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Abstract 

In this research, we investigate the Inventory management and logistic handlings in the solar business. It 

was conducted at Ballast Nedam Solar. Several authors emphasises the importance of to have structure 

to save costs and increase service in inventory management and logistics. In this report, an inventory 

management model based on theory has been developed to obtain required results of the stock keeping 

units.  

The main results are that the use of a tool is that the inventory management tool is created to give 

inventory levels and information about costs as result. The demand forecasts and costs data are input of 

the tool and give the right information about stock keeping units. The first comparison between as-is 

and to-be situation show a reduction of 36 % in the total relevant costs. This results in competitive 

Photovoltaic system industry costs and higher attractiveness of sustainable energy sources. 
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Management Summary 

Introduction 
 

Ballast Nedam Solar observes the costs are high for inventory management and the company need to 

cancel installation meetings because components are not available. The company has the responsibility 

of the logistics over the main components of Photo Voltaic system and the research has focused on 

these stock keeping units. First is described the current situation is analyzed as the starting point of the 

research. The information about the process is the required data about the creation of the model for the 

different stock keeping units.  

Steps taken 
 

All the investigated data and literature high light the need for a tool for inventory management. The tool 

is build for the point of view that it is satisfy service level and acceptable costs but it will use literature 

and the available data. In the first section, the main characteristics of the model are the service level and 

the total relevant costs and set up control of an inventory management system.  

This tool calculates automatic the required inventory levels for the different stock keeping units. The 

solution is built on the As-Is cost structure situation. The problem is build up in several steps to make it 

easier for the project to come to the best results. The tool connects and brings all the steps together for 

the optimal solution depending on asked criteria.  

First, the forecast is made for the next year and the forecast depends on historical data and expectation 

from managerial meetings. The forecasts are the basis to set up the inventory management tool and the 

set up generates the key performance indicators (KPI) requirements. The KPI’s are the basis of the 

model and this makes it possible to monitor. 

Conclusion 
 

In this research, we investigate the Inventory management and logistic handlings in the solar business 

and it was conducted at Ballast Nedam Solar. Several authors have shown the importance of to have 

structure to save costs and increase service in inventory management and logistics. In this report, an 

inventory management model based on theory has been developed to obtain required results of the 

stock keeping units.  
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Research question 

How should an enterprise organize their logistics and inventory management? 

In this research, the need for an inventory management tool is coming from the research question. The 

current situation in the company is studied and the main characteristics and assumption are made for 

the possible model. From the literature, an inventory management tool is to develop as solution for the 

problem. The main rules for the problem are to set up basic order levels and order quantities. All the 

inventory management policies are studied and all the information in the company is studied. As result 

of it the management tool is made and the tool gives us nice results.  

Replenishment policies Costs yearly 

Option 1: Order-Point, Order-Quantity, (s,Q)  € 128.485 
Option 2: Base stock policy € 126.816 
Option 3: Periodic-Review 1, Order-up-to-level, (R,S) € 140.418 
Option 4: Periodic-Review 2, Order-up-to-level, (R,S) € 150.398 
Option 5: Lot for Lot  € 144.555 

 

The five different replenishment policies are calculated in the management tool. The results show that 

the base stock policy is the best policy to determine the re order levels and the order quantity. The 

reason for that is that the costs in that policy are lowest with a service level 99 % and the results are 

presented in the table. 

 In this situation, the replenishment strategy is optimal if the replenishments are checked every week. In 

the case of a review period of one week, the structure in the model is optimal. To follow the strict 

periodically review of every week makes it possible to combine different orders to the different 

installation partners. These combinations define full truck loads and the full truck loads means lower 

transportation costs in the system. The case study showed that the as-is results are compared with the 

model are more expensive.  As conclusion, it is better to implement the tool to structure the inventory 

management and the logistics; this creates an optimal balance between service level and costs. 

The tool has influence on the different departments in the company because the operational level is 

more structured. The employees know what to do when the demand is changing or when a new 

forecast is made. A new forecast is made every two or three months or the management has sales 

knowledge about future demand the frequency of new demand forecasts are higher. The changed 

forecast can change the inventory policy if it is better in that situation. The sensitivity analysis checked 

the influence of fluctuations on the system and it holds for the tool. The lead time, demand, holding 

costs and service level were subject of the sensitivity analysis 

Moreover, the conclusion is that the tool decreases the costs with 36 percent for the company. This 

number is proven by case study comparing with historical data of Ballast Nedam Solar. This cost 

reductions is important for PV systems and that is off course good for the attractiveness of sustainable 

energy a source. 
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Recommendations 
 

As recommendation, the management tool will be implemented to save costs as the base stock policy is 

implemented. Also a recommendation is to hire an employee who has the total responsibility in the 

company for all the logistical handlings and the inventory management tasks. The spreading of the 

inventory management tasks over the different employees requires clear communication about all 

specific tasks. This recommendation gives overview in the company about responsibilities and structure 

of how to work. 
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1 Introduction 
 

In Netherlands, solar photovoltaic technology (PV) has been around for a long time. This potential was 

the subject of serious academic assessment in the 1950s, around which time it was already being 

applied as a power source in the space industry (Bhubaneswari ,2011). Since the oil crises and increasing 

environmental awareness of the 1970s, it has been a staple in future energy scenarios and visions 

among science, business and policy actors alike. In 1990, the Dutch government hailed solar PV as ‘likely 

the most important renewable energy source after 2010’ Ministerie van Economische Zaken (1970) 

Indeed, over the past few years many international studies have reported on drastic price reductions, 

booming markets and flourishing industries (Dincer, 2010). This trend was also observed in the 

Netherlands in