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Summary 

In this report the results of a study are presented, which was carried out for Quest 
Flavour Ingredients. In this report the production of flavours at the Quest site in 
Naarden, the Netherlands, is concerned. The sourcing unit Flavour Ingredients has 
faced several planning problems. Therefore, a study was requested which should 
result in planning rules for Flavour Ingredients. 

In planning both production and market characteristics have to be taken into account. 
Therefore, production characteristics of the Flavour Ingredients were studied. Also the 
relation with other sourcing units and the business units in the supply chain was 
studied. 

There are three points of concern. First, there is no good insight into the available 
capacity on the medium term. Second, many short term variations in production and 
demand result in a frequently changing production plan. Third, attention should be 
paid to the communication with the sourcing and business units. 

Several opportunities for improvement are discussed. First, aggregate production 
planning on the medium term may provide a better insight into the available capacity. 
Furthermore, aggregate planning may provide a production plan which is less 
influenced by variations. Second, when using different planning rules for different 
types of products, cost savings may be possible. Third, improved co-ordination with· 
the sourcing and business units will result in better insight into demand changes and 
may result in less short term changes of the production plan. 



1. Introduction 

Quest International is a world-wide producer of flavours. fragrances and food 
ingredients. Quest International is part of the Unilever holding. In this report the 
production of flavours at the Quest site in Naarden. the Netherlands, is concerned. At 
this site flavours are produced which are mainly used by businesses in the food and 
beverage industry for sweet products. Flavours for meat and snacks are produced at 
other Quest sites. 

Quest is organised according to a business unit structure. For this study the following 
business units are of interest: Non Alcoholic Beverages (NAB), Alcoholic Beverages, 
Confectionery & Tobacco (ABC&T), Bakery (B), Dairy (D), Butter Flavours (BF), 
and the business unit International (Int). The business units have the responsibility for 
the sales of Quest. In Naarden three sourcing units are responsible for the production 
of flavours: Flavour Ingredients (FLI), Sweet (FLE) and Non Alcoholic Beverages 
(FLP). FLI produces single components, called ingredients, from which compounds 
are made in the other sourcing units. The sourcing unit FLI produces intermediate 
products which are used by the other sourcing units. FLE produces end products. but 
also produces intermediates for the sourcing unit FLP. FLP produces end products and 
uses raw materials, and intermediate products from both FLI and FLP. The supply 
chain considered in this study is given in figure 1. 

Figure 1: Supply Chain Quest Flavours 

Flavour Ingredients consists of two production facilities, KP and FLD. Each 
production facility produces its own products. In the FLD mainly natural flavour 
ingredients are produced. In KP mainly nature identical products are produced. The 
production characteristics of both production facilities are different. Therefore the two 
facilities will be considered separately in this study. Before the introduction of the 
business unit structure KP belonged to the fragrances department. There still is close 
co-operation between the production facility for fragrances and KP. In the beginning 
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of 1995 the capacity units of FLD were moved to an other building. As a consequence 
production had to close down for a few months. 

In 1995 the sourcing unit Flavour Ingredients had several problems in realising the 
agreed delivery date for their products. This resulted in a delivery performance to 
external customers that was considered unacceptable. These problems were partly 
caused by delays and technical problems at the introduction of the new production 
facility for FLD. However, there are several other aspects that have to be taken into 
account. Therefore the planning situation was studied at the request of FLI. This 
should result in planning rules that will realise an improved delivery performance. In 
this report the results of the study are given. 

Planning will be considered here as the discipline concerned with the allocation of 
production capacity and time, raw materials, intermediate products and final product 
inventories, as well as labour and energy resources, so as to meet market demand for 
products over an extended period of time into the future [Hax, 1978]. 

In this report first the production and planning characteristics of FLI will be described 
in section 2. Then the relations with the other sourcing units and the business units 
will be described in section 3. In section 4 the production planning ofFLI is 
described. Next, in section 5, several problems concerning production planning will 
be discussed. Finally, planning rules will be given in section 6. 
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2. Production Characteristics FLI 

2.1 Products 
Flavour Ingredients produces approximately 200 different products. Both natural and 
nature identical products are produced. The product assortment for FLI changes 
quickly. This provided some difficulties in collecting data, because for some products 
there were no production data and for others there were no demand forecasts 
available. In this study 92 products for FLD and 105 products for KP are taken into 
account. 

There is a large variation in the prices of the different products. This concerns both the 
prices of raw material and the production costs. Because the products of FLI are 
intermediate products they are valued against a fixed cost price. The sourcing units are 
responsible for the production cost and not for sales prices and profit margins. In table 
1 the distribution of the fixed cost prices for KP and FLD products are given. It 
becomes clear from this table that the products produced by KP have considerably 
higher cost prices than FLD products. 

) roducts KP roducts 
0-20 66% 8% 

20-100 16% 20% 
100-200 10% 11% 
200-500 4% 18% 

500- 1000 3% 18% 
>1000 1% 21 % 

For approximately 80 % of the products specific raw materials are used. The other 
products use raw materials which can be used for one or more other products. In most 
of these cases the same raw material is shared by two or three products. There is one 
exception, namely butteroil, which is used for 9 products. The butter flavours do not 
only share raw materials. Sometimes a certain butter flavour is used to produce an 
other butter flavour. This is sometimes also the case for other products, for example 
the citrus flavours. 

