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1 Introduction 
This thesis presents the findings of my graduation project executed at Tennant N.V. (hereafter 

Tennant). Similar to other manufacturing companies an efficient Sales & Operations Planning 

process is vital to maintain a competitive edge. Customers expect short lead-times for tailor-made 

and increasingly complex products. In order to meet customer expectations companies need to 

maintain inventories for finished goods, but also for corresponding raw materials, sub-assemblies 

and externally procured items. In most manufacturing companies 40-50% of total revenue is based 

on materials and therefore efficient inventory management can have a great positive impact on 

company performance (Muzumdar, 2006). There exists a constant trade-off between delivery 

performance and inventory holding costs but when managed properly it is possible to decrease 

inventory levels whilst maintaining or even improving delivery performance towards customers. This 

thesis will analyze the current sales forecasting performance and looks for ways to improve 

forecasting accuracy. Subsequently, the production planning process is analyzed to reveal current 

performance issues. By gaining additional insights in performance and financial consequences it is 

possible to manage the production planning in an efficient and effective way. 

1.1 The research objective 

A collaboration between Tennant N.V. and the Eindhoven University of technology was established 

in order to complete this master thesis and the goal of this research was therefore twofold. The 

thesis needed to contribute to scientific literature with respect to demand forecasting and production 

planning so that the thesis is academically relevant. A literature review was conducted to gain 

knowledge about current research and to identify possible gaps in the literature. Tennant on the 

other hand hopes to obtain practical knowledge about their S&OP process. Finally this thesis aims 

to develop a model to support decision-making and to optimize the S&OP process.  

“S&OP is the set of business processes and technologies that enable an enterprise to 

respond effectively to demand and supply variability with insight into the optimal market 

deployment and most profitable supply chain mix. S&OP strategies help companies make 

“right timed” planning decisions for the best combination of products, customers and 

market to serve (Wallace, 2006).” 

A significant part of this problem is linked to the sales forecast since the production planning is 

based entirely upon this forecast. When the forecast accuracy can be improved this will directly 

result in a better overall performance of the entire S&OP process. Another research area will try to 

increase performance by executing an in-depth analysis of all subsequent S&OP processes to 

identify bottlenecks and possible improvements. Standardizing the entire process and creating well-

defined rules will help to increase transparency and collaboration between different business 

functions within this interdepartmental process. Also managers hope to gain additional insights in 

order to monitor performance more precisely and reach long-term managerial goals more effectively. 

1.2 Methodology 

An illustration of the problem solving process is given by the regulative cycle of (van Strien, 1975) 

and is depicted by Figure 1. The regulative cycle contains five steps and starts with a project 
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definition. Firstly, both  qualitative as well as quantitative analyses are performed on the current 

S&OP process. This is done to identify the most relevant area of research. Subsequently a research 

proposal will be formulated. In this section the main research question and accompanying sub-

questions are formulated. Furthermore the scope of the research is defined and practical 

requirements and deliverables are established. 

 

 

               

Figure 1 Regulative cycle (left) (van Strien, 1975) & Research model (right) (Mitroff et. al 1973) 

Both models provide a methodological approach to answer research question(s). With empirical 

research it is always a challenge to create a fit between observations in reality and the model 

developed for that reality (van Aken, 2007). In this way it helps to better combine the rigor versus 

relevance paradigm which is often hard to establish within operations research. Within management 

sciences both academic rigor and practical relevance need to be taken into account (van Aken, 2007). 

The results of this research therefore must be validated, understandable and applicable in practice. 

1.3 Tennant N.V. 

Tennant Company was established in 1870 by George H. Tennant. It began as a one-man 

woodworking business and grew towards a successful company for wooden floors and other 

wooden products. Eventually the company evolved towards a manufacturer of floor cleaning 

equipment. Throughout the history of the company Tennant has remained focused on advancing 

industry standards by pursuing new technologies and by creating a culture that celebrates innovation. 

They engineered the first vacuum-equipped power sweeper in 1947. More current innovations came 

in the form of FaST® Foam Scrubbing Technology in 2002 to provide clean and dry floors within 

minutes to reduce room or hallway closure times. The most recent innovations date from 2008 with 

the ec-H2O™ technology and 2012 Orbio® 500-Sc which both aim to reduce and even completely 

eliminate the use of chemicals during cleaning. These innovations are directly in line with the 

company’s vision to lead the global industry in sustainable cleaning innovation that empowers 

customers to create a cleaner, safer and healthier world. In 2013 Tennant reached net sales of $752M 

by selling products under five different brand names. Currently Tennant has manufacturing 
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locations in the USA, the Netherlands, Brazil and China, and sells products directly in 15 countries 

and through distributors in more than 80 countries harboring a total of 2800+ employees. In 2020 

they aim to become a billion dollar company. 

2 Project selection 
As stated by the regulative cycle of (van Strien, 1975) research needs to start with a project 

definition. This chapter covers the problems in the current situation and states the aim of the 

project. A wide array of different functions within the S&OP process are analyzed both qualitatively 

and quantitatively to identify and select the most effective area of research.  

2.1 Qualitative analysis of current sales forecasts 

Logically the S&OP process starts with generating a sales forecast. Currently a demand planner at 

the EMEA (Europe, Middle-East and Africa) headquarters starts by creating a sales forecast per end 

product per country. This forecast is produced by ForecastPRO software and is based solely on 

historical data. Certain big orders that are non-recurring are seen as outliers and are manually deleted 

so that these orders will not influence future forecasts. Strict rules on outlier deletion are currently 

lacking and big orders are deleted based on personal experience of the demand planner. Moreover, 

specific forecasting settings per product group are used within the software but these settings have 

not been updated for years and are likely outdated. The current demand planner does not possess 

the knowledge to correctly adjust these settings. 

 

Figure 2 Current Sales Forecasting Process 
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 Next, the output which is expressed in product units is translated into monetary value. This value is 

then compared with the quarterly and yearly sales goals which sales departments set for themselves 

at the beginning of each year. The finance department is involved in this goal setting process. The 

difference between the short-term statistical forecast and the long-term sales goals is called the gap. 

The demand planner then sends the forecast to the sales departments so they can analyze the 

reasons for this gap and think of possible solutions to fill the gap. In some cases this gap can be 

filled by selling second-hand machines or aftermarket sales which are both not included in the 

statistical forecast. Another way for sales teams to close the gap is to adjust the statistical forecast 

based on current deals which they have closed already or deals with a high probability on closing in 

the near future. For example the Dutch sales department maintains a file in which order 

specifications, quantities, probabilities and deadline dates are recorded. An in-house software tool to 

estimate the expected demand from ongoing deals was developed for this purpose but the tool was 

not reliable and is not used by all sales departments. For these reasons this tool is currently being 

phased out.  

Towards the end of each period sales representatives experience added pressure since they need to 

reach their long-term goals. In some cases, this added pressure leads to increased risk-taking 

behavior by sales teams. To fill the gap between their goals and the statistical forecast they might 

increase units for production based on ongoing deals with a low probability of closing whereas they 

would only scale up the forecast when deals have very high closing probabilities in earlier periods. In 

this way they ensure product availability when a customer order is finalized. This is important since 

an order only contributes to reaching their goals after the order is delivered at the customer. The 

drawback of this more aggressive strategy for the sales teams is that finished products remain in 

stock when deals are not closed. Another effect is that sales teams actively ramp up production even 

though there is no change in customer demand. Due to inertia in the supply chain, called the 

bullwhip effect, such disruptions can show negative effects for months thereafter (Chen, 2000). 

When sales departments are finished analyzing the sales forecast they then send the updated 

forecasts back to the demand planner who verifies changes and consolidates the data of all different 

sales departments. This consolidated forecast is then sent to the finance department where the 

finance director and EMEA vice-president need to sign off and approve the consolidated forecast. 

Approval is possible when there still exists a gap between the projected sales and the sales target. 

However, throughout the year sales targets remain unchanged even when actual sales show a gap 

which cannot be bridged. These goals are static because bonuses for sales teams depend on these 

numbers.  

When the consolidated forecast is approved by management the consolidated forecast is changed 

back from monetary values to production units. For the EMEA region each product only has one 

manufacturing location so decisions concerning demand distribution across manufacturing plants 

are not necessary.  

A forecast per production plant is then received by a Master Production Scheduler. For this report 

only the manufacturing location in Uden, the Netherlands was analyzed. This plant produces almost 
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all products for the EMEA region. Only certain outdoor solutions like the Green Machines product 

line are produced in the UK. The production scheduler at this location keeps a separate historical 

dataset on actual sales.  

Since the consolidated forecast is inaccurate in the opinion of the Master Production Scheduler an 

own forecast is made on which the procurement of materials as well as the production plan are 

going to be based. This is done by simply taking the monthly average of the past four years. Outliers 

in the form of unusually big orders from strategic accounts are removed. When gaps are small no 

action is taken but when a significant gap between the two forecasts exists the Master Production 

Scheduler will contact the demand planner to discuss the reason of this gap and determine which 

forecast will be more appropriate. As a rule, currently no more than 120% of the consolidated sales 

forecast may be produced. The new gaps that arose are not communicated towards the sales and 

finance departments.  

2.2 Qualitative analysis of current production planning 

When the production planner is confident with the sales forecast which is based mostly on her own 

method, a Master Production Schedule for the month is generated by using spreadsheets.  

The production facility in Uden produces two main types of products; commercial and industrial 

machines. Five types of commercial machines with limited configuration options and nine types of 

industrial machines with highly customized configurations. An overview of the current product 

portfolio and the number of configuration options can be found in appendix A. A clear distinction 

between both machine types is made in the production process. Commercial machines show a 

hybrid strategy where machines certain common configurations are built to stock while other 

configurations are built to order. Tennant maintains a lead-time of only one day for commercial 

machines before an order gets shipped. In order to be able to meet such swift deliveries Tennant 

needs to produce certain machines in advance. When machines are only being produced once a 

specific order arrives at the factory they will not be able to deliver the product on time. The limited 

configuration options make it possible to build machines before an actual order is received. Typical 

customers are commercial cleaning companies that need to be able to acquire products quickly in 

order to start on a new project. 

Due to extensive configuration options, industrial machines are built to order. Prices for these 

machines are significantly higher than commercial machines and are custom-built to fulfill all 

customer needs. Prior to a customer order there usually is a configuration phase in which Tennant 

sales representatives discuss different possibilities and solutions with the customer. In some cases 

even a demo machine is built and shipped so the customer can experience the product prior to the 

actual sale. Therefore final orders are less impulsive in nature and clients typically allow a lead-time 

of two weeks after they have placed their final order.  

Even though industrial machines are built to order still an effort is made by production to assemble 

certain components in advance. For example, the engineering department and production workers 

collaborate to see which common components can be produced in advance when workers don’t 

have specific orders to work on. In collaboration with the sales department currently the possibilities 
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to allow a small safety stock for some common industrial machines are explored. Last summer 

Tennant released a new machine which allows for modular assembly for the first time. This feature 

enables the factory to assemble all common components prior to when a customer order is received. 

When a sales order is received all configuration options can be incorporated in the last phase of 

assembly.  

For the production planning two different forecasts are being used. The demand planner updates a 

forecast for the next nine months every quarter. This forecast is generated by simply taking the 

monthly averages per product for the last four years. This planning is used for procurement of 

materials from outside suppliers as well as in-house parts manufacturing. Lead-times for many 

materials can be up to six weeks so material purchasers need to rely on the long-term forecasts in 

order for materials to arrive at the factory in time. Recently the way materials are handled within 

Tennant was changed. In the past, many materials had fixed re-order points and fixed order 

quantities. Therefore procurement of such materials was not affected by the sales forecast in any 

way. Currently about 95% of materials are changed in SAP so that materials now depend on the 

sales projections. The Materials Requirement Planning (MRP) module in SAP is updated with 

parameters such as lead-times, minimum order quantities, and safety-stock levels. It will order 

materials automatically by using sales projections with an added safety stock level. 

Also, only product groups are forecasted and configuration options that are available within this 

group are still unknown. Logically, different materials are needed for different product 

configurations. To deal with this, products are built up by using multiple production kits that 

contain a set of materials. The frequencies on how often certain kits are used to build a product are 

recorded and production kits are ordered with the use of these frequencies. 

It is due to long lead-times while ordering materials that a long-term forecast is needed. The actual 

production plan is generated at the beginning of each month and for this planning the sales forecast 

for the upcoming month is used. This is done by simply dividing the forecasted demand evenly over 

the month. This is done because it is desired to spread units of production evenly over the month. 

Furthermore this schedule is generated without checking feasibility due to current backlogs and 

inventory levels. This resource check is lacking even though materials that were ordered using the 

long-term projected quantities differ from the quantities needed for the updated sales forecast. Also, 

delayed or erroneous shipments and in-house production errors may result in material unavailability.  

