources can be easily adjusted to the bottlenecks productivity. 
Moreover, efficiency levels can be set according to the aggregate demand on each 
period. 
 
Step 3 
 
The third step is to specify the net capacity available per production resource. After 
the flexibility gaps are defined, they are subtracted from the gross capacity available 
together with the planned maintenances in order to obtain the net capacity available 
per production resource.  
 
Step 4 
 
Once the net capacity available per production resource is determined, the fourth step 
involves the customer’s orders acceptance. First, all the orders that were placed in a 
certain month need to be translated into an aggregate gross workload for each of the 
production resources. After that, the net capacity available is compared with the gross 
workload for every production resource involved. At this point, if for any production 
resource in the supply chain the gross workload is higher than the net capacity 
available then some of the orders from the aggregate gross workload will have to be 
rejected according to the prioritization level previously defined by the SPML 
organization. The latter will in turn decide to cancel this order or to postpone it. 
Finally, once the aggregate gross workload is fit into the net capacity available for 
every production resource then these orders are forwarded to the Operational Planning 
department and confirmed back to SPML. 
 
Step 5 
 
The final step is to determine a target level of flexibility for each production resource. 
This flexibility target will be used by the lower decision level as an input for 
optimization when developing the production runs sequences. Also this variable will 
be updated on a monthly basis in cooperation with the Operational Planning 
department. 
 
The main reason why a flexibility requirement is incorporated in the decision function 
is to provide a control variable on how the Operational Planning department will 
administer the flexibility gap previously mentioned. In this sense, the higher decision 
level in the production control system will have to make a trade-off between 
production efficiency and flexibility which in turn results in higher costs. Although 
this decision is made on an aggregate level, this control variable can be used to make 



      Solvay Case – Production Control Systems 

16 

adjustments according to the dynamic behavior of the market. Figure 7 shows the 
relation between the decisions taken in each of the steps previously described and the 
production efficiency and flexibility. 
 

 
 

Figure 7 – Trade off between production efficiency and flexibility 
 
Finally, it should be noted that the target level of flexibility as well as the flexibility 
gap will play a major role at Olst, where the material complexity and production mix 
is much higher in comparison to Weesp. In this sense, the target flexibility level will 
highly depend on the orders production mix. 
 
4.3. Production and deliveries coordination 
 
Finally, the last decision function required in the new production control system is to 
develop a detail production plan. After all the orders have been accepted in the 
Central Planning department, a detail coordination of the goods flow will be 
performed by a new Operational Planning department. This department will be in 
charge of coordinating orders deliveries, developing a 4-week production cycle at Olst 
and determining the constant output rate at Weesp. 
 
It should be noted that the duration of the production cycle at Olst was considered as a 
constraint given by the installed capacity within the scope of the project. 
 
One of the main advantages of having a central operational planning is that the total 
output at Weesp can be matched more accurately with the production run sequences at 
Olst. Moreover, when applying a centralized production coordination the efficiency of 
the Veemtanks can be improved because all orders deliveries are planned 
simultaneously which in turn can lead to an increase in the size of the batches and 
consequently in lower quality costs. All this aspects will have the positive effects of 
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reducing the fluctuations in the supply chain as well as improving the delivery 
reliability to the internal and external customers. 
 
As in the previous decision function, a stepwise approach is used to describe the 
production coordination procedure. 
 
Step 1 
 
The first step in order to begin with the detail production coordination is to plan the 
orders deliveries from Olst to the different customers on a weekly basis. 
 
Step 2 
 
Once the deliveries to be made from Olst for a certain week are planned, then the 
second step is to transform these orders into a 4-week production cycle. To do this, 
the Operational Planning department will build a production run sequence for each 
production resource at Olst. The production run sequences are made on a weekly basis 
according to the target flexibility level previously define by the Central Planning 
department.  
 
At this point, the Operational Planning department will determine the amount of 
Lactulose trucks that are needed at Olst for a certain week. Also a purchasing pre-
cycle will be developed according to the production run sequence previously defined. 
 
Step 3 
 
The third step involved in the production coordination is to determine the constant 
production rate that will be set at Weesp. This decision will be made every 3 months 
in order to follow the aggregate production plan horizon.  
 
The Operational Planning department will determine the constant output rate at 
Weesp according to the overall average demand of Lactulose for the next 3 months in 
the aggregate production plan. In this way, a constant output rate can be fixed and the 
overall Lactulose requirements can be met.  
 