The fixed cost prices, mentioned above, consist of production cost and raw material 
cost. To get an insight into the relative importance of both types of cost the relative 
material cost are calculated. The results are presented in figure 2. For FLD products 
the material cost take a large share of the total fixed cost price. For nearly half the 
products the material cost represent over 80% of the total flXed cost price. For KP 
there are products for which material cost is a small part of the total cost, but there are 
also products for which material cost is a large part of the total cost. The difference 
between FLD and KP products can be explained by the fact that KP products are 
generally produced in smaller batch sizes than FLD products. Furthermore the KP 
products generally require more and longer processing steps than FLD products. 
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Figure 2: Share of material cost in the fixed cost price 

There is not only a large variety in cost prices of the products. The sales volumes are 
very different as well for the different products. This is shown in table 2. The sales 
volume of FLD products is considerably higher than the sales volume of KP products. 

Table 2: Sales volume distribution 1995 
Sales volume (k) FLD roducts KP 

0-100 15 % 
100-500 16 % 

500-1,000 15 % 
1,000-5,000 23 % 

5,000-10,000 10 % 
10,000-100,000 15 % 

>100,000 4 % 

2.2 Production Capacity 

roducts 
57% 
26% 
8% 
9% 
0% 
0% 
0% 

The production capacity of FLD consists of several extraction units. Different 
production units are used for products with solid and fluid raw materials. The 
extraction units can be further distinguished by the possibilities to execute warm or 
cold extractions. Other production units in FLD are a chromatography unit, 
destillation units, a fermentation unit, a shake out unit, a press, two reaction units, 
some separation and grinding units. A list of capacity units in FLD is given in table 3. 
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Table 3: CaEacitx units FLD 
type of capacity unit. man/machine machine rate expected 

ratio (D,tllhour) utilization 
destillation unit 0.35 65 37% 
shake out container 0.20 20 15 % 
fermentation vessel 0.15 30 18% 
extraction vessel 0.35 65 50% 
extraction vessel 0.35 65 125% 
extraction vessel (parall.) 
extractionldestillation vessel 0.35 70 74% 
hydraulic press 1.00 80 19% 
destillation vessel 1.05 1% 
vacuum destillation vessel 0.60 90 3% 
extraction vessel (fluid) 0.35 65 14% 
enzymolyse vessel 0.35 60 8% 
autoclave 0.30 60 20% 
reaction vessel 0.80 90 75% 
grinding machinery 65 2% 
separation machinery 0.40 60 5% 
chromatograph 0.30 30 66% 
general operator/machine 1.00 100 54% 
caEacitx 

In KP chemical reactions and destillation processes are carried out for which several 
capacity units are available. Furthermore a capacity unit developed for Quest is 
available, called the "Nard". A list of capacity units in KP is given in table 4. 

Table 4: CaEacitx units KP 
type of capacity unit. man/machine machine rate expected 

ratio (Dfl/hour) utilization 
Reactionldestillation vessel 0.80 130 39% 
Reactionldestillation vessel 0.60 105 21 % 
Nard 0.60 170 89% 
Reactionldestillation vessel 0.45 100 23% 
Reactionldestillation vessel 0.45 105 14% 
General operator/machine 1.00 155 83% 
caEacitx 

In KP two different parts can be distinguished. On one side of the production facility 
the capacity units as listed in table 4 can be found. On the other side several small 
reaction and destillation units can be found. These small units are generally not 
considered in the production plan. They are taken into account as if only operator 
capacity is needed. 

The production units in FLI are all unique. There are some units in which the same' 
kind of processes take place, for example extraction, destillation or reactions. The 
production units differ in size, the possibility to produce under vacuum or pressure, 
the type of stirrer, etc. Each product has a preferred production unit, but some 
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products may be produced on an alternative unit. This results in limited 
interchangeability between production units. 

There is a large variety in the utilisation of the capacity units. Some units have a 
utilisation close to 100%. Others have a utilisation of less than 10 %. The forecasted 
utilisation for 1996 is also given in tables 3 and 4. It should be noted that operator 
capacity has a utilisation of 54 and 83% for FLD and KP, respectively. 

The operator capacity is shared between the production facilities. The production 
takes place in three shifts. each shift consisting of 6 operators and one foreman. 
Normally the operators are equally divided over the production facilities. Generally 
one operator can handle more than one capacity unit at the same time. The attention 
that an operator has to pay to a capacity units depends on the product and the 
processing step. Generally the time an operator spends on a capacity unit is not 
equally distributed over the processing time. For example, to start a certain processing 
step the operator has to fill the vessel with raw material, then he only has to keep an 
eye on the process. finally when the product is being packed he is needed again. 

2.3 Routing characteristics FLD 
The variety in routings is considered large. There are products with only one or two 
processing steps. Other products need up to 15 processing steps. In general the FLD 
products have a less complex routing than the products of KP. There is also a large 
variation in processing times. There are two main reasons for the differences between 
the processing times of the products. The first reason is that there is a large variety of 
different products and for example an extraction from one material cannot be 
compared to the extraction of an other materiaL The second reason is the multipurpose 
character of the capacity units. One and the same vessel is used for a different process 
for different products. For example one vessel is used for extraction, dissolving and 
separating. In this section only some examples of routings will be presented. 

The butter flavours produced at FLD have a simple routing. They are produced on 
either the reaction unit for butter flavours or the autoclave. These capacity units have 
an expected utilisation rate for 1996 of 75 and 20 % respectively. For the butter 
flavours no link with other capacity units is needed. Sometimes the reaction in one of 
the two capacity units is followed by a packing the product, for which operator 
capacity is needed. Some products are made in two steps. The product resulting from 
the first step is a product that is not only an intermediate, but is also used as a butter 
flavour. Production for one batch takes between 20 and 80 hours on the autoclave and 
10 to 40 hours on the reaction unit. The products that are normally produced on the 
reaction unit can be produced on the autoclave as well. For the autoclave no 
alternative capacity units are available. A routing example for a butter flavour is 
presented in figure 3. 