While creating a production plan the capacity of the plant is taken into account. The production 

capacity is based on the number of hours that are available to assemble a certain product. A table 

with standard hours needed for assembly of all different end products is used for this. Moreover, for 

every plant an Annual Operation Planning (AOP) is prepared which depicts the hours of labor 

available for production per day. The amount of labor that is available is different for every month. 

This is done to ensure sufficient personnel on an aggregate level to meet long-term goals. 

The Master Production Scheduler stated that no structural problems are present in the current 

production schedule. The production capacity is capable to deal with so called “big deals” which are 

placed sporadically by strategic accounts. One strategic account from Austria is especially important 
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since this entity accounts for up to 40% of total production. It is for this reason that sometimes 

when big orders are placed this can lead to infeasible production plans. The Master Production 

Scheduler wishes to know about upcoming orders sooner in the future so they can spread out the 

production of such a big order over a longer time period. Some big deals which are known by sales 

representatives months in advance are only presented to production a few weeks prior to the final 

order which leaves limited time available to produce the entire order. 

Besides a Master Production Schedule with a monthly horizon the month is split up in periods of 

three working days. These small periods concern the shop-floor planning where the operational 

activities are managed in small detail. Here specific product configurations are also taken into 

account for the first time. In essence, product groups are used in the sales forecast. For example, for 

a certain month a forecast of 250 T3-models is given but configuration options within this T3 model 

are not forecasted. For this model multiple options concerning batteries, chargers, and cleaning disk 

sizes are available (Appendix A). This information is also needed before a final product gets 

assembled. Hence, shop-floor planning is regulated by actual orders instead of sales forecasts. 

The main reason for changes in the production plan during the month arise from differences 

between sales forecasts and actual orders. Other reasons for changes in the planning can be the 

unavailability of materials or labor but it should be noted that such occurrences are far less likely. 

Table 1 illustrates that differences between planned production and actual production are quite 

severe. On average the actual production turns out lower than the planned production. 

 T2 T3 T5 5680 T7 T12 T16 6100 6200 S20 T17 8300 

June 14’ 75% 139% 132% 188% 103% 90% 93% 32% 56% 83% 95% 83% 

July 14’ 85% 112% 145% 443% 145% 88% 126% 110% 110% 55% 33% 91% 

Average 86% 96% 90% 97% 89% 85% 88% 89% 86% 87% 88% 94% 
Table 1 Actual production percentages compared to planned production 

For commercial machines these changes in the market situation pose little problems. Due to 

relatively high demand and low configuration options, assembly of these products is rarely disrupted 

and gaps between the forecast and actual demand can be handled properly. Industrial machines are 

however troublesome since demand is relatively low and configuration options and assembly time 

are extensive. Just as with commercial machines components and labor resources are planned weeks 

ahead of final assembly. Factory workers can only assemble a certain final product and many hours 

of labor are reserved to produce a single unit. However, due to extensive configuration options an 

actual order is critical in order to start final assembly. Therefore assembly disruptions occur more 

frequently with industrial machines compared to commercial machines.  

Currently a lot of doubt on what actions to take exists when such a situation occurs. This doubt 

arises from a lack of understanding on the consequences of certain actions. For example, the 

production planner does not know whether to cancel a production slot entirely or to reschedule the 

slot until an order arrives. When too many production slots are postponed to a later time this might 

intervene with resources that are reserved for the regular production plan. When too many slots are 

cancelled there is a risk that the factory is unable to fulfill all customer demand. Due to long 
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assembly times and limited labor resources the factory is unable to produce large quantities of 

industrial machines in a short period of time. Therefore when many orders are forecasted for a 

certain month and production slots are lost because customer orders are lacking the requested 

monthly output can no longer be reached. 

2.3 Flexibility in the supply chain 

Manufacturing flexibilities help to manage environmental uncertainty. These uncertainties can arise 

internally when they are process-related or externally when they are market-related. Examples of 

internal uncertainties are machine downtime, material characteristics, departmental coordination and 

resource acquisition. Market-related uncertainties arise in the form of competitors, consumers, 

technology, market and demand, customization, society and short delivery times (Mishra, 2014).  

To manage these uncertainties, different kinds of flexibilities can be implemented by a 

manufacturing location. Now a brief summary of some of the most important flexibilities is given. 

Machine flexibility depicts the ability to perform various types of operations without requiring a 

prohibitive effort in switching from one operation to another. A good example is a mixed-model 

assembly line where different products are assembled in random order without disrupting the 

production in any way. A project to explore the possibilities of such a mixed-model assembly line is 

currently active within Tennant. The current factory layout is graphically represented by Figure 3. 

Parts manufacturing produces components for the entire product portfolio while final products have 

a specialized assembly station.  

 

 

Figure 3 Factory Uden 

The allowed lead-times by customers is in all probability the most important driver for flexibility 

within Tennant. Since a lead-time of one day for commercial machines and two weeks for complex 

and labor-intensive industrial machines is used this aspect of the supply chain is rather inflexible. 

Naturally when lead-times are longer this leaves the production planner more time to procure 

materials and plan the final assembly. For example, when resources are scarce a company can 

prioritize certain customer orders while other orders with a long lead-time are put on hold until 

resources are available. Of course, this would not be a possibility when all customers request a short 

lead-time. 
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Material flexibility describes the ability to move different components efficiently for proper 

positioning and processing through manufacturing facilities. An example of material inflexibility are 

perishable materials where timely positioning is crucial. Good examples of flexible materials are 

materials where postponement or modular production can be applied. By creating a final product 

that consists of multiple modules that can be easily linked together this leads to increased flexibility. 

In this way all separate components can be produced in advance which will take up the majority of 

the production time. The final assembly where a product is finalized to meet specific customer 

requirements can be easily finished (Ptak, 2011). Dell computers made modular production a well-

known concept. Zara Clothing applies postponement to most of his products by working solely with 

white base-materials which can then be colored late in the production process so that the latest 

fashion trends can be applied. Currently some efforts are made concerning modular building within 

Tennant. Certain components can be produced in advance to save time during the assembly phase. 

However, most configuration options need be taken into account from the very start of production 

and in general materials are also not interchangeable between end products. Therefore materials are 

currently rather inflexible within Tennant. Finally, most production stations are working one shift 

per day which means that current utilization rates in the factory are flexible since output can be 

increased by adding more shifts. Only the Rotomould section where all plastic machine casings are 

produced is currently working 2-3 shifts per day so output at this station is inflexible. 

2.4 Quantitative analysis of current sales forecasting 

As described in the previous section a forecast undergoes many transformations during the process 

before it is finalized. These changes arise either due to the translations from units to Euro’s and vice 

versa, or due to manual adjustments which are made by various involved departments. However, the 

impact of these changes on the forecasting accuracy are currently unknown. Therefore a 

performance analysis on all different versions of the forecast is executed in this section.  

Currently ForecastPRO software is used to generate the statistical forecast. However, this software 

is not updated since 2006 and is only installed on one computer within Tennant. Due to license 

restrictions the software could not be installed on another computer and therefore SPSS software is 

used in this research to perform additional analyses to gain extra insights concerning sales 

department aggregation and automated outlier detection. Time-series modelling software is widely 

available nowadays and usually the same statistical models are applied so software performance is 

expected to be equal. In both ForecastPRO and SPSS the software is set to automatically select the 

best fitting model out of a list of proposed models. 

Multiple different performance measures were used to determine which forecast is currently 

performing best. All forecasts from 2012-2014 were analyzed month by month. Performance 

measures are either using monthly averages or totals and vertical axes depict actual sales in all 

figures. A description of all different legend entries can be found in Table 2. 

Legend entry Description 

Stat. Fcst. Statistical forecast generated by ForecastPRO 

SOP Adjusted forecast by sales departments 
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MPS Adjusted forecast by Master Production Scheduler 

SPSS Statistical forecast generated by SPSS (no outlier 

deletion, no aggregated sales departments) 
Table 2 Graph legend 

The first statistic that is used to evaluate the performance of the different forecasts is the average 

accuracy. Even though average accuracies can give you a good idea about the performance it should 

be noted that this might not be the best performance indicator. For example, if a forecast depicts 

50% of actual demand in month 1 and 150% of actual demand in month 2 this gives an average 

accuracy of 100%. However, such a forecast will be worthless for a company.  

 

Figure 4 Forecast accuracies 

Figure 4 shows that ForecastPRO and SPSS generate roughly the same forecasts when we look at 

average accuracies. For most machines SPSS shows a slightly higher forecast, probably due to the 

fact that no outlier deletion is occurring while this happens occasionally with data entries in the 

statistical forecast. Besides the statistical forecasts the sales departments and the production 

scheduler can adjust the forecast. It is clearly visible that both parties increase the forecasted 

amount. This is done from a safety point of view since no party involved wants to incur an out-of-

stock situation. Sales departments also include current ongoing deals which they are about to close. 

However, similar deals from the past are already included in the statistical forecast. Hence the 

adjustments by the sales departments and the production scheduler lead to an over-estimation of 

demand. 

It should be noted that the statistical forecasts of the model 5680 seems to be structurally too high. 

Probably due to one or more outliers in the historical data. This is also the only machine that gets 

adjusted downwards by the sales departments and the production scheduler. 

With automatic outlier detection turned on in SPSS, forecasts are not improved. Especially outlier 

detection within single sales departments have great impact on the forecasts. For most machines 

demand is very lumpy which results in very high amounts of automatically detected outliers. 

Deleting all these outliers produces unstable and less accurate forecasts compared to manually 

deleted outliers by the demand planner.  
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When we look at another statistic called the mean absolute percentage error (MAPE), values as close 

as possible to zero are desirable. Firstly, a positive correlation between performance and total sales 

can be noted. Hence, performance is higher when total number of sales for a particular product are 

higher. For both commercial and industrial machines there exist little differences between the 

statistical forecast and the SPSS forecasts. It should be noted that the MAPE statistic is very 

sensitive and becomes unreliable when demand is very low which is the case for industrial machines 

and therefore industrial machines are not included in Figure 5. This is due to the fact that the 

denominator in the MAPE statistic only depicts actual sales. 

 
 

Figure 5 MAPE commercial machines 

A statistic called mean absolute deviation (MAD) is therefore more appropriate for products that 

experience low demand. Again a value as close as possible to zero is desirable. An overview of MAD 

statistics for industrial machines can be found in Figure 6. This statistic is however not suitable to 

compare performance between products since this statistic is absolute rather than relative. Now an 

example is given to illustrate the sensitivity compared to the MAPE statistic. For the model-6100 the 

statistical forecast shows a MAPE value of 67% and the Master Production Scheduler shows an 

average MAPE value of 109%. This would suggest that the statistical forecast is performing much 

better than the forecast made by the Master Production Scheduler. However, they show MAD 

values of 2.94 and 3.17 respectively so deviation in absolute values is almost identical and thus, they 

show equal performance. This difference becomes apparent in months when demand for the model-

6100 is only one unit. In these month an over-estimation of only a few units in the MAD statistic 

can appear as an over-estimation of 400% in the MAPE statistic. For this reason, the MAD statistic 

is more appropriate when demand is low.  
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Figure 6 MAD industrial machines 

Besides all different statistics described earlier in this chapter, improvements might be possible by 

preparing the data in a different way. Literature suggests that aggregation in the form of product 

groups can lead to more accurate forecasts with decreased variance and improved seasonality and 

trends (Maaß, 2014). Theory suggests that products within a certain product group often experience 

negative covariance. For example, when a car manufacturer sells an unusually high amount of red 

cars of a certain model this will most likely result in a decline in sales for blue cars of that model.  

Currently, Tennant makes use of such product groups. For example a forecast is made for the model 

T3 in general while there are still different configuration options within the T3 model regarding 

engines, batteries and cleaning disk sizes. Moreover, it is currently not possible to distinguish 

individual SKU’s within sales data. Subsequently, it is not possible to produce forecasts per SKU and 

the performance increase by using product groups cannot be demonstrated. However, forecasts are 

currently produced for each sales department individually since they need to compare their progress 

towards sales goals. Instead, sales data could be consolidated first after which a single forecast 

predict sales for all departments combined. By only making one consolidated forecast instead of 

separate forecasts for each sales department time could be saved. Additionally, if sales between 

departments are negatively correlated the forecast accuracy will improve as well. 

Another possible improvement to the data might be the deletion of outliers. Both data aggregation 

and outlier deletion are tested to see if improvements are possible. 
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Figure 7 Sales department aggregation and automated outlier deletion using the MAD statistic 

Currently forecasts are generated for all national sales departments individually which can be 

regarded as different market segments. As can be seen in the SPSS output comparison in Figure 7, 

aggregation of sales departments and automated outlier deletion do not result in improved 

performance. Here SUM depicts individually forecasted values that are then summated afterwards. 

AGGR depicts sales data that is aggregated first and then only one forecast is generated for all sales 

departments together. “NO” and “YES” states whether outlier deletion is used or not.  