Considering that the order flow from Weesp to Olst will be planned under a make to 
order policy, then the real orders placed by Olst at Weesp for the following 3 months 
should be included when determining the overall average demand. However, in the 
case of the Parets, Chatillon and the external customer’s orders placed directly at 
Weesp, a 3 month forecast could be used if necessary to determine the overall average 
demand because this order flow will be planned under a make to stock policy. In this 
sense, forecasts will only apply when there is no precise information regarding the 
latter group of orders for the next 3 months. 
 
Also, it should be noted that the total output rate of the plant is mainly determined by 
the Post-purification process which turns out to be the bottleneck in the Lactulose 
production. Therefore, the actual output rate at Weesp can be adjusted by using the 
buffer tank (R801). In this way, flexibility can also be incorporated in the production 
flow according to the flexibility target level previously defined by the Central 
Planning department. 
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The main reason why a constant output rate is set in the new production control 
system is the production characteristics at Weesp. Considering that the Lactulose 
production is mainly a continuous flow process with a low material complexity and 
that there are no setups, then it does not make sense to build a production run 
sequence as in Olst. Therefore, adjusting and planning the value of a flow control 
variable is more appropriate. In this way, the output at Weesp can be maximized and 
the usage of the Veemtanks can be improved. 
 
Step 4 
 
Finally, the Operational Planning department will plan on a weekly basis the container 
orders deliveries from Weesp to the external customers as well as the 19m3 trucks 
orders deliveries to the internal customers (i.e. the three filling plants at Olst, Parets 
and Chatillon). 
 
To do this, the overall demand placed at Weesp will be split into two main order 
flows: (1) The 19m3 trucks orders from Olst and (2) The 19m3 trucks orders from 
Parets and Chatillon together with the container orders from external customers. As it 
was mentioned at the beginning of this section when analyzing the decoupling point’s 
positions, the first flow will be supplied under a make to order policy while for the 
second flow a make to stock policy will be used.  
 
Therefore, the Operational Planning department will first assign the Lactulose 
produced at Weesp to fulfill all the Olst’s orders. Afterwards, the corresponding 
deliveries for these orders will be planned in order to exactly meet the Lactulose 
requirements from Olst.  
 
In a second phase, the rest of the Lactulose production will be assigned to the second 
order flow. In this case, deliveries will be planned in order to keep the actual output 
rate at Weesp equal to the average output rate previously set. This objective can be 
achieved considering that the second order flow has in general a 6 weeks delivery 
window. This means that deliveries for these orders can be planned with a flexibility 
of 6 weeks. 
 
It could be concluded that the planning flexibility implicit in this decision rule is 
determined by the percentage of the total demand that can be planned within the 6 
weeks delivery window, i.e Demand(Paret, Chatillon and external customers)/Total 
Demand.  
 
At this stage, decisions on when to close off a batch in the Veemtanks are made 
according to the planned deliveries.  
 
The main advantage of including this decision rule in the new production control 
structure is that the Olst’s Lactulose requirements can be exactly met, and therefore, 
the impact that the corresponding current fluctuations have on the buffer capacity can 
be reduced. Also, the planning flexibility considered for the second order flow (Parets, 
Chatillon and external customers) can be used to maintain a constant output rate at 
Weesp. 
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5. Conclusions 
 
The proposed production control system was designed with the aim of coping with the 
actual problems while trying to facilitate the Solvay Pharmaceuticals division in 
achieving the planning system objectives.  
 
Although a general analysis of the supply chain dynamics was done without 
considering detailed information about the production facility at Weesp or the filling 
plant at Olst, some stepwise procedures have been described in order to provide the 
most important guidelines concerning the functioning of the new production control 
system. 
 
One of the most important modifications introduced in the actual system is the 
centralization of the aggregate as well as the detail production planning. The 
production control procedures proposed while increasing the levels of coordination in 
the production planning process will help the company to: (1) Adjust the desire degree 
of flexibility and consequently the efficiency levels in the supply chain; (2) Reduce 
the fluctuations in the supply chain and generate a more stable environment at Olst; 
(3) Improve the performance of the Veemtanks and maximize the output at Weesp; 
(4) Avoid sub-optimization in the different Lactulose supply centres and (5) Identified 
the overall workload that is placed in the supply chain. 
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