10 Duration 12 
60h 

Figure 3: Routing example butter flavour 
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Extracts of solid materials are produced by four vessels. Two are used for cold 
extraction, one for warm extraction and with the fourth vessel extraction and 
destillation can be carried out. Because one capacity unit has an expected utilisation of 
over 100 %, an extraction vessel is placed in parallel. The processing time for cold 
extraction is between 4 and 136 hours. The processing time for warm extraction is 
between 4 and 24 hours for products which will not be concentrated or distillated. For 
those products the extraction time is between 60 and 216 hours. The destillation step 
for these products takes between 50 and 200 hours. Then there is the vessel which is 
suitable for both extraction and destillation. Processing times for a batch are between 
5 and 145 hours. When a distinction is made between products that are only extracted 
or distillated the same range of processing times is found. The extraction vessels are 
often used together with a press that removes the extraction fluid from the solid raw 
material. Apart from extraction from solid materials, extracts can also be produced 
from fluids. This type of extraction is carried out on a special unit. A routing example 
of an extract is presented in figure 4. 

For the extraction generally a mix of water and ethanol is used. The ethanol can be 
recovered and can be used again. However, the recovered ethanol contains some 
flavour, which makes it suitable only for the product for which it was first used or a 
similar product. 

10 Task Name 
5 cacao flavour ............................................................................ + 
IS extraction 

10 cleaning 

11 correctinglliltrating/packing 

Figure 4: Routing example extract 

Fermentates are produced on a vessel with a low capacity utilisation, namely 18 %. 
Processing times are from 130 to 660 hours for one batch. Shake out products also 
have relatively long processing times; around 50 hours per batch. This capacity unit is 
also used for other processes (mixing). A routing example is presented in figure 5. 

10 Task Name 
14 malt flavour 

15 creating substrate 1h man 

1h man 

Figure 5: Routing example fermentate 
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Two capacity units are often used in combination to concentrate a product (ezymolyse 
& chromatography). The first unit is used for mixing, the second for concentrating. 
Processing steps on the first unit take between 2 and 12 hours. On the second unit the 
processing times are between 10 and 55 hours. A routing example is presented in 
figure 6. 

10 Task Name Duration 12 
22 whisky flavour 29h 

23 mixing 
,-"-.--, ........... ---~ 

24 cleaning enz 

25 concentrating 

26 cleaning 

Figure 6: Routing example concentrate 

Most of the capacity units in FLD are connected with pipelines to the 6 storage 
vessels. These vessels are used to store intermediate products. With a switch board 
connections between capacity and storage units and different capacity units can be 
made. The capacity units for the butter flavours, the shake out unit and the 
chromatography unit are not part of the pipeline network. The transfer of material and 
intermediate products to and from these units has to be done in emballage. For solid 
materials also emballage is used. 

2.4 Routing characteristics KP 
At KP there is one capacity unit with a high utilisation, namely 89 %. This so-called 
'Nard' is developed for a special process which was invented in Naarden. A 
processing step on the 'Nard' is often succeeded by a processing step on one reaction 
unit to remove the solvent. This unit has an expected utilisation of 23 %. For the 8 
products that only use the two units mentioned the processing times on the 'Nard' are 
between 18 and 187 hours. The processing time on the reaction unit are between 8 and 
24 hours. The cleaning times are between 10 and 24 hours for the 'Nard' and 8 hours 
for the reaction unit. A routing example is presented in figure 7. 

Name Duration 12 
28 grapefruit flavour SOh 

f----i''' .. '''''''''''''''''~" .. -~.'''-." .. '''-'''' .. ''''.--,,~-.. -,-.. ''''-,,-
29 preparing 

30 nardenising 

31 

rea 

Figure 7: Routing example Nard product 

The reactionldestillation vessels in KP are used in various combinations. These units 
have an expected utilisation rate of 39 %, 21 %,23 % and 14 % respectively. 
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Some products have to undergo some processing steps in KP and others in the 
production location for fragrances on the Naarden site. The routing for these products 
is generally long. Five of these products have one processing step in KP on the 'Nard'. 
The processing time on the Nard is between 90 and 140 hours, with one exception of 
8 hours. A routing example is presented in figure 8. 

January I February I 
10 Task Name Duration 12131 I 117 I 1/14 I 1121 I 1/28 I 214 I 2111 J 2118 I 21251 313 
36 alcohol flavour 1 344h 

37 ------·--·----t--· 
destillaling ,SOh nr 

'""38 ,~v_'_""""""""""'~'~"""'''''''''>M''''~~~~''''''''''''l. .. ~ __ , 
Ir nr cleaning ! 8h 

39 mixing 12h 
, 

nr 

40 cleaning i 6h P-
nr 

41 extracting 90h I _nar 

42 cleaning 811 ! tnar 

43 fractionating 40h i i"nr 

44 I cleaning 8h , 
iF nr 

45 'QV"~""""" 45h 1 l"-- nr 

8h I -
46 cleaning r nr 

41 I reacting 16h I "rea 
48 I cleaning 

8h I I I "rea 
49 I mixing 16h nr 

50 extracting 14h ! nr 
-

6h I IIr nr 51 cleaning 

~ -~-~~'" fractionating 46h ! nr 

8h I 53 cleaning ~nr 
""'"_~'V~ 

('man 54 mixing/finishing 3hli 

Figure 8: Routing example KPINR product 

At KP there are a number of products with a routing with a low complexity. For 
example products that need only one processing step. On the reactionldestillation units 
unit different type of tasks are carried out; mixing, reacting, baking. The processing 
time for one batch is between 4 and 22 hours for the different products. Some 
products do need some manual adjusting or preparation. Cleaning before and after 
production take between 6 and 14 hours per batch. 