Automatic outlier deletion did not result in better forecasts which shows that human interpretation 

is necessary to point out outliers. Some unusually big orders are currently manually deleted from the 

historical data but rules for such decisions are lacking. The quantitative analysis shows that outlier 

deletion can have a great impact on the forecasting performance. Therefore rules on outlier deletion 

to maximize performance need to be created. 

The fact that no improvements are possible by aggregating sales departments suggests that the 

different sales departments are operating independently and therefore no covariance exists between 

them. For example when sales are high in the Netherlands when sales are high in Italy there exists 

positive covariance. When sales are low in the Netherlands when they are high in Italy this would 

result in a negative covariance. When strong negative covariance would have been present between 

the sales departments a reduction in total variance could have been realized. Sales data between sales 

departments was tested and no significant covariance and correlation could be found. Thus, sales 

departments indeed operate independently from each other.    

Other performance measures that were used are over-forecasting and under-forecasting figures. The 

MAPE statistic uses absolute values and thus makes no distinction between over-forecasting and 

under-forecasting. However, such a distinction is desirable since over-forecasting and under-

forecasting have different consequences for most companies. As expected, over-forecasting happens 

most at the Master Production Scheduler and the sales departments. Subsequently under-forecasting 

happens least often for these forecasts. Since this set of statistics did not provide additional insights 

graphs are not included. 
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Furthermore there exists a significant gap between the historical data which should depict the actual 

sales of Tennant and the units produced within Tennant while inventory levels of end products 

remain equal. An illustration is given by Figure 8. The Master Production Scheduler plans much 

more units for production than are needed to satisfy demand. Subsequently actual production turns 

out lower than planned production on average but still more units are produced than are needed for 

actual sales.  

This suggests that not all sales are included in the historical data. Small discrepancies between actual 

sales and production from month to month can arise in many ways. Examples are orders in transit, 

customer returns, or delayed data entry in SAP. However, when aggregated yearly data is analyzed 

differences between actual sales and units produced should be negligible which is not the case. 

Historical sales data is in essence the foundation of the entire S&OP process and therefore it is of 

paramount importance that sales data is accurate. There should not exist a gap between actual sales 

and actual production on the long run and the cause for this data discrepancy should be figured out. 

 

 

Figure 8 Differences production and sales 

Although the above performance measures give us a good idea on forecasting performance it is still 

unknown which forecast is best. This is due to the fact that under-forecasting is usually much more 

expensive than over-forecasting for a company. Too much stock only leads to the loss of liquidity 

and storage space whereas under-forecasting may lead to added costs for rushed air-freight, overtime 

and ultimately loss of customers. It is for these reasons that sales departments and the production 

scheduler increase the forecast. Further insights in costing need to be created to determine what type 

of forecast performs best for Tennant.  
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3 Project definition 
In this chapter a specific problem formulation will be given. This formulation will include a research 

question with corresponding sub-questions, a defined scope, and practical requirements and 

deliverables. The project definition also is the first step of the regulative cycle which will function as 

a research design throughout this report. 

3.1 Problem formulation and scope 

As described in the previous chapter the current state of the Sales & Operations Planning process 

within Tennant is not managed in a structured way. Even though there exists a defined process 

which meets some of the basic properties of a general S&OP process, it is unknown what the 

current performance is. Also management decisions that need to be made throughout the process 

lack structure. Therefore Tennant is unable to make correct management decisions that are needed 

to optimize the process. This section will define which possibilities for improvement will be 

explored based on the analysis of the current situation and literature.  

3.1.1 Process optimization 

Before specific components of the S&OP process can be optimized certain basic features need to be 

in place. Literature states that coordination between departments is critical for an efficient S&OP 

process. Tennant acknowledged this by requiring management approval from different business 

functions throughout the process. However, plans significantly change after management has signed 

off on them making certain steps within the process irrelevant even though they are time-

consuming. Also goals of different business functions are not aligned. For example, the sales 

forecast is influenced by financial goals of the sales departments so that they obtain a bonus. Cost of 

production is not factored into this decision even though this will have a great impact on the 

company’s profitability. Therefore new goals and KPI’s need to be developed that will be beneficial 

to the company as a whole instead of optimizing all departments individually. Moreover, Figure 8 

suggests that data within the company is tracked incorrectly. To ensure efficient collaboration and to 

support management decisions, data within the company needs to be accurate and freely available. 

Only when synergy between all departments is created and accurate data on KPI’s is available we can 

move forward to optimizing specific components of the S&OP process. 

3.1.2 Sales forecasting 

When we look at the forecasting analysis in paragraph 2.4 no product shows unordinary behavior. A 

clear difference between commercial and industrial machines exists and both product groups show 

potential to improve performance. The software used for the statistical forecast is outdated and the 

demand planner does not possess knowledge on statistics. Also multiple departments are involved 

and even though efforts are made to align business goals there exists no consensus on the final sales 

forecast.  

Since demand for commercial machines is much higher than for industrial machines they have a 

more reliable demand distribution. Therefore this product group shows the most potential to 

improve by creating more accurate forecasts. Industrial machines on the other hand experience very 

low and lumpy demand patterns and accurate sales forecasts will remain very difficult to produce. 
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Even though this research will not focus on improving forecasting accuracy, guidelines will be given 

for KPI’s, software, outlier deletion, data aggregation, and what statistical models are most suitable. 

A statistical model that accurately depicts demand for each product is also necessary to maintain 

predefined service levels in the planning phase by the use of safety stock levels. New product 

releases and end-of-life products require a completely different approach due to the fact that in these 

situations demand is strongly increasing or decreasing and therefore cannot rely on a stable demand 

distribution. Because of these strongly varying characteristics both situations are not included in this 

paper. 

3.1.3 Planning 

When an as accurate as possible sales forecast is created to minimize unexpected events during the 

operational phase of the process, a monthly production plan is made. Preferably this plan distributes 

resources over time as evenly as possible. The first decision that needs to be made in the planning 

phase is whether to use a BTO or BTS strategy. This research will analyze the entire product 

portfolio and determine what strategy is best. By providing a model, Tennant will also be able to 

choose appropriate strategies for its entire product portfolio in the future. 

Once a planning is made it is inevitable that certain inaccuracies from the sales forecast become 

apparent during the operational phase. Changes to the production planning need to be made 

subsequently.  

Build to stock machines are currently lacking well-defined safety stock levels. When such high-

quality safety levels are in place this will lead to higher customer service-levels, lower costs, and a flat 

production schedule.  Build to order machines require a completely different approach. Raw 

materials and labor requirements are planned well in advance and therefore they cannot be managed 

during the operational phase. Moreover they require a customer order by definition before 

production can start. When a planned production slot with reserved resources does not receive a 

customer order in time a management decision needs to be made on whether to postpone this 

production slot or to eliminate it entirely. This decision is influenced by long-term financial goals 

and short(er)-term demand forecasts. When sales are falling behind the financial goals the 

production slots need to be postponed rather than eliminated in order to be able to still reach these 

long-term financial goals. Of course, other factors such as availability of resources and short-term 

demand forecasts will influence the decision on whether to postpone or eliminate the planned 

production slot as well.  

This research will provide a framework to establish optimal safety-stock levels as well as a model to 

support management decisions on whether to postpone or cancel production slots. By creating a 

structured process with well-defined management guidelines the production planning becomes more 

efficient and effective. In this way the process will be improved even when the sales forecast and 

supply chain flexibilities remain unchanged.  

3.1.4 Procurement 

When the sales forecast is finalized it is entered into SAP software which will automatically procure 

materials needed for production. Multiple strategies are available to procure materials. Examples are 
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fixed re-order points, Economic Order Quantity (EOQ), and MRP. These strategies have a great 

impact on inventory levels thus an appropriate strategy is needed for every material. Due to material 

characteristics such as demand-rate, lead-time and criticality this strategy is different for every 

material. Tennant recently rigorously changed procurement strategies for many materials such that 

95% of materials now rely on an MRP plus safety stock strategy. During this research the result of 

this strategy change will become apparent. Besides the current project within Tennant, procurement 

is generally treated as a “black box” and S&OP literature assumes that the material requirements of 

the S&OP are always fulfilled. Therefore this subject will be out of scope for this research.  

3.1.5 Production  

For an effective and efficient S&OP process it is desirable for the supply chain to show flexible 

characteristics. As stated earlier in this report these flexibilities can be obtained in many ways. 

However, for this research not all possibilities to increase supply chain flexibility are explored. 

Most flexibilities described in the literature review show a strong link with technical engineering 

disciplines. For example, the order of assembly and reduction of processing times all require 

knowhow on mechanical engineering. Also initiatives to increase flexibility by procuring new long-

term capital are excluded. Currently an ongoing project within Tennant explores the possibilities for 

a mixed-model assembly line. This is a clear example of an initiative that strives to increase supply 

chain flexibility but is out of scope for this research. For this research production and assembly 

times are assumed to be accurate and no efforts to reduce these times are made. 

3.2 Research question(s) 

In order to solve the problem which is currently present at Tennant the research question 

formulated below needs to be answered. Multiple sub-questions focus on more specific areas of the 

problem. These questions function as a guideline for the remainder of this research.  

“What are KPI’s for the S&OP process and which corresponding management parameters affect 

performance?” 

1. What product characteristics influence production planning?  

2. What outside factors influence production planning?  

3. What kind of strategy is most effective to achieve desired performance levels? 

3.3 Practical requirements 

Three different research methods are used throughout this thesis. Academic literature is consulted to 

gather knowledge and will be cited when used. The links to the academic literature are summarized 

at the end of this report. Also semi-structured interviews are held with the different stakeholders and 

decision-makers in the process and internal data is gathered to support the conclusions. Lastly, 

modeling is used which is in accordance with the models from (Mitroff, 1973)and (van Strien, 1975). 

Besides scientific requirements also certain practical goals should be defined. Three targets are 

important for Tennant to ensure practical relevance to prevent from getting lost in theory:  
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 Simplicity. Refers to the fact that the potential solution must work in practice and that 

concepts must be understandable and implementable for Tennant 

 Operational limitations. Limitations need to be taken into account since Tennant wants to 

implement the solution 

 Data availability. Data must be available within Tennant to analyze the current situation 

and to make recommendations for the future 

3.4 Deliverables 

The final form of this report will contain a list of elements that help Tennant to get a good 

understanding of the S&OP process and support optimal decision-making for both sales forecasting 

and production planning. The following elements are formulated: 

 Development of a well understood Sales & Operations Planning process 

 The set-up of an analysis and a tool to support decision-making  

 Evaluation and integration in the current practice 
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4 Literature review 
As mentioned in paragraph 1.2 this paper follows research models of (Mitroff, 1973) and (van 

Strien, 1975). Both models are well-established and have been used to conduct scientific research for 

decades now. It is important to start the research by collecting relevant scientific literature to 

construct a theoretical framework which functions as a foundation for the remainder of this 

research. This chapter summarizes the most relevant literature on S&OP in general, as well as some 

specific literature on certain components of the S&OP process such as demand forecasting, 

production planning and ERP systems. 

4.1 S&OP  

In chapters 2 and 3 it became clear that even though there currently is an S&OP process in place 

within Tennant, this process is immature and certain basic features need to be re-modeled before 

certain sub-components of the process can be analyzed in detail. An extensive literature review of 55 

papers conducted by (Thomé, 2012) revealed five main features that are critical for S&OP success. 

Most importantly the S&OP process is a cross-functional process which integrates all parts of the 

business into a unified plan. A paper by (Crown, 1995) states that group performance will be highest 

when they are given an individual but group-centric goal. Therefore every involved department 

needs clear individual goals and KPI’s to measure performance. However, department performance 

in many cases depends on other business functions. An article by (Hitachi Consulting, 2014) 

explains how KPI’s should be constructed to guard for dependencies between KPI’s of different 

departments. 

Apart from collaboration between departments and creating a single unified business plan, the 

S&OP process shows a couple of other main features. Firstly, the time-horizon of the process varies 

from daily operations to 3-year long-term planning. Therefore the S&OP process bridges strategy 

and operations and many sub-processes need to be in place to support these different functions. 

According to (Wallace, 2006) the S&OP process consists of four fundamentals as displayed by 

Figure 9. 

 

    

Figure 9 S&OP fundamentals, Wallace (2006) 



 
 

23 
 

This figure nicely reflects the different time-horizons and functions and also moves away from 

general S&OP concepts and instead focusses more on specific components within the process. 

According to Wallace, apart from balancing demand and supply which naturally is a critical task 

within S&OP, also volume and mix should be balanced. Volume concerns a longer-term planning 

with a time-horizon of one to eighteen months and is strategic in nature whereas the mix is 

important for operations and therefore has a much shorter time-horizon of weeks, days, or even 

hours. Moreover, volume predictions are linked to the company’s strategy whereas a more detailed 

mix-prediction will affect the production planning and day-to-day operations. This chapter will 

therefore continue with literature sections on demand forecasting as well as production planning 

which are the two most important sub-components of the S&OP process. 