For KP the materials and intermediate products are all transferred to and from the 
capacity units by emballage. The "Nard" is an exception while there are pipelines to 
transfer the intermediates. There are no pipeline connections with other capacity units. 

2.5 Production restrictions 
For some products there are processing steps that have to be followed by the next step 
immediately. This is caused by the intermediate product quality deteriorating or by 
instability of the intermediate product. The first situation generally holds for natural 
products of which the intermediate contains no ethanol or any other conserving 
materiaL The second situation can be found after certain chemical reactions. 
Sometimes processing steps do not have to follow each other immediately, but within 
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Some of the butter flavours produced by FLI are kosher products. Because not all the 
butter flavours produced are kosher, it is necessary to obtain a permission from the 
rabbi each time kosher products are produced. The rabbi will only give his permission 
when the capacity unit has been unused for 24 hours. Therefore, the production of 
kosher products is generally started at the beginning of the week. 

It is generally the case that when the batch size is decreased the processing time stays 
unchanged. This means that operator and machine capacity needed to produce a full 
batch is the same as the capacity needed for half a batch. The production costs which 
are included in the fixed cost price of the products is based on production of a full 
batch. For destillation the processing time decreases when the batch size decreases. 
When the batch size is half the maximum batch size the processing time of this batch 
is more than half the processing time of a full batch. For the "Nard" the processing 
time also decreases with the batch size. In this case the production of half the 
maximum batch size takes half the processing time of a full batch. 

After production of a certain product the capacity units have to be cleaned before the 
next product can be produced with it. The cleaning times vary considerably from 
product to product. For FLO products the total cleaning time per batch varies between 
2 and 6 hours. with an exception of 15 hours. For KP the cleaning time per batch is 
generally longer; between 0 and 24 hours. There are some exceptions with a cleaning 
time of over 30 hours per batch. When several batches of the same product are 
produced sequentially this generally reduces total cleaning time. When similar 
products are produced after each other this will also reduce cleaning time. For 
example when two different cacao flavours are produced. These sequence dependent 
cleaning times hold for both production locations. 

2.6 Production uncertainty 
From the production data of the last 6 months of 1995 it becomes clear that there is a 
considerable uncertainty in production output. The variation in processing times is of 
much less importance to FLI. The planned output is compared to the real output, and a 
distribution is presented in figure 9. In this figure the real output is expressed as a 
percentage of the planned output. 
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<50% 50- 50- 70- 50- 90- 100- 110- 120- 130- 140- >150% 
60% 70% 80% 90% 100% 110% 120% 130% 140% 150% 

Output 

Figure 9: real output related to planned output 

Both production locations have comparable uncertainties in production output. For 
approximately 60 % of the production orders the real output is between 90 and 110 % 
of the planned output. In figure 11 only the variation in output quantity is expressed. 
In this figure the results are presented for all production orders produced in the last 6 
months of 1995. The results are not studied for the individual products. 

There is, however, also variation in the quality of the products. When a product does 
not meet specification generally rework is needed. This results in a higher utilisation 
of both operator and machine capacity and in delay of the production order. It is very 
seldom the case that rework is not possible and the product cannot be used at all. 
Sometimes it is possible to mix a batch of a product with other batches of the same 
product in a way that specifications are met for the mixed batches. 
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3. FLI as a part of the supply chain 

3.1 The Supply Chain 
Quest International is organised according to a business unit structure. Flavour 
Ingredients is one of the sourcing units. Together with the sourcing units Sweet and 
Non Alcoholic Beverages it serves 6 business units. The business units of interest in 
this study are Non Alcoholic Beverages (NAB), Alcoholic Beverages, Confectionery 
and Tobacco (ABC&T), Bakery (B), International (Int), Dairy (D) and Butter Flavours 
(BF). The supply chain has been presented in figure 10. 

Figure 10: Supply Chain Quest Flavours 

The sourcing unit FLI produces flavour ingredients. The other sourcing units produce 
aromas which consist of one or more flavour ingredients. In the next paragraphs the 
different parts of the supply chain are described. 

3.2 Suppliers 
Most of the raw materials used are natural materials. The quality of these materials is 
not constant. There is a variation in quality by lot but also by harvest. If the weather 
circumstances were good the entire harvest will be of a better quality. Normally year 
contracts are closed at the beginning or before the harvest starts. It is generally 
possible to buy extra materials if necessary, but that is more complicated. The raw 
materials are obtained from all over the world. For several materials there are a few 
alternative supplying countries. 

The purchasing lead time for natural materials has a minimum of 3 to 4 weeks. 
However, lead times of 3 to 4 months are not unusual. The maximum lead time is up 
to 2 years for a specific product. For chemical materials the lead times are often 
shorter. For these products generally better agreements can be made with suppliers 
concerning delivery time and product quality. 
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Raw materials generally have a shelf life of a few months to half a year. The raw 
materials can be purchased the year round, but for some products the price fluctuates 
substantially during the year. These products. for example cucumber, are purchased 
only during the harvest season when prices are low. 

3.3 Sourcing units 
The sourcing unit FLI has been described in detail in the former section. Therefore 
this section will be limited to the sourcing units Sweet (FLE) and Non Alcoholic 
Beverages (FLP). These sourcing units produce aromas from the flavour ingredients 
together with some other materials. An aroma consists of one or more ingredients and 
an ingredient can be used in one or more aroma. 

Most of the products from FLI will be used by FLE. Here approximately 2000 
different recipes are produced. Generally production takes place on customer order. A 
delivery time of two weeks is realistic and is acceptable for the customers. Some large 
customers require a delivery time of 3 to 4 weeks, which provides for some slack. For 
some products inventory is kept. 

The flavour ingredients most commonly used by FLE are weighed automatically. 
There is a weighing facility in which the products are placed which are frequently 
used, for which relatively large amounts are used and which are not extremely 
expensive. When a product is produced ftrst the common ingredients are put together. 
Then the preparator adds the other flavour ingredients. FLE prefers large packaging 
for the most common ingredients. 

The sourcing unit FLP uses the flavour ingredients mainly in an indirect way. Only the 
gom products are obtained directly from FLI. At the moment the gom products are 
outsourced and it is not clear whether they will be produced by FLI again. Other 
flavour ingredients are ftrst mixed by FLE to produce so-called keys. These keys are 
used by FLP to produce their products. Along with the key other materials are used, 
such as fruit juice, sugar, lemon acid. 

The sourcing unit FLP mainly produces to customer order with a delivery time of 10 
days. Because the demand during the summer is considerably higher a seasonal stock 
of keys is build up. 

3.4 Business units 
The business units sell approximately 2000 to 3000 different products. There are 
several product which have many ingredients in common, but differ in the exact 
amounts used in the recipe or in some ingredient which is used in small amounts. For 
example NAB sells several products for orange and lemon soft drinks. Most of the 
products are customer speciftc. The other products are generally sold to a few 
customers. 

Quest delivers to large and small customers. The business unit butter flavours delivers 
only to margarine producers within Unilever. Generally there are contracts with the 
large customers concerning prices. The large customers generally provide information 
on their expected demand volume. Some of the large customer request that a safety 
stock is kept by Quest which is exclusively for them. This safety stock may concern 
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final or intermediate products. The customer generally pays for this safety stock and is 
obligated to buy the product before changing to an other flavour. The delivery time of 
Quest products is generally 2 to 3 weeks. 

Every year many new products are introduced. The product life cycle of the products 
is about 5 years on the average. The product life cycle of the butter flavours is 
generally longer. It is hard to determine how many of these new products have some 
effect on the production of flavour ingredients. The introduction of a new strawberry 
or orange flavour generally is a variation to existing flavours. This will hardly have 
any influence on the demand for flavour ingredients. However, the introduction of a 
truly new product, like ice-tea flavours a few years ago, results in demand for new 
flavour ingredients. In this case tea extracts were introduced as new flavour 
ingredients. 

3.5 Demand characteristics 
The demand for the flavour ingredients is said to be rather variable and dynamic. 
When demand is dynamic this means that the average demand changes considerably 
over time. For the products of Quest Flavour Ingredients the demand figures for 1994 
and 1995 were available. The demand for 1995 was expressed as a percentage of the 
demand for 1994. When the output was 100% this meant that the demand for 1995 
was equal to the demand for 1994, 200 % means that the demand has doubled for 
1995. The results are presented in figure 11. From the results we can conclude that the 
changes in total demand over one year are considerable. 
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Figure 11: Demand change 1995 
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Demand changes can occur when the products are sold to customers who did not buy 
the product before. Another possibility is when the customers apply the flavour in 
other products. When the demand for the product, in which the flavour is applied (for 
example a dairy product), changes, then the demand for the flavour changes 
accordingly. Furthermore, demand changes can be caused by customers changing 
from one flavour to an other. For products with a seasonal demand the total demand 
may be influenced by the weather, for example ice cream. 
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There are no numbers available on the short term variation in demand. Variations can 
be caused by short term variations in the demand for the products in which they are 
applied. In cases where sales orders are relatively large compared to demand, this mey 
have considerable effects for the demand for flavour ingredients. A small increase in 
demand at the customer, may lead to a purchase order for the flavour ingredient one 
period earlier. When the batch size is large, this results in a large decrease of the 
inventory level for flavour ingredients. Possibly this results in the need to change the 
production plan, because the product has to be produced earlier. 
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4. Planning practice FLI 

4.1 Demand forecast 
Every three months a rolling demand forecast is obtained. The forecast is based on the 
expected sales of the business units. The person responsible for purchasing raw 
materials collects these expected sales figures and forecasts the demand for the 
flavour ingredients. The horizon of the forecast is one year. For each product the 
expected total demand (in kilograms) is given accompanied by a seasonal pattern. 
Normally this pattern is 15 % of demand in the first and fourth quarter and 35 % in the 
second and third quarter. Approximately half of the products does not have a seasonal 
patterns. 

On the basis of the forecast a rough calculation of the required capacity is made. For a 
period of one year the expected utilisation rate of the capacity units and the operators 
is obtained. 

4.2 Quarterly production plan 
The planner of FLI uses the rolling forecast to make a quarterly production plan. On 
the basis of the expected demand during the next quarter and the available inventory it 
is determined whether a production order should be generated for a specific product. 