4.2 Production Planning 

At the present time, most manufacturing companies are producing complex products consisting of 

hundreds of components. When producing a wide range of products this will results in thousands of 

materials with mostly different suppliers and lead-times. Such complex situations cannot be 

managed properly by employees and therefore we rely heavily on ERP-systems. In fact, the first 

ERP systems, developed in the seventies, were made for Materials Requirement Planning (MRP) 

(McGaughey, 2007). Apart from their computational power to automate and optimize materials and 

production planning, ERP systems make information freely available across the company. This is 

helpful for cross-departmental collaboration which is a critical success factor within S&OP 

processes. 

Apart from ERP systems certain other concepts have a major impact on production planning. 

Extensive literature has been written on Build-To-Order versus Build-To-Stock policies. Both 

strategies show certain benefits and drawbacks. A BTO strategy relieves the problems of excessive 

inventory that are common within the traditional BTS strategy. A drawback lies in the fact that there 

is no inventory on hand, thus lead times will be longer since products cannot be delivered from 

stock. To cope with fluctuations in demand a BTO system is forced to have a significant cushion 

both in labor and equipment. This is needed to provide stable customer service while demand is 

uneven. (Portougal, 2005) Just as Tennant, currently many companies are using a hybrid BTO/BTS 

strategy. Depending on product specifications (Rajagopalan, 2002) constructed a model that can be 

used to obtain the most beneficial strategy. 

To conclude, the Customer Order Decoupling point (CODP) is defined as the point in the flow of 

goods where forecast driven production and customer order driven production are separated 

(Wortmann, 1997). So a decoupling point delineates the boundaries of at least two independently 

planned and managed horizons and are mostly associated with stock points and thus are closely 

related to the previous BTO/BTS discussion. (Ptak, 2011) wrote a paper on strategic selection of 

such points. Literature on Postponement or Delayed Product Differentiation (DPD) are terms 

which are often used in combination with CODP. Postponement is a strategy that simultaneously 

reduces delivery times and increases flexibility by postponing building, packaging, or assembling 

products until a concrete order from a client is received (Chopra, 2001). The core concept of this 

strategy is to produce common components during most of the push phases within a supply chain 
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and to shift product differentiation to pull phases. Many industrial giants such as HP, Dell, and 

Benetton, have used postponement and the scope of postponement research has expanded to 

include marketing, logistics, manufacturing, product development, purchasing, and promotion 

processes (Yang, 2005).  

4.3 Demand Forecasting 

Producing sales forecasts are an essential part of the S&OP process and as can be seen in chapter 2, 

Tennant is currently putting in a lot of time and effort to produce forecasts of the highest quality. 

Efforts to produce accurate sales forecasts date back thousands of years ago to market vendors and 

great amounts of literature have been written since.  

Forecasting techniques can be classified into four main groups: (1) Qualitative methods that rely on 

human judgment and opinion for forecasting, (2) time series methods that depend on historical data 

for forecasting, (3) causal methods that assume the demand forecast is highly correlated with certain 

factors in the environment, and (4) simulation methods that mimic consumer choices to draw 

demand pattern (Saha, 2014). Most businesses currently still use classical time series methods such as 

moving-average or exponential smoothing. Moreover, many software packages are capable of 

selecting the most appropriate methods automatically based on the historical data.  

 

As can be seen in paragraph 2.4 it is a challenge to create forecasts of a high quality and also 

significant performance differences between products can be observed. Therefore, instead of 

focusing on the method used, it is more important for Tennant to look at what company-specific 

features are dictating what method to use. Firstly, demand within Tennant is very lumpy and 

seasonal patterns can be recognized. Such demand patterns are very common in manufacturing 

environments (Willemain, 2004) and (Gutierrez, 2008) proposes specific methods to cope with 

lumpy demand. Also literature has been written on limited data, promotions and short-lifecycle 

products which should all be treated differently. 

 

However, instead of focusing on what method to use the focus for Tennant should be more 

elementary. In paragraph 2.4 a significant discrepancy between sales and production was observed 

which presumably is caused by data inaccuracies. Since correct data is essential for proper sales 

forecasts the focus should be on improving data accuracy. Moreover, when the S&OP process 

progresses over time and data is stored correctly, the focus will shift to optimizing certain specific 

components. For example, according to Figure 9 an accurate “product-mix” forecast is needed but 

currently only data on product groups is currently tracked. Without data on a “SKU-level” such 

analyses are infeasible to conduct. Therefore this research should identify what data is important for 

Tennant to manage the S&OP process correctly. Subsequently, methods on how to track and store 

data, as well as methods on how to make data readily available within all departments, should be 

developed. 
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5 Plan for re-design 
Up until this point only observations on the current situation were made and no solutions to 

ongoing problems were given. We identified the most promising areas for improvement and this 

section will show improvements on the current situation. All improvements provided in this section 

are in line with scientific literature and real company data is used to test hypotheses.  

5.1 Goal Setting 

Literature states that cooperation between departments is vital for a successful S&OP process. Clear 

and effective goals and KPI’s need to be created within and between departments to stimulate this 

cooperation. Currently collaboration between sales- and production-departments is non-existent. 

Sales goals significantly influence the entire supply chain, especially near the end of a period. On the 

other hand clear goals and KPI’s are lacking within the production department. Therefore the 

production department becomes a “puppet” of the sales teams in which they simply need to satisfy 

all requested demand without keeping an eye on performance improvement or cost savings. By 

creating individual but group centric goals the performance is expected to be highest (Crown, 1995). 

This means that departments still need individual goals but the greater good of the company should 

always function as a foundation when setting goals. 

Since sales departments form the only direct link between the company and its customers their main 

function is to sell as much products as possible against the highest possible margin since this will 

eventually result in company profit. An effective method within sales teams to stimulate sales is to 

award bonuses when certain pre-defined sales goals are reached. Such sales goals are already present 

in the current S&OP process but improvements might be possible since goals are expressed in 

revenue rather than profit. This means that all sales contribute towards reaching their sales goal, 

even if a certain sale shows a negative margin due to rushed air-freight or overtime labor. Such 

additional costs are often experienced towards the end of a quarter or the end of a year since 

deadlines for sales goals are situated here. Expressing sales goals in profit rather than revenue would 

therefore be a more logical goal. 

As explained earlier in this report sales departments actively ramp up production towards the end of 

a period in order to still be able to obtain their bonus. This increased production output ensures 

product availability when they close a deal so they can book the sale before the deadline expires. 

However, while the production planning is adjusted and additional costs are incurred by Tennant the 

market situation remains completely unchanged. Interventions by sales departments should be based 

on concrete information on current ongoing deals. Nonetheless, these current deals are for the most 

part already included in the production planning. Keep in mind that capacity is reserved and a 

production plan is already in place for all statistically forecasted demand. Hence, the adjustment by 

sales departments led to an over-estimation of demand as could be seen earlier in this report.  

Even though adjustments are accompanied with additional costs and no improvement in forecasting 

accuracy is apparent, sales teams still have complete freedom to change the production plan every 

way they see fit. The production department currently does not have clear goals and KPI’s in place 

and therefore requests from sales teams are not challenged or influenced by production-specific 
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KPI’s. However, when such an adjustment proves to be erroneous the experienced additional costs 

will decrease production performance. Thus, the production department suffers from an incorrect 

adjustment made by the sales department.  

In order to solve this issue clear goals need to be created for the production department. These 

goals enable the production department to either reject certain sales orders or at least have control 

over their own KPI’s by allocating the additional costs toward responsible sales teams so that 

production-specific KPI’s remain unaffected.  

The S&OP process starts with an annual meeting where sales, production, and finance departments 

are involved. Firstly, the finance department sets desired yearly goals. Based on these financial goals 

the sales departments will receive individual goals. Keep in mind that these goals are ambitious and 

bonuses serve solely as motivation for the individual sales teams. When all individual sales goals are 

aggregated they will exceed the yearly company goals set by the finance department. To illustrate, 

imagine a situation where all sales teams fall €1 short of their individual sales goal. Their 

accumulated revenue will exceed yearly financial goals while bonuses are not rewarded and thus 

costs are saved. From a company point of view this scenario is most profitable.  

Now goals need to be developed for the production department that benefit the company as a 

whole instead of just be beneficial for the sales department. After yearly company goals are 

established by the finance department we can now start thinking about how the production 

department can contribute to reaching these yearly goals. In essence, the function of every individual 

production location is to generate a certain output given certain predefined KPI’s like lead-time, 

customer service-levels and costs. In the annual S&OP meeting every production plant therefore 

needs to receive an individual goal where all above mentioned KPI’s are described. All plants 

combined need to guarantee an output which is high enough to reach the company goals. Given this 

guaranteed output every plant needs to produce as cost-effective as possible.  

Now, both sales- and production-departments are driven by individual goals that aim to benefit the 

company as a whole rather than just a single department. Moreover they can manage their own 

KPI’s which cannot be influenced by other departments. Later in this report we will look at the 

synergy between these individual goals during day-to-day operations. More elaborate specifics on 

KPI’s are also discussed later in this paper. 

5.2 Sales Forecasting 

Every successful S&OP relies on high quality sales forecasts. In the quantitative analyses on current 

forecasting multiple problems became apparent. The software that is used to generate the forecasts 

is outdated and time and effort are wasted from a process point-of-view due to double or irrelevant 

tasks. More importantly however, is the fact that sales data seems to be incomplete. Therefore 

accurate data needs to be obtained before other inefficiencies can be solved. 

5.2.1 Sales Data Accuracy 

In the quantitative analyses on current sales forecasting performance it became apparent that the 

quality of the sales forecast only deteriorated as it moved through the process and the Master 
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Production Scheduler created a new forecast because the forecast up to that point was not reliable 

enough. 

The reason for this unreliable statistical forecast lies in inaccurate sales data. As can be seen in Figure 

8, according to the data more machines are being produced than there are being sold. Since 

inventory levels remain equal and production data is completely accurate, this insinuates incomplete 

sales data. Without accurate sales data you cannot expect high quality sales forecasts thus obtaining 

correct data is of great importance.  

The only way that sales teams communicate orders to a production plant is by using SAP software 

and all sales are therefore stored in a database. When this database is complete the problem lies 

elsewhere. Either data is entered incorrectly or data is extracted from the database in a wrong way. 

As explained earlier, small discrepancies between months are acceptable and can have many causes 

like orders in transit, returned orders, or changed sales orders but when yearly aggregated data are 

compared differences should be negligible.  

To recognize what type of product is required within every sales order, SAP records data on material 

type and a corresponding material description. Every material type corresponds with one product 

group but over time multiple material types are created that all correspond with the same product 

group. This data is firstly entered into the system by sales representatives and is then modified and 

manually translated into production orders by a production scheduler.  

When data for a specific product group is needed as output from SAP it requires you to give a 

complete list of materials that corresponds with that particular product group. Since this list has 

grown over time to over a hundred entries for a single product is it not evident to extract a list with 

complete data. In addition to material types, SAP requires additional information on sales groups 

and order types. Generally speaking users need to specify numerous factors as input for SAP and 

differences in SAP output between users are therefore occurring frequently.  

Besides extracting sales data incorrectly it is also possible that data is entered wrongly at an earlier 

stage. For example, 2% of the T3 product group shows material descriptions that do not match with 

the corresponding material types. So if an employee specifies material descriptions instead of 

material types 2% of all orders will not be extracted from SAP. The cause for this data discrepancy 

can only lie in erroneous data entry. These small discrepancies might not seem significant but when 

all factors are combined this will add up to significant differences. Table 3 illustrates the differences 

that exist between sales orders and production orders. These differences are occurring due to 

erroneous data entry and timing issues such as returned orders or orders in transit. However, the 

third column in Table 3 is a clear example of a list of data that is wrongly extracted from SAP. Due 

to specific settings in this particular sales report almost 50% of all sales orders are missing. Naturally, 

using this inaccurate data has major implications on the forecasting accuracy. This also explains the 

complaints from numerous employees that the statistical sales forecast is not reliable. 
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 Sales Orders SAP Production Orders SAP Input Statistical Forecast 

T3 2013 3115 3137 1711 

 2014 3242 3170 1894 

T5 2013 1086 1112 628 

 2014 1334 1260 713 
Table 3 Data discrepancies 

Accurate data needs to be extracted from SAP consistently in order to solve this problem in the 

future. Firstly, sales representatives need to understand the importance of correct data entry. 

Secondly, data needs to remain manageable over time so data changes such as new definitions for 

material types need to be handled with care. Lastly, standardized reports need to be used by all 

involved employees to avoid ambiguity and ensure consistent data throughout the entire 

organization. Such reports need to be developed by SAP experts since an elaborate list of selection 

criteria is required to extract the correct data.  