The amount ordered is generally equal to the maximum batch size or a multiple of the 
maximum batch size. For products with a very low demand sometimes a smaller batch 
size is produced. In general products are produced 4 times per year on a maximum. 
For products with a high demand the number of batches produced each time should 
satisfy the quarterly demand expected. There are some butter flavours with a very high 
demand that are produced approximately every 6 weeks. When these products should 
be produced only 4 times a year this results in long production runs. During these long 
production runs no other butter flavours can be produced, which leads to a loss of 
flexibility. 

The production orders are generated in an automated information system; QILS 
(Quest International Logistics System). The planning logic in QILS is MRP-II. For the 
products that will be produced in the next quarter, independent requirements are 
entered in the system. Normally the due date for the independent requirements is set 
on the last day of the quarter. During the MRP run production orders are generated. 

The planner estimates the starting time of the production order. Therefore the point in 
time at which the inventory will reach the safety stock level is estimated. At this point 
in time a production order should be finished. Generally it is assumed that demand 
will be divided equally over time. After the starting times of the production orders 
have been determined, the MRP production orders are confirmed. The reason that this 
has to be done at the beginning of a quarter is that only for confirmed production 
orders raw materials can be purchased. For many raw materials the purchasing lead 
time is between 3 weeks and 3 months. The raw materials are due at the starting time 
of the production order. After confirmation of the production orders the independent 
requirements are removed from the system again. 

16 



Recently the planner started to calculate a quarterly capacity check on the bottleneck 
units. This capacity check will be used to detennine whether it is necessary to build up 
some seasonal inventory. As mentioned above, approximately half of the products has 
a seasonal pattern. For most of these products the demand during the second and third 
quarter is more than twice the demand during the first and fourth quarter. The seasonal 
influence can therefore be considered substantial. 

4.3 Detailed production plan 
For production scheduling a manual planning board is used. This planning board is 
actually a Gantt chart. Pieces of paper are used to represent the production orders. At 
the beginning of the quarter production capacity is reserved for the production orders 
from the quarterly production plan. The planner would like to have a fixed schedule 
for two months. In reality this can not be realised due to changes in demand and short 
term disturbances. 

In many cases the forecasted demand turns out to be (much) lower or higher than the 
realised sales. Furthermore demand can occur for products for which no demand was 
expected. These can be new products, but also existing products. Because the 
quarterly plan is based on the demand forecast a lot of changes have to be made. 
When for a product a stockout is expected, QILS will give a signal to the planner. If 
possible the production order for that product will start earlier or an extra production 
order will be introduced. If demand is lower than expected production orders can be 
postponed. A signal is generated by the system as well, when a production order is not 
needed. 

Every week a detailed production plan is obtained. This plan is used to prepare 
production. Short term disturbances lead to changes in the week plan. These 
disturbances have to do with delays in supply of raw materials, breakdowns of 
capacity units, illness of operators and variations in quality of the products. When the 
product does not meet specification generally rework is required. 

Frequently the detailed plan can not be realised because of shortage of operator 
capacity. This is sometimes caused by activities that are not included in the planning, 
but for which operator capacity is needed. For example repacking of a product. 
Furthermore, attention should be paid to using realistic man/machine ratios. 

4.4 Inventory 
The business units are responsible for the inventory of both flavour ingredients and 
final products. The inventory levels for the final products are set in co-ordination with 
the sourcing units. Some large customers demand a certain safety stock which is kept 
especially for them. 

A direct delivery system is introduced, which results in closing down local 
warehouses and keeping inventory at a central warehouse. Customers allover Europe 
are supplied directly from this central warehouse. 

For the flavour ingredients the inventory level is set by the planner of the sourcing unit 
FLI. For each product a safety stock is kept. A safety stock is generally used to cope 
with variations in demand. The choice of the safety stock level depends on the 
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demand variation and the production (or purchasing) lead time. The use of safety 
stock is especially suitable when demand is rather stable and only short term 
variations occur. When demand is dynamic, this means that the average demand 
changes in time, safety stock is not very suitable. Furthermore, when demand is 
lumpy, this means that variations in demand from period to period are very large, the 
use of safety stock is also not suitable. Lumpy demand can be caused by a few 
customers ordering large amounts at once, followed by periods with no demand. In 
this cases the safety stock level needs to be very high to realize a high delivery 
performance. The safety stock can be expressed in months of expected demand. This 
is shown in figure 12. The safety stock is on the average equal to 1 to 3 months 
demand. 
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Figure 12: Safety stock expressed in months demand 

The inventory consists of safety stock and cycle stock. Right after a production order 
the cycle stock will generally be at the maximum. Just before a production order is 
finished it will reach it's minimum. The cycle stock of flavour ingredients at the 
beginning of 1996 was calculated and expressed in months demand. The results are 
given in figure 13. It should be noted that at the end of 1995 a lot of effort has been 
put in decreasing inventory levels. 
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Figure 13: Cycle stock expressed in months demand 

The products are produced 4 times per year at the maximum. Products with a low 
demand are produced only once a year. When a product is produced 4 times per year, 
the produced amount will be equal to 3 months expected demand. The average cycle 
stock will then be 1,5 months demand. For products that are produced twice per year 
the average cycle stock is 3 months of demand. In figure 13 we see that a considerable 
number of products has a cycle stock which exceeds the yearly demand. When the 
average cycle stock is compared to the average safety stock, we see that the safety 
stock is only slightly smaller than the cycle stock. 
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5. Problems in the current situation 

5.1 Introduction 
In 1995 FLI had problems in realising the agreed due dates. This led to a delivery 
performance that was not acceptable. Numbers on the service level are not available 
for 1995. During the first two months of 1996 the service level was 95%. This level is 
based on external sales orders. It should be taken into account that demand during the 
first quarter is considerably lower than in the second and third quarter, due to 
seasonality. 

There are three main points of concern in the current situation. First, planning 
becomes difficult because there is no good insight in the available production 
capacity. Second, the planner faces many short term variations which lead to changes 
of the production plan. And third, the communication over the supply chain can be 
improved. These three points will be discussed in more detail in this section. 

5.2 Insight into the available capacity 
For the individual capacity units a good estimate of the available production time can 
be given. By adding the processing times for the expected production volume of the 
individual products an estimate of the utilisation of machine and operator capacity can 
be obtained. This is very useful to provide insight into the expected bottlenecks. 
However, this does not provide a good insight into the production output that can be 
realised. Because of the large amount of different products, the variety in routings and 
the variety in processing times, it is very hard to give a good estimate of the 
production output that can be realised. The situation becomes complex because some 
processing steps have to follow each other immediately. This means that both capacity 
units need to be available at the right time. This also holds for the availability of the 
storage vessels in FLD. 

A further complicating factor is that production is restricted by both machine and 
operator capacity. Generally one operator can serve several capacity units at the same 
time. The operator then has to co-ordinate the activities that have to be carried out at 
the different capacity units. The consequence is that sometimes production of a certain 
product is delayed because the operator was busy elsewhere. 

Insight into the available capacity can be obtained by making a detailed production 
plan. On a detailed plan one can see whether the capacity units and storage vessels are 
available at the right time. Furthermore it can be seen whether sufficient operator 
capacity is available. However, a detailed production plan should only be obtained for 
a short term period. At the medium term detailed planning is of limited value, because 
too many changes in the plan will be needed. Furthermore, when a detailed plan is 
obtained for the medium term this will lead to a loss of flexibility. Because of the high 
demand and production uncertainties flexibility is of great importance to FLI. 

5.3 Variations 
The planner would like to have a fixed production plan with a horizon of two months. 
In practice this cannot be realised. It was mentioned earlier that real demand differs 
considerably from the demand forecast. For some products the demand exceeds the 
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forecast, in other cases the real demand is lower than forecasted. In both situations this 
leads to changes in the quarterly plan. Production orders are shifted forward or 
backwards and additional production orders are planned. Furthermore new products 
are introduced and demand occurs for products for which no demand was forecasted. 

Also at the short term many changes in the production plan have to be made. This is 
caused by delays in supply of raw materials, breakdowns of capacity units, illness of 
operators and variations in quality of the products. Furthermore, rework of products is 
needed and sometimes products need to be repackaged. 

The effect of changes of the production plan will be less when better forecasts can be 
provided. A better communication with the business units concerning additional 
demand or the introduction of new products will lead to an earlier change of the 
production plan. This will probably lead to less delay of production orders. However, 
considering the production and market characteristics, there will remain demand and 
production uncertainty. 

5.4 Communication supply chain 
The communication with the business units was already mentioned above. Demand 
turns out considerably higher or lower than forecasted and demand occurs for products 
which are not included in the forecast. Information on changes in demand and the 
introduction of new products becomes available late for the planner of FLl 

Furthermore the communication with the other sourcing units can be improved. This 
communication concerns the timing of production orders, the packaging and the 
quality of the products. Also the creation of seasonal stock should be co-ordinated 
over the supply chain. 
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6. Opportunities for improvements 

6.1 Introduction 
In this final section recommendations are given concerning the problems in the current 
situation. First, attention will be paid to aggregate capacity planning. When in medium 
term capacity planning groups of products are considered rather than individual 
product this will lead to a better insight in the available capacity and more flexibility 
to respond to changes in demand and production. Then, it will be discussed that 
different planning rules may reflect to different kind of products. Finally, attention 
will be paid to improving co-ordination over the supply chain. 

6.2 Aggregate capacity planning 
In the current situation a quarterly production plan is obtained based on the rolling 
forecast. After this plan has been made it has to be adapted frequently. The planning 
horizon of three months is mainly chosen because of the lead time for raw materials. 

Because of the many changes that lead to short term changes in the production 
schedule it would be more useful to make an aggregate plan on the medium term. 
Considering the production lead time an aggregate plan with a horizon of one month 
would fit better than a quarterly plan. The consequence is that it has to be possible to 
purchase raw materials before confirmed production orders are available. 

The aggregate production plan is based on product groups instead of individual 
products. The products are grouped according to similar routings. Because there are 
many different routings, several products can be placed in more than one group. In 
that case the capacity unit with the highest utilisation rate was deciding the group. 

The following planning procedure is recommended: 
1. Based on the rolling forecast the production batch sizes are determined. For 

products with a high demand only full batches will be produced. For these 
products it has to be determined how many batches will be produced in a 
production order. For products with a low demand smaller batches will be more 
suitable. 

2. The production batch sizes determine with what frequency a product will be 
produced. This information can be used to purchase raw materials. For this see 
also the next paragraph. 

3. Based on the rolling forecast an aggregate capacity and inventory plan can be 
obtained with a planning period of one month. The production capacity will be 
allocated to product groups and not to individual products. Both machine and 
operator capacity have to be included at this planning level. In this aggregate 
capacity plan seasonal influences can be included as well. 

4. For the next planning period the capacity will be allocated to individual products. 
Production orders will be triggered when the inventory reaches a certain level. 
This will be an appropriate method for products with a relatively stable demand 
pattern. Products with lumpy demand can be planned manually. From planning 
period to planning period the amount of capacity allocated to a product group can 
vary. 
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The advantage of aggregate production planning is that it is less complex and 
therefore takes less time. There is no need to put a lot of effort in obtaining a detailed 
production schedule with a horizon of 3 months when it is certain that many changes 
in the schedule will occur. Apart from this the aggregate capacity plan provides more 
flexibility on the short term than a detailed plan. 