5.2.2 SKU-level Data Tracking 

Besides tracking sales data on a group-level sometimes more specific information concerning single 

SKU’s is needed. For example to calculate a safety stock for a particular SKU. Such information is 

currently not available for all SKU’s. As stated earlier, the production plant in Uden uses a hybrid 

BTO/BTS strategy for all commercial machines. Common configurations are identified and a 

unique material code is assigned only if a certain configuration is occurring frequently. When a 

customer requires a standard configuration the sales representative defines all configuration options 

and SAP automatically detects the corresponding unique SKU code. When the customer order does 

not correspond with a predefined configuration, no SKU code is assigned and SAP can only identify 

the product group. A list with desired configuration options is included in the sales order so that the 

production plant can manually translate such sales orders into production orders.  

As a result, demand can only be tracked for SKU’s that have an assigned unique material code. All 

SKU’s without such a unique code cannot be distinguished within the sales data since they are all 

stored under a general product group code. Sales data needs to be tracked differently in the future to 

overcome this problem. By using the specifically developed Excel tool a new unique configuration 

option is easily identifiable. When an incoming sales order shows a configuration that has never 

been built before, a unique SKU code should be generated immediately, regardless of whether this 

configuration will occur in the future or not. In this way the newly selected Slimstock software will 

be able to generate forecasts and safety stock levels per SKU instead of generating safety stock levels 

per product group and allocating percentages of the total safety stock afterwards.  

In the quantitative analysis on current sales forecasting performance it became apparent that no 

covariance was occurring between sales departments. Therefore no noticeable improvements on 

performance could be realized by aggregating sales data of all sales teams before producing the 

forecast. This results seemed plausible since, beside certain macro-economic factors, orders placed 

in country A should not affect orders placed in country B.  
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This time however it is not the covariance between sales departments, but covariance between 

SKU’s within the same product group that is of importance. When SKU’s show negative covariance 

this will lower total variance which will in turn reduce forecasting errors. In this case negative 

covariance is probable to be present. This is because a significant proportion of orders require 

multiple machines of the same product type and configuration options within such sales orders are 

often identical. When a big order arrives in the factory the probability of orders containing different 

SKU’s might go down. However, since no data is recorded on all unique SKU’s the presence of 

(negative) covariance cannot be proven. When covariance is indeed present, Tennant can use this 

occurrence to its advantage in the future while generating sales forecasts and calculating safety stock 

levels. 

5.2.3 Software Selection 

After accurate sales data has been obtained the next step is to select appropriate software to produce 

the sales forecasts. The ForecasterPRO software that currently is being used needs to be replaced. 

The software was last updated in 2006 and is not readily available within Tennant. Moreover, 

specific software settings which were specified per product group are outdated and no expert 

knowledge is available to update these settings.  

Sales forecasting software is widely available and packages are developed specifically for enterprises. 

As can be seen in Figure 4 and Figure 5 the performance between ForecasterPRO software and 

SPSS software is negligible. This is because they all use the same theoretical models to produce 

forecasts. The two most important methods are time-series analysis such as exponential smoothing, 

moving-average, and the Box-Jenkins method and causal methods such as regression analysis and 

econometrical models (Efendigil, 2009). Most software packages use multiple forecasting methods in 

one run and then automatically select the best fitting model. 

Within Tennant, Slim4 software is recently acquired to manage inventory of aftermarket sales. 

Aftermarket sales consist of the sales of spare service parts such as replaceable cleaning brushes and 

are managed independently. It is recommended for Tennant to also start using Slim4 software for 

regular sales forecasts. Certain software features that were already present but not in use in the old 

software package should be utilized. Besides letting the software automatically select the best fitting 

model, information that becomes available throughout the month should be implemented in the 

forecast. When for example a big order is already known for the upcoming month this information 

should be incorporated in the forecast and Slim4 has the capability to do this. Moreover, when data 

is tracked differently also the possible existence of (negative) covariance between SKU’s can be 

implemented to improve performance. The software then makes separate forecasts on both a group- 

and SKU-level and uses the interaction between the different forecasts to its advantage. For example 

aggregated product-group data is used to establish the most reliable seasonal patterns and trends. 

Another example could be a large order that is already known for a particular SKU. Such orders are 

likely to affect the demand of other SKU’s within the same product-group and such interactions can 

be captured by Slim4 software. 
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5.2.4 Process Improvement 

In section 2.4 multiple problems were present in the current forecasting process. Multiple 

departments were involved in optimizing and changing the sales forecast but ultimately the forecast 

was still not reliable. Time and effort were wasted and control was lost by changing the forecast after 

management approval was given. The statistical forecast seemed the most accurate method and 

other departments only worsened the forecast.  

However, section 5.2.1 revealed that incorrect data was being used for the statistical forecast which 

naturally led to low-quality forecasts. This incorrect data was also used as benchmark for all analyses 

in section 2.4 and therefore other departments may have improved the forecast after all. Before a 

new optimal forecasting process can be defined the conclusions from section 2.4 should be revised. 

To summarize, it can be concluded that statistical software still shows a good accuracy. Even though 

data was incorrect the software was still able to accurately forecast this incorrect data. Moreover, 

sales teams significantly increased the forecast. Rather than analysing the performance 

increase/decrease we should look at the reasons these changes are based on. Sales teams namely 

base their decision on regular current sales orders. When accurate data is used for the statistical 

forecast such orders are already included in the forecast and therefore adjustments from sales teams 

are expected to lead to an overestimation of demand by default. Finally, the Master Production 

Scheduler significantly increased the forecast. Again, let us look at the reasons for this decision 

rather than at the correctness of the decision. When the forecast arrives at the MPS all forms of 

demand are already included but the forecast is still increased slightly by the MPS as a safety measure 

to prevent material stock-outs.  

The new situation should aim to produce an accurate forecast where all demand is included and 

stock-outs are prevented. Time and effort can be saved by letting software generate the only 

forecast. When correct data is used, software will always produce more accurate forecasts than 

humans in an environment with highly seasonal and volatile demand. Stock-outs can be prevented 

by optimizing procurement policies as well as by increasing the statistical forecast by a fixed 

percentage to account for the difference in costs for over- and under-estimations. Finally, additional 

information on already booked orders as well as upcoming big orders should be fed into the 

software as soon as it becomes available so that the software can incorporate this information. 

5.3 Safety Stock  

Before the Master Production Scheduler can start with converting the sales forecast into a 

production plan a decision needs to be made on which products will be build-to-stock and which 

products will be build-to-order. In the old situation certain commercial machines were already built-

to-stock, however a structured process to decide on BTO versus BTS was lacking. Subsequently, 

when a decision is made to build-to-stock a standard safety stock formula is used and the 

performance of this formula is unknown.  

Literature on safety stock dates back to the early 1900’s and many theories were written since. Both 

strategies show certain advantages. The most important reason to build to stock is to reduce lead-

times while build to order enables more flexibility in product customization. A disadvantage of the 
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BTS strategy is increased inventory levels. The basic principle behind safety stock is to create an 

inventory buffer to cope with variations in demand. Usually the variation of the demand is 

multiplied by a factor k to reach a desired service-level. The replenishment lead-time then 

determines the final safety stock level. Classical theory usually assumes a normal demand distribution 

and uses standard deviation which is not accurate for most real businesses. Therefore a statistic 

called Mean Absolute Deviation (MAD) is used to depict demand variations in most enterprise 

software packages.  

5.3.1 Safety stock formula selection 

Next, a simulation on historical data is presented to select the best performing safety stock formula 

for Tennant. For this analysis an article of (Krupp, 1997) is used. Besides a classical approach which 

uses the MAD statistic, Krupp presents multiple extensions to incorporate next-period forecasts and 

forecast errors.  

An overview of the five selected safety stock calculation methods and formulas can be found in 

Appendix B. In short; MAD uses a classical approach with the MAD statistic. TBM is a time-based 

approach that takes into account the forecast of the upcoming period. Subsequently, both formulas 

are extended by adding a Forecast Error Tracking Signal (FETS) to account for structural over- or 

under-forecasting. Lastly, the most classical approach that uses standard deviation of demand 

instead of the MAD statistic is examined.  

For the simulation an internal lead-time of three days and a fixed periodic review period of one day 

is assumed. Furthermore safety stock levels are updated every month and daily capacity is based on 

actual monthly production data that is then evenly spread out over the month. Lastly, backorders are 

allowed and thus no lost sales can occur. A simulation is made using actual company data of 2013 

and 2014.  

Currently data is only tracked on a group-level and different SKU’s within a product group cannot 

be distinguished in sales data.  For this reason simulation results in Table 4 depict service-levels of 

product groups instead of specific SKU’s.  

 MAD TBM MAD_FETS TBM_FETS ST_DEV 

SL% Avg. 

Inv. 

SL% Avg. 

Inv. 

SL% Avg. 

Inv. 

SL% Avg. 

Inv. 

SL% Avg. 

Inv. 

T2 90% 83,6% 7,5 82,9% 8,3 68,3% 5,2 83,9% 10,1 85,7% 8,3 

95% 93,4% 11,3 92,5% 12,3 79,1% 8,4 91,8% 14,4 95,2% 12,3 

99% 99,4% 18,3 99,5% 19,6 91,9% 14,2 97,8% 22,3 99,8% 19,8 

T3 90% 63,7% 7,5 58,5% 5,4 40,7% -0,3 46,1% 2,8 54,4% 3,3 

95% 74,5% 14,6 69,9% 11,8 52,3% 4,6 56,5% 8,2 69,1% 9,0 

99% 88,0% 27,8 82,1% 23,8 67,3% 13,8 71,1% 18,8 83,2% 20,1 

T7 90% 22,9% -10,1 23,0% -9,3 25,2% -9,1 28,6% -7,3 20,9% -11,2 

95% 30,2% -6,7 30,5% -6,4 33,1% -5,6 37,1% -3,9 27,2% -8,5 

99% 43,3% -0,8 43,3% -0,5 45,0% 0,5 47,2% 2,7 36,9% -3,1 
Table 4 Safety Stock formula comparison 
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Firstly, note that higher safety stock levels by definition result in higher service levels. The SL% 

column in Table 4 depicts a type-β service level, otherwise known as the fill rate, which better 

represents performance than a type-α service level in the case of Tennant. To compare performance 

of the proposed methods the average inventory therefore needs to be taken into account. The 

average inventory is computed by measuring stock levels on a daily basis and then compute an 

average accordingly. Since backorders are allowed, negative values depict the average number of 

backorders. The reached service levels for the T2 machine are closest to what the formulas state they 

should be. Moreover, the MAD formula shows the highest, or close to highest, service levels while 

average inventory is significantly lower. The lower average inventory is a result of the static nature of 

the MAD formula. Since next-period forecasts are not incorporated safety-stock levels remain fairly 

constant. Even if a strong increase or decrease in demand is expected. The classical formula that 

assumes normally distributed demand and uses standard deviation instead of the MAD statistic 

shows acceptable performance levels as well. This formula has the advantage that no demand 

forecasts are needed to calculate safety stock levels and therefore this method takes up significantly 

less time than the other methods. 

Tennant experiences strong demand fluctuations from month to month and therefore the time-

based method(s) are expected to show the best performance. Since next month’s forecast can vary 

strongly from the previous month it makes sense to incorporate this forecast. Time-based 

calculation methods will react to these expectations. When a forecast is accurate, more safety stock is 

correctly created which will result in better service-levels during that period for the time-base 

formula. However, results show that the MAD method on average outperforms the time-based 

method which would indicate that sales forecasts are unreliable.  

When the FETS factor is incorporated into the MAD formula the average inventory and service-

levels decrease significantly. This indicates structural over-forecasting which is in line with forecast 

analysis earlier in this report. Nonetheless, desired service-levels are not reached while using the 

regular MAD formula and therefore there is no need to lower safety stock levels to adjust for over-

forecasting. When FETS is incorporated in the time-based formula results are different. Average 

inventories are higher on average while service-levels are significantly lower. This formula is 

therefore clearly not useable for Tennant since it cannot properly cope with demand fluctuations as 

experienced within Tennant. 

Now, let’s take a look at the performance between different products. While T2 actual service-levels 

are close to expected service-levels, both T3 and T7 machines show worse performances. This 

decline in performance can have two causes. The first cause is that product lead-times are not 

accurate. Lead-times are an essential input parameter for safety stock calculations. The higher the 

lead-time, the higher the safety stock levels need to be. When internal lead-times for machines T3 

and T7 are higher than the assumed three days, formulas need to be updated which will result in 

higher safety stock levels. At this moment there is no data available to track internal lead-times 

within Tennant.  
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5.3.2 Utilization of Lead-Time 

Data on sales order creation and requested delivery date are currently recorded to track external 

lead-time. In other words this depicts the allowed lead-time by the customer. However, safety stock 

calculations need data concerning internal lead-time. This is the time interval from production order 

creation to production finalization. The difference between internal and external lead-time is 

illustrated by Figure 10. An example of real data is presented here where the customer allowed a 

lead-time of multiple weeks but due to an unexpectedly long internal lead-time the delivery is not on 

time. Since production orders are created months in advance (to ensure proper material 

procurement) and the fact that there is no direct link between sales orders and production orders it 

is currently not possible to accurately deduce internal lead-times.  

 

Figure 10 Lead-time segmentation 

Another cause for the discrepancy between actual- and expected performance is demand variation. 

Even though all formulas are designed to cope with dynamic demand, fluctuations in demand 

should remain within certain limits. The T2 machine shows steady input on order frequency and 

order size. For both T3 and T7 product lines, order frequencies are comparable with the T2 but 

order size varies strongly. Both machines show multiple single orders in the 2-year simulation period 

that are far bigger than the complete safety stock. Due to capacity constraints such orders will affect 

safety stock levels for a whole month which will in turn influence service levels. 

Tennant has little influence on the order size and frequency of their customers. However, when we 

look at allowed lead-times by customers they are often much longer than the internal lead-time of 

three days. Certain customers allow for lead-times as long as 6-10 weeks. Big volume orders usually 

allow for longer lead-times. Because big orders usually involve an intensive pre-sales phase the 

requested delivery date is known well in advance. Therefore it is possible to spread out demand of 

such an order evenly over the allowed lead-time which will significantly improve performance. Table 

5 shows the performance improvement when big orders are spread out over time evenly. Note that 

only big orders are spread out for illustrative purposes. When all single orders are managed and 

planned by their allowed lead-time more improvements could be made. Also note that average 

inventories are increasing in the simulation where big order are spread out evenly over time. This is 

due to the additional time that finished products remain in storage. Again this illustrates the ever-

existing trade-off between service-levels and inventory levels. Increasing safety stock levels will lead 

to structurally higher inventories while spreading out demand will occasionally lead to peaks in 

inventories for finished goods. 
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 MAD_Regular MAD_Spread ST_DEV ST_DEV_Spread 

SL% Avg. Inv. SL% Avg. Inv. SL% Avg. Inv. SL% Avg. Inv. 

T3 90% 63,7% 7,5 66,7% 9,9 54,4% 3,3 56,7% 5,7 

95% 74,5% 14,6 80,1% 16,9 69,1% 9,0 73,0% 11,4 

99% 88,0% 27,8 92,5% 30,1 83,2% 20,1 89,0% 22,4 
Table 5 Performance improvement by demand spread out 

 

5.3.3 Impact of updating frequencies 

In previous analyses safety stock levels were calculated and updated each month. Monthly safety 

stock updates can be time-consuming so the effect of less frequent updates on performance is 

examined next. Table 6 shows the result for quarterly and yearly updates. Results show that yearly 

updates will result in a very strong performance decrease. Safety stock levels may vary strongly over 

time and therefore updates that are timed differently also perform differently. In Table 6 the 

minimum and maximum performance is displayed for the yearly updates since this depicts a very 

wide range. When control needs to be maintained on desired service-levels, yearly updates are not 

realistic. However, when updates are conducted every quarter the decrease in performance is 

acceptable. For the T3 machine even a slight increase in performance can be noticed when updated 

quarterly instead of monthly. This reveals an inaccuracy in the formula since for some months safety 

stock levels are updated for the worst. However, in general a strong relation can be noticed between 

update frequency and service-level performance. 

 Frequency MAD 

95% Avg. Inv. 

T2 yearly 85,3%-98,4% 7,7-20,6 

quarterly 91,3% 11,1 

monthly 93,4% 11,3 

T3 yearly 45,4%-90,2% 0,2-30,8 

quarterly 75,2% 14,4 

monthly 74,5% 14,6 

T7 yearly 17,6%-43,4% -12,7; -1,3 

quarterly 29,4% -7,2 

monthly 30,2% -6,7 
Table 6 Update frequencies; impact on performance 

In conclusion, the MAD formula shows the highest service levels while average inventory levels are 

comparable or in some cases even lower than other safety stock formulas. Accuracy of the formulas 

can be improved upon by deducting more accurate internal lead-times as well as by spreading out 

demand of big orders evenly over time when customer lead-times allow for it. Incorporating FETS 

to adjust for forecast errors showed no performance improvements. Lastly, when forecast accuracy 
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improves this will positively benefit time-based methods. In this case the simulation needs to be 

repeated and the time-based method might outperform the MAD-based approach. 

5.3.4 Safety Stock Calculation Process 

Now that a decision is made on which safety stock formula performs best, a process needs to be 

developed to put the safety stock formula to use.  

Figure 11 shows a model to decide whether to Build-To-Order or Build-To-Stock. The first step is 

to establish the desired service level. This service level as well as sales data and forecast data for each 

specific product configuration are then used as input for the safety stock calculation. As mentioned 

before, safety stock formulas depend heavily on lead-times. For the S&OP process, internal lead-

times are relevant and no accurate data is currently available. New efforts should be made to start 

tracking this data.  

 

 
 

Figure 11 Production strategy selection 

When the formula returns a positive number this output will determine the safety stock level. 

Subsequently, inventory needs to be tracked on a daily basis and orders need to be placed such that 

the order position equals the safety stock level. The order position equals current stock on hand plus 

orders in transit. Since orders in transit are included in the order position the inventory on hand will 

always be lower than the predefined safety stock level. This is illustrated by Figure 12. 
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Figure 12 Average inventory T2 February 2014 

Another possibility is for the safety stock formula to return a value of zero. This will be the case for 

all industrial machines since no standard configurations are defined and demand rates are relatively 

low. To detect common configurations a tool in Excel is developed that groups orders with identical 

configurations and shows the demand as a percentage of the total demand of the corresponding 

product group. A list with used materials per machine is used as input for Excel. After the common 

configurations list is made, the decision on whether to put a safety stock in place depends on 

multiple factors. Firstly, the total demand rate of the product group is an important factor. For 

example, when a common configuration depicts 20% of total demand within the product group but 

demand is only one machine per month probably no safety stock is needed since the finished 

machine risks to stay in inventory for too long. When a Poisson distribution and a demand rate of 

two machines per month are assumed, the probability that a machine is not sold after six months is 

less than 5%. Secondly, the value and size of the machine are important. Expensive machines and 

machines that require lots of inventory space carry more risk to stock than small and inexpensive 

machines. Lastly, a qualitative management decision could be made on criticality. For example, when 

a new configuration option needs to be promoted product availability is important. Managers can 

decide upon a temporary increase in product availability by putting a safety stock in place. 

5.4 Production Planning 

After a decision has been made on whether to build to stock or build to order for all SKU’s and the 

appropriate safety stock levels have been calculated it is time to start making a production plan. At 

the beginning of the month a Master Production Schedule (MPS) is prepared. Input for this MPS is 

a short-term demand forecast for the upcoming month. The capacity in the factory is adjusted to 

meet this expected demand. During the month, sales orders are coming in on a daily basis and 

demand can vary from the forecasted amount. Figure 13 depicts the total production planning 

process that produces the initial MPS and adjusts the production plan on a daily basis to update the 

plan with actual sales orders.  

 



 

 

Figure 13 Production Planning



Certain tasks only need to be executed monthly. These tasks are displayed in orange and can be 

described as “KPI management”. The parameters that are updated within these tasks dictate 

production performance for the entire month. These parameters need to be updated as displayed in 

Figure 11. 

When we move on through the process an initial Master Production Schedule is made. Unless there 

are specific irregularities in production capacity or expected demand variations during the month, 

the MPS divides the forecasted sales evenly over the month.  

The rest of the planning process is managed on a day-to-day basis. Actual sales orders are received 

and a distinction between BTO and BTS products is apparent. For BTO products a production slot 

needs to be reserved to assemble this exact configuration. The BTS products are delivered from 

stock and the inventory order position is updated to match the safety stock level. These orders to 

update the inventory position in essence are production orders since production is internal. Even 

though the translation from sales orders to production orders is different for BTO and BTS 

products, in the end a mixed list with BTO and BTS production orders needs to be planned. 

Capacity is limited and therefore production orders need to be prioritized. This is done by arranging 

the orders on available lead-time. For BTS products this lead-time is fixed on the pre-determined 

internal production lead-time. This lead-time remains fixed in order to reach the desired service 

level. BTO orders show more flexibility with lead-times varying from a couple of days up to ten 

weeks. This flexibility offers multiple advantages. Firstly, when capacity is inadequate, orders with a 

long lead-time can be postponed until enough capacity is available without affecting service-levels. 

Secondly, demand of big orders can be spread out evenly over the lead-time which will result in 

higher overall service-levels and lower required safety stock levels to reach desired service levels as 

could be seen in section 0.  

Moreover, sales orders are currently manually translated into a production order and start dates of 

particular production orders are based on internal lead-time and requested delivery date. Production 

then starts “just-in-time” for the order to be completed on time. This method is used to minimize 

finished goods inventory. However, Tennant operates in a highly dynamic sales environment and 

plant capacity and utilization rates can change significantly overnight. Due to this dynamic 

environment, internal lead-times may change over time which will in turn affect the optimal 

production plan. Provided that this process is done manually it is not feasible to “re-plan” already 

planned sales orders along with the newly arrived sales orders on a daily basis. However, when all 

unique configurations become easily identifiable by their SKU code this process could be automated 

in the future so that a new optimal production plan is generated every day. 

5.5 Capacity Planning 

Thus far, we discussed processes concerning safety stock levels, the initial Master Production Plan, 

and the day-to-day planning of sales orders. Up until now, the capacity in the factory was based on 

the short-term forecast and was assumed to be fixed during the month. However, differences 

between sales forecasts and actual sales may call for changes in capacity.  When changes in capacity 

are sometimes needed it is desirable for the capacity to show flexible characteristics. Every product 
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group has its own assembly station and factory workers are only capable to work at a specific 

station. Furthermore there are full-time employees that will always be present. In other words, even 

if there is no demand there still will be some workers present in the factory. This can be seen as the 

minimum capacity. Alternatively, irrespective of the amount of hired workers all assembly stations 

also have a maximum capacity. As mentioned before, initially planned capacity is based on the short-

term forecast.  

When actual demand turns out lower than the forecasted demand this will result in planned 

production slots that remain empty since the necessary sales order is not present. A decision now 

needs to be made on whether to postpone these production slots to a later time or to cancel them 

entirely. This decision needs to be based on the short-term forecast and the long-term financial goals 

of Tennant that are decided upon at the beginning of the year.  

Firstly, when a certain assembly station is already planned on maximum capacity for the remainder 

of the month the empty production slot needs to be cancelled by default since there simply is no 

room in later periods to fit an additional production slot. Moreover, capacity is based on the short-

term forecast. When actual demand turns out lower than expected this trend is likely to continue 

throughout the month unless specific information states otherwise. When such information is not 

present capacity is thus likely to be sufficient for the remainder of the month. However, there still 

remains one incentive for Tennant to postpone empty planned production slots.  

At the beginning of each year the long-term financial goals are established. Guaranteed output levels 

for all plants are agreed upon in order to provide sales teams with ample products to reach the 

company’s long-term goals. A lack of sales orders results in empty production slots. When too many 

empty production slots are cancelled early in the month a production plant might not be able to 

deliver the guaranteed output any more. Therefore the inflow of sales orders is crucial for a factory 

to reach a desired output. When this inflow of sales orders holds off for too long desired output 

levels become impossible to reach, even when maximum production capacity is used. Before this 

point is reached however, an output warning should be given toward all sales departments. Such a 

warning then stimulates the inflow of sales orders since sales departments also need this production 

output to reach their sales goals. It is during such a warning period that empty production slots 

might be postponed.  

When the regular production plan will not reach the guaranteed output, and there is a possibility to 

increase capacity, empty production slots can be postponed. There is already enough capacity 

reserved to fulfil all forecasted demand and production slot postponement therefore is a form of 

risk-taking. Extra capacity is created based on speculations on future sales, other than the standard 

forecasted amount. Additional resources need to be reserved which will result in added costs and a 

specific impulse is needed to justify postponement. This impulse comes in the form of an actual big 

sales order during the month or an expected increase in sales order inflow promised by sales 

departments. In order to guard department-specific KPI’s costs should be allocated accordingly. 

When the production plan is changed due to an actual big order costs should be allocated towards 

the production department since the unforeseen big order can be seen as a forecasting error. When 
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the plan is changed due to promises by sales teams costs should be allocated towards their specific 

sales orders. A schematic view on this postponement process is given in Figure 14. 

 

Figure 14 Postponement of Production Slots 

Table 7 shows an example where the above explained decision becomes apparent. The month starts 

with a planned output of 500 machines which is more than the guaranteed output which was 

decided upon at the beginning of the year. During the month sales are lower than expected and on 

January 9th the projected output is already lower than the guaranteed output. However, capacity can 

be increased so that desired output could still be reached. At this point an output warning should be 

given towards sales teams that more sales orders are needed quickly. On January 16th the inflow of 

sales orders has not increased enough and goals cannot be reached any more. Even when the plant 

starts producing at maximum capacity the desired output levels are still not feasible. From this point 

onwards there are no more reasons to postpone production slots. 