The use of product groups instead of individual products provides a better insight into 
the available capacity. The capacity is allocated to groups, which makes trade offs 
more visible. Extra production capacity for a group results in less production capacity 
available for other groups. When individual products are considered extra production 
capacity for one product can have an impact on the available production capacity for 
many other products. In that case the trade off is less clear. 

6.3 Differentiating planning for different products 
In section 2 it has been stated that there is a large variety of products. The products 
differ in raw material and production cost. demand. and routing. In the current 
situation no distinction is made between the products for planning purpose. We argue 
that differentiating planning rules for different types of products will lead to lower 
cost. 

A distinction can be made based upon the raw material cost. For products with low 
raw material costs it may be useful to keep some inventory of the raw material instead 
of purchasing raw material after a production order is confmned. This will prevent for 
delays in production caused by delays in the material supply. This is especially 
important for those products that use bottleneck capacity units. An other important 
advantage of keeping some raw materials in stock is that FLI can respond more 
quickly on demand fluctuations. This will lead to lower safety stock of the 
intermediate products. In this way the creation of raw material inventories will 
decrease flavour ingredient inventories. Because the raw materials have lower prices 
than the ingredients, this will probably result in lower inventory cost. For products 
with low raw material cost and high production cost. the possible cost reduction will 
be highest. For determining which materials should be kept in stock, also the 
purchasing lead time and the difficulties in purchasing the materials needs to be 
considered. 

A distinction between high volume and low volume products is already used for 
planning purposes. The demand volume and the batch size determine how many times 
per year a production order is generated for each product. A production frequency of 4 
times per year is generally used as a maximum. An exception is made for some butter 
flavours. A calculation has been made on total cost per product when producing I to 6 
times per year. The total cost is obtained by summing inventory cost and production 
cost. Because the processing time generally is not affected by the batch size. the 
production cost is considered a fixed value per batch. The same production capacity 
(man and machine) is needed to produce half a batch then to produce a full batch. The 
costs for cleaning have not been considered separately. This means that no cost 
savings from shorter cleaning times are considered when several batches of the same 
product are produced sequentially. The total cost show that for most products, low or 
high price, every production order should consist of one full batch. An exception is 
made for products with a very low demand. For these products less than one full batch 
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should be produced, due to the limited shelf life. The production frequency then is 
equal to the demand volume of the product divided by the batch size. The result is that 
the total cost of production and inventory can be decreased when for products with 
high volume demand the production frequency would be increased. An increased 
production frequency will lead to smaller amounts per production order. It should be 
noted that when cleaning time reductions are considerable when producing several 
batches of the same product sequentially, this needs to be taken into account. It may 
be possible that the reduction in cleaning cost outweighs the increase in inventory cost 
when several batches are produced in one production order. In that case the production 
frequency should be decreased. 

For approximately half of the products there are seasonal patterns in demand. 
Generally 15 % of demand is generated in the flrst and fourth quarter, 35 % of 
demand is generated in the second and third quarter. For equipment units with a high 
utilisation there may occur a shortage on production capacity during the second and 
third quarter. In that case it will be useful to create some capacity stock during the flrst 
quarter. For some products the inventory level will be increased, to accomplish that 
less production capacity will be needed during summer. The products for which 
capacity stock is created do not necessarily have to be products with seasonal demand. 
Products should be chosen which result in a minimal increase in inventory cost for a 
certain amount of capacity stock. 

For example, capacity shortage is expected for an extraction vessel. It is decided that 
in the flrst quarter for approximately 100 hours of capacity inventory is created. In that 
time a batch of 100 kg of a product with a cost price of 10 Guilders per kg can be 
produced. Also, a batch of 150 kg of a product which costs 8 Guilders per kg can be 
produced. The flrst possibility generates less increase in inventory cost than the 
second possibility. 

6.4 Improving co-ordination over the supply chain 
The products produced by FLI are intermediates for the sourcing units Non Alcoholic 
Beverages (FLP) and Sweet (FLE). The business units provide the link with the 
external market for flavours. These business units are also responsible for the 
inventory of flavours and flavour ingredients. In determining the safety stock both 
production and market characteristics should be taken into account. For example, in 
choosing the safety stock the uncertainty of the production output should be included. 
Therefore, a good co-ordination between the sourcing and business units is necessary. 

Also co-ordination is useful concerning the creation of capacity stock for seasonal 
demand. When the inventory of flavours is increased before the summer, this williead 
to an earlier demand for the flavour ingredients. An other aspect is that possibly 
capacity stock is held at several points in the supply chain. Without co-ordination this 
may lead to overcompensation and high inventory costs. 

Furthermore. communication between the sourcing units FLI and FLE will in some 
cases prevent FLI to rework a batch, which is not according to speciflcations. In some 
cases it is easier for the sourcing unit FLE to do the rework or to make some 
adaptations to the recipe. Also the packaging of the flavour ingredients should be co
ordinated. 
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With the business units the introduction of new products should be co-ordinated. The 
sourcing unit FLI should be informed over the introduction in an early stage, when 
new flavour ingredients are needed. This will be advantageous to both sourcing and 
business units. FLI can make a capacity reservation for the new product, which will 
probably lead to less short term changes in the production planning. For the business 
unit this will make a quick introduction of a product possible. 
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