Planned Output 500 

Max Output 600 

Promised Output 450 
 

Actual 
Output 

Planned 
Output 

Max. 
Capacity  

Projected 
Output 

Max. 
Output 

1-jan 0 0 600 500 600 

9-jan 50 125 450 425 500 

16-jan 125 250 300 375 425 

24-jan 225 375 150 350 375 

31-jan 300 500 0 300 300 
Table 7 Production Output Flexibility 
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6 Discussion & Limitations 
Before the final conclusions and recommendations are presented this section will discuss the 

limitations of this report. In some analyses simplifying assumptions had to be made to fit certain 

models or due to the fact that real data was unavailable. New insights can be gained in further 

research when certain assumptions are modified or eliminated entirely in the future. Besides the 

limitations this sections will also identify possibly interesting areas for future research. Lastly gaps in 

current literature are discussed. 

6.1 Limitations 

Throughout this report, real company data is used as much as possible. In certain cases this data was 

inaccurate or not at all available. Therefore this report is very qualitative in nature. KPI’s are 

identified and accompanying critical factors that influence performance are explained but actual 

performance can only be measured when data becomes more accurate and freely available within the 

company. 

To start, certain assumptions have been made while selecting the most appropriate safety stock 

formula. Firstly, an internal lead-time of 3 days was assumed since there was only data available on 

external lead-times from where it was not possible to accurately deduct an internal lead-time. So 

while the analyses showed that internal lead-times will greatly influence service-levels the actual 

service-levels are still unknown.  

Besides that data on internal lead-times was unavailable, sales data was inaccurate even though this 

data serves as a foundation for the entire S&OP process. As a consequence, sales forecasts from the 

past did not show high accuracies. These low quality forecasts might have affected the selection of 

the most appropriate safety stock formula. Due to strong variations in demand from month to 

month, the incorporation of next period’s forecast was expected to improve performance. So when 

the quality of the forecasts improve due to the use of new software and accurate sales data the 

analysis needs to be repeated and more sophisticated formulas may show to be optimal for Tennant. 

Apart from the fact that sales data was inaccurate, certain relevant information was not stored in 

sales data in the past. Especially data to identify unique SKU’s will be useful in the future. Since not 

all SKU’s were tracked in the past forecasts and safety stock levels could only be generated for 

product groups and SKU’s were managed as a percentage of a product group instead of as an 

individual product. Managing product groups is less time-consuming but tracking data on unique 

SKU’s and managing them accordingly can lead to increases in performance. 

In conclusion, knowing what data to store to track performance is vital in every S&OP process. In 

the past this data was not always available within Tennant. Now that all necessary data is tracked it 

slowly becomes available to management and actions can be taken accordingly. Naturally, models 

and formulas are a simplified version of reality. For example, actual performance of certain safety 

stock policies show service-levels of less than 50% even though according to the formula they 

should show values upwards of 90%. This does not necessarily mean that the formula is inaccurate 

but rather means that certain company-specific factors influence performance levels. Therefore the 
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implementation of certain formulas requires an iterative process. After an initial setup, data needs to 

be tracked continuously and formulas need to be updated subsequently. After a few iterations 

managers then may conclude that a safety stock setting of 97% is needed to reach a desired service-

level of 90% due to outside factors that are neglected by the formula. This report thus functions as a 

framework to setup an effective S&OP process where all KPI’s and critical factors are identified. 

After this initial setup KPI’s need to be closely tracked and updated, especially during the first 

iterations, to create a closer fit between the theoretical framework and the actual desired situation. 

6.2 Discussion 

During the project definition certain fields of research were decided to be out of scope. A 

prioritization of possible improvements was constructed to decide the most relevant areas for 

research. However, some areas that have not been researched can positively impact S&OP 

performance.  

Especially increased synergy between the R&D and production departments shows great promise 

for improvement. As showed throughout this report, internal lead-times are of great importance for 

S&OP performance and increased collaboration between R&D and production can lead to 

significant lead-time reduction. A newly introduced machine last summer shows capabilities for 

modular building which greatly reduces lead-time as well as downtime in the factory due to a lack of 

sales orders. 

6.2.1 Directions for Future Research 

In the project selection the most promising areas of research were selected. Those decisions were 

influenced by time constraints, other ongoing projects within Tennant, and feasibility due to for 

example data availability. However, improvements to the current situation can be achieved by 

exploring the topics that are listed below.  

1. Research the impact of rejected sales orders on total profit.  

Tennant held a competitive edge throughout its existence by focussing on customer intimacy rather 

than focussing on product leadership or operational excellence. This strategy is characterized by a 

highly customizable product portfolio and short lead-times. Tennant has benefited from this method 

in the past and therefore it should not necessarily be challenged. However, all employees within 

Tennant should be aware of the implications of such a strategy.  

Currently Tennant will use everything within its capabilities to fulfil customer requests, even if 

margins are negative. It would be interesting to investigate the impact of rejected sales orders on 

total profit. Firstly, cost savings can be achieved for labor overtime as well as for rushed air-

shipments. Production output will become more regulated and resources are distributed evenly over 

time so while production output, company turnover, and market share might decrease, company 

profits could turn out higher. Secondly, Tennant will gain more insights into its customer base, 

specifically their flexibility in sales order requirements such as a longer allowed lead-time or different 

product configurations when insufficient resources are available to fulfil all initial requirements. 
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2. Explore further possibilities for modular building 

Even though the R&D department does not play an active role throughout the entire S&OP process 

this business function greatly influences the process. Industrial machines are built to order and 

production cannot start until a customer order arrives. Currently products are designed in such a 

way that this customer order is needed before product assembly can start. Re-designing machines 

such that production can start before customer orders arrive will be beneficial for Tennant. In other 

words: the Customer Order Decoupling Point (CODP) will lie more downstream in this improved 

situation. This will decrease product lead-times and ensures more efficient use of labor since workers 

can keep working in times when there is no customer order. 

The use of shared materials or components between products is another factor that will be beneficial 

for the S&OP process. Currently it seems that most materials are unique for one product. Items are 

procured individually at different vendors even though factory workers state that some materials 

such as common nuts and bolts or components such as driver seats could be easily combined 

between different end-products. The use of common materials has multiple benefits. The number of 

stock points can be reduced and inventory is managed more easily by company buyers. Also 

inventory levels will decrease whilst maintaining or even improving service-levels. This is due to the 

fact that safety-stock is needed for only one material instead of multiple safety-stocks for multiple 

materials.  

Last summer Tennant launched its first product which was developed with modular building 

capabilities. This research has shown what improvements could be made by implementing modular 

building strategies. Production times can be dramatically decreased and resources are distributed 

more evenly over time. Currently only 1 out of 13 products shows the desired capabilities and 

assembly stations and workers are not properly equipped to use modular building to its full 

potential. Since they are still using the same assembly methods as they were using with old product 

design without such modular capabilities. So, the potential of the concept is recognized by Tennant 

but it would be interesting to investigate what the critical success factors are to successfully 

implement such a strategy. It all starts within the R&D department but experience shows that 

changes to the production environment and training of factory workers is necessary as well.  

3. Investigate the impact of safety stock calculation per SKU instead of per product group  

Currently data is only tracked on product group level rather than on SKU level. As explained in 

section 5.2.2 safety stock is calculated for a product group as a whole and is then divided over all 

SKU’s according to demand rate. This method shows two simplifications which could be improved 

upon. Firstly, variance per SKU should be used instead of demand rates per SKU for safety stock 

division. Secondly, (negative) covariance between SKU’s could lead to an overall reduction of safety 

stock levels.  
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6.2.2 Scientific Contribution 

Extensive literature has been written on the S&OP process in general as well as on specific 

components of the process such as sales forecasting and safety stock calculation. Results of this 

research are in line with established literature and no contradictory findings are present.  

To summarize, results confirmed that collaboration between departments is critical for S&OP 

success. By defining well thought-out KPI’s, process performance can be monitored and managed 

effectively and synergy between departments is created. Moreover, methods that are typically used 

within enterprises prove to be best in this paper as well. Typical methods for both demand 

forecasting (time-series analysis) and safety stock calculation (MAD and standard deviation statistics) 

were most suitable within this business environment. 

During this research only one gap in literature became apparent. Namely the link between lead-time 

utilization and safety-stock levels. Literature states that there is a direct link between inventory levels 

and service-levels. This report showed that the use of different policies can lead to different service-

levels while average inventories are equal. Service-levels can be improved upon in two ways, change 

the desired service-level which functions as input for safety stock calculations, or spread out 

production over the allowed customer lead-time. Both changes will result in higher service-levels 

and higher average inventories, but both policies affect the average inventory in a different way. 

Higher safety stock levels will lead to a moderate but steady increase in average inventory while 

spreading out demand will lead to a significant but periodical increase in average inventory. No 

literature was found on this trade-off and it would be interesting to further investigate this topic in 

the future.  

 

 

7 Conclusions & Recommendations 
In this final chapter a summary is given on the way research was conducted. Possibilities are 

explored to extend the results of this paper to other manufacturers or other fields of research. 

Moreover, research questions are answered and conclusions are presented. This report finishes with 

recommendations for Tennant. 

7.1 Answers to Research Questions 

This section will give a summary of all the research questions and conclusions and answers are given 

accordingly. The main research question was defined as: 

What are KPI’s for the S&OP process? And which corresponding management parameters 

ensure optimal performance? The quality of KPI’s as well as the quantity of KPI’s is different for 

every process. Within S&OP theory, immature teams should be measured against five to ten KPI’s 

which focus on team behavior such as meeting attendance and process effectiveness such as 

forecasting accuracy and production plan adherence (Hitachi Consulting, 2014). As the team 
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matures, a number of enhanced KPI’s can be incorporated into the performance management 

metrics. Such measures could include backlog, on-time shipments, and profit versus plan.  

Even though Tennant had an S&OP process in place prior to this research clearly defined KPI’s 

were lacking and data to measure actual performance was not available. Therefore Tennant should 

start by introducing a small number of critical KPI’s before expanding to a more elaborate list of 

performance metrics. It is important to note that Tennant focusses on customer intimacy rather 

than operational excellence. Thus, KPI’s need to be customer-focused rather than cost-focused. A 

good starting point to identify KPI’s is to review the definition of a (successful) S&OP process: 

“S&OP is the set of business processes and technologies that enable an enterprise to 

respond effectively to demand and supply variability with insight into the optimal market 

deployment and most profitable supply chain mix. S&OP strategies help companies make 

“right timed” planning decisions for the best combination of products, customers and 

market to serve (Wallace, 2006).” 

Firstly, KPI’s that measure demand and supply responsiveness are needed. Well-established 

indicators for response effectiveness are service-levels and lead-times. A clear distinction needs to be 

made between BTO and BTS strategies.  

Literature distinguishes two types of service-levels, type α and type β. For Tennant type β service-

levels are the most relevant KPI for BTS products. Type β service-levels describe the proportion of 

demand delivered from stock, otherwise known as the fill rate. This type β service level is more 

appropriate than a type α service level due to the event-oriented nature of type α service levels 

compared to the quantity-oriented nature of type β service levels. Due to high demand variability 

Tennant frequently receive big orders which will negatively impact type α service levels while type β 

levels remain mostly unaffected. Hence that by definition service level α < service level β 

BTO products of course cannot be filled from stock so for this strategy another KPI needs to be 

defined. The external lead-time described by Figure 10 will be the most appropriate KPI for a 

service-driven company like Tennant since this indicator is directly noticeable by customers. Apart 

from the external lead-time for BTO products, the internal lead-time is an equally important KPI for 

BTS products. Accurate data on internal lead-time is needed for high quality safety stock levels 

which in turn directly influence customer service levels. Moreover, internal lead-time also is a good 

indicator to track production efficiency. 

Furthermore every S&OP process relies on a sales forecast to make “right timed” planning 

decisions. As described in section 2.4 literature has established an elaborate list of performance 

metrics to describe forecasting performance and different demand distributions require different 

KPI’s. Based on the quantitative analyses it is recommended for Tennant to use the MAPE-metric 

as a KPI for commercial machines and the MAD-statistic for industrial machines. Even though 

tracking these KPI’s will be relevant, previous sections have shown that these metrics make no 

distinction between over- and under forecasting even though severe cost differences between both 
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scenarios exist for Tennant. Due to complex interactions between products and between subsequent 

planning periods such additional costs due to forecast errors are almost impossible to identify.  

Subsequently, a production plan is generated and resources are reserved accordingly. To keep a 

manageable number of KPI’s, Tennant should start by tracking a limited number of general cost 

parameters. The two most important parameters are cost of labor and cost of inventory. To create 

meaningful KPI’s those costs should be divided over the production output in order to compare 

performance of different periods.  

Naturally, other data such as the progress toward guaranteed production output needs to be tracked 

in order to effectively manage the process. However, such parameters cannot be classified as KPI’s 

since they are dependent on outside factors. KPI’s must be tied directly to management 

compensation and therefore they may not be influenced by factors that are not controllable. A 

complete list of data that needs to be tracked can be found in Appendix C. A complete list of initial 

KPI’s is listed next: 

 Type β service level/fill rate for BTS products 

 External lead-time for BTO products 

 Internal lead-time for BTS products and overall operational efficiency 

 MAPE-statistic for commercial products 

 MAD-statistic for industrial products 

 Cost of inventory/Turnover 

 Cost of labor/Turnover 

When the users of the S&OP process become more experienced this list of KPI’s can be extended. 

For example, cost of inventory could be split up in holding costs and transportation costs and cost 

of labor could be split up in regular labor and overtime labor. As time progresses KPI’s can become 

even more specific by for example allocating costs for rushed air-shipments toward either a 

forecasting error, a procurement policy error, or toward the sales team that specifically requested the 

rushed order. Also data for on-time shipments could be added. When on-time shipment data differs 

from actual service-levels and internal lead-times this would indicate inefficiencies during the 

shipping phase of the process. Keep in mind that interaction between KPI’s will occur and conflicts 

of interest between different business functions should be guarded for. This becomes increasingly 

difficult when the number of KPI’s rises which is why the number of KPI’s should be limited 

initially. 

This initial list of KPI’s is affected by a number of critical management decisions. As can be seen in 

the day-to-day production planning process of Figure 13 most of these parameters need to be set at 

the beginning of each month. Firstly the service level for BTS products and both the internal- and 

external lead time are directly affected by a management decision on production strategy. For this 

decision the model of Figure 11 can be used and the final decision is affected by the following 

parameters: desired service-level, demand rate, and product-volume, -price, and -criticality. A second 

model, represented by Figure 14, can be used by management throughout the month when changes 
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to the MPS are needed. Input parameters for this model are both short- and long-term forecasts, 

available capacity, and incoming sales orders.  

However, due to the customer-oriented nature of the process only few management decisions are 

needed and the process is driven mainly by the market since sales orders are a critical input factor 

throughout the entire S&OP. Since the process cannot be entirely controlled by management it 

becomes critical that the process is designed to be efficient and effective. Therefore the setup of 

clearly defined goals and KPI’s and the availability of accurate and meaningful data at the start of the 

process are essential. To illustrate, an accurate sales forecast has a significant impact on multiple 

KPI’s such as inventory and labor cost, MAD- and MAPE-statistics, but also impacts the 

management decision on production slot postponement/cancellation. In this case it is not a 

management decision but the availability of accurate data that is critical for S&OP performance. The 

fact that accurate data is equally important as correct management decisions holds throughout the 

entire process. 

What product characteristics influence production planning?  

Tennant produces a wide array of different products that all show different characteristics that need 

to be taken into account. For Tennant it is important to know what product characteristics are 

influencing production planning and whether these characteristics can be managed by Tennant to 

optimize production planning. The first product feature that is relevant for production planning is of 

course the assembly time required to finalize a product. Lists with average assembly times are 

currently available within Tennant and are used for capacity calculations. Assembly is an internal 

process and assembly times are therefore manageable by Tennant even though assembly time 

reduction was out of scope in this paper.  

The decision whether to use a BTO or BTS strategy is explained in Figure 11. This model uses 

multiple input variables that are product-specific. Firstly management freely chooses a desired 

service-level and safety-stock levels are computed accordingly using internal product lead-times. 

Hereafter input is needed on demand rate, and product-value, -volume and criticality. This enables 

management to create a qualitative safety stock even when quantitative formulas state that a safety-

stock of zero is optimal. 

Thus far, we described all product characteristics except one: customer- or external lead-time. Even 

though other product characteristics need to be taken into account, customer lead-times will have 

the greatest impact on production planning. Since Tennant is customer-focused sales teams do not 

communicate fixed lead-times toward customers but always communicate the earliest possible 

moment of delivery. The customer then indicates if they want to receive their order immediately or 

if more time is allowed for delivery. Since this decision is made by the customer Tennant has little 

influence on this characteristic. However, it would be highly beneficial for production planning if 

sales teams always arrange a maximum allowed lead time with customers. Tennant operates under 

the premises that clients always require their products as soon as possible but some customers might 

be indifferent to a later delivery date. Section 0 showed that optimal lead-time utilization can 

dramatically improve service-levels. 
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What outside factors influence production planning? 

Besides product characteristics there are also certain outside factors present that influence the 

production planning. The most important factor is the sales forecast which serves as main input 

parameter for the production planning. As stated multiple times throughout this paper; high-quality 

forecasts are critical for successful S&OP cases. Changes in the production plan during the month 

occur mostly due to forecasting errors but in some cases shortages on labor and material can cause 

production plan changes as well. Thus, suppliers of raw-materials influence production planning but 

with the introduction of the new procurement policies Tennant tries to increase material availability 

and mitigate supply-risk. In terms of labor Tennant relies on a highly flexible workforce consisting 

of permanent workers as well as a large and flexible group of temporary workers. For this reason 

labor shortages are not occurring frequently, however significant differences in both cost and 

efficiency are apparent between the fixed and temporary workforce. Even less frequently, for 

example during seasonal peaks, it might happen that certain workstations become overloaded 

regardless of labor availability. Therefore the capacity of assembly stations is another factor that 

influences production planning.  

The above explained reasons for changes in the production plan are all examples of physical 

constraints. Hence, changes in the plan were needed since producing more machines was physically 

not possible. Another factor that influences the production planning in a non-physical way are the 

long-term goals. At the beginning of the year every production plant guarantees a certain output. 

This goal will be monitored continuously and will in some cases, as explained in section 5.5, 

influence management decisions concerning production planning 

7.2 Recommendations for Tennant 

Through analysis of the current situation and with the use of an elaborate theoretical framework 

certain improvements to the S&OP could be realized. This section will state the most important 

recommendations for Tennant. 

1. Create individual but group-centric goals 

In the old situation departments would compete rather than collaborate with each other. Within the 

production department there was a lack of clearly defined KPI’s. As a result, this department could 

not be managed properly since production output was dictated entirely by sales teams. By creating 

individual but group-centric goals every department will have department-specific KPI’s while goals 

will ultimately benefit the company as a whole. Furthermore, dependencies between departments are 

always present and KPI’s and goals should be constructed in such a way that departments depend 

on each other to reach their goals but department-specific KPI’s are not affected by outside factors 

such as other departments.  

Think of the example where the goal of the production plant is to guarantee a certain production 

output, given certain pre-defined service-levels and costs of operations. The production plant 

depends on sales orders from sales teams to reach the guaranteed output levels. Now think of the 

possibility that sales teams require increased production capacity based on speculative orders while 
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real sales orders are lacking. Additional resources are reserved and operational costs will increase. 

When sales are realized these costs need to be allocated towards forecasting errors and costs should 

affect KPI’s of the production department. When sales are not realized and production capacity is 

mistakenly increased, costs need to be allocated toward sales teams and should impact their KPI’s in 

the form of decreased sales margins. 

2. Obtain data that is accurate and relevant for S&OP 

Apart from creating group-centric goals, information availability will improve synergy between 

departments. Currently every employee keeps his or her own set of data and every employee has its 

own way to obtain this data. Over time, large sets of important data have become inaccurate while 

other sets of data are irrelevant even though extensive time and effort is put in to obtain this data. 

Due to the lack of clearly defined KPI’s certain sets of critical data to manage S&OP performance 

were unavailable. Therefore it is recommended for Tennant to track only relevant data and improve 

data accuracy by focussing on this narrowed list of data. A list of all relevant data can be found in 

Appendix C. 

3. Utilize flexibility in customer lead-times to your advantage  

Because Tennant is a customer-oriented company certain flexibilities are lost. Short lead-times have 

enabled Tennant to maintain a competitive edge over time. However, many customers allow for 

lead-times that far exceed the standard lead-time used within Tennant. As can be seen in section 0 

this utilization of allowed lead-times will dramatically improve customer service-levels.  

7.3 Generalizability 

In this section the possibilities to extend the results of this research to other areas are explored. 

Tennant operates quite ordinary production plants and general literature on S&OP is applicable. 

However, demand rates are very volatile and total volumes are low in some cases which poses 

difficulties during sales forecast generation. Moreover, a hybrid BTO/BTS strategy is used between- 

and even within product groups to be able to offer a very wide array of configuration options. Such 

mixed strategies can be found in other companies as well but this leads to interesting dynamics since 

both strategies are sharing resources. Apart from unordinary demand rates and a mixed production 

strategy no anomalies with regards to a standard S&OP can be identified and therefore this report 

will be applicable in a wide selection of manufacturing environments. 

7.4 Conclusion 

This paper aimed to identify all critical success factors of the S&OP process within Tennant. The 

process was split up into separate components and the most promising areas for improvement were 

pointed out. New goals and KPI’s were defined to improve collaboration between departments and 

overall S&OP process performance. After goals are set in place, performance needs to be closely 

measured and accurate data is needed. In the past certain sets of data were not accurate while others 

were irrelevant for the process. In the new situation a limited number of metrics is defined so that 

only relevant data is tracked and accuracy is improved. Moreover, the S&OP process showed two 

main areas of improvement; sales forecasting and production planning. In the sales forecasting 
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process incorrect data was used for the statistical forecast and time, effort, and control were lost by 

changing the sales forecasts after management approval had been given. New software and accurate 

data are proposed to improve sales forecast performance and efficiency. Due to the customer-

oriented strategy the production planning showed rather inflexible characteristics. However, by 

utilizing customer lead-times in an optimal way service-levels can be significantly improved. 

Moreover, this paper proposes a model to support management decisions concerning BTO vs. BTS 

strategies. For BTS products an optimal formula for calculating safety stock levels is selected and a 

model (Figure 11) to select the most appropriate production strategy is proposed. Subsequently a 

new process is developed to manage day-to-day operations within a hybrid BTO/BTS strategy. 

Lastly, this paper proposes another model (Figure 14) which guides management in their decision on 

whether to postpone or eliminate empty production slots. 
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10 Appendix A 

 

Product Portfolio

Commercial Machines Industrial Machines

T2 T3 T5 5680 T7 T12 T16 6100 6200 S20 7300 8300 T20 M20



11 Appendix B 
 

Name Statistic Safety Stock  

MAD 
𝑀𝐴𝐷 =

∑ [𝑢𝑖 − 𝑥𝑖]𝑛
𝑖=1

𝑛
 

𝑠𝑚 = 𝑘 ∗ 𝑀𝐴𝐷 ∗ √𝐿𝑇 

TBM 

𝑇𝐵𝑀𝑛 =  
∑ [1 −

𝑥𝑖

𝑢𝑖
]𝑛

𝑖=1

𝑛
 

𝑠𝑡 = 𝑘 ∗ 𝑇𝐵𝑀𝑛 ∗ 𝑢𝑡+1√𝐿𝑇 

MAD_FETS 

𝐹𝐸𝑇𝑆𝑛 =  
∑ [

𝑢𝑖 − 𝑥𝑖

𝑛
]𝑛

𝑖=1

𝑀𝐴𝐷𝑛
 

𝑠𝑚𝑓 = (1 − 𝐹𝐸𝑇𝑆𝑛) ∗  𝑠𝑚 

TBM_FETS 

𝐹𝐸𝑇𝑆𝑛 =  

∑ [
1 −

𝑥𝑖

𝑢𝑖

𝑛
]𝑛

𝑖=1

𝑇𝐵𝑀𝑛
 

𝑠𝑚𝑡 = (1 − 𝐹𝐸𝑇𝑆𝑛) ∗  𝑠𝑡 

ST_DEV 

𝜎 =  √
∑ (𝑥𝑖 − �̅�)2𝑛

𝑖=1

𝑛 − 1
 

𝑠𝑠𝑡 =  𝜎 ∗ 𝑘 ∗ 𝐿𝑇 

 

 MAD   Mean Absolute Deviation 

 TBM   Time-Based MAD 

 FETS   Forecast Error Tracking Signal 

 𝑢𝑖   Forecast of period i 

 𝑥𝑖   Actual demand in period i 

 𝑛   Total number of periods being considered 

 𝑘   Service factor multiplier 

 𝐿𝑇   Lead-time 

 𝑠   Safety Stock 

 𝜎   Standard Deviation 

 �̅�   Average Demand 
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12 Appendix C 
Document Data Explanation 

Sales Order Creation date External Lead-Time 

Requested delivery date 

Group code Identify product group 

(T2,T3) 

SKU code Identify SKU (MV-T3-0007)  

BTO code 1 common SKU-code for all 

BTO items within product 

group 

Production Order Link to sales order To identify current gap 

between sales and production 

orders 

List of used materials To accommodate SKU 

forecasting in the future 

Start Production Date Internal Lead-Time 

Load Date 

Sales dept. influence To communicate costs to sales 

departments when order will 

not be closed 

Capacity Max Daily capacity For decision on slot 

postponement 

Regular labor costs  

Overtime labor costs  

Forecasts Forecast per product group Forecast on both levels to 

benefit from negative 

correlation between SKU’s 

Forecast per SKU (within 

group) 

Inventory Management Average inventory value  

 Cost of Air-Freight  

 Cost of Road-Freight  

 

 
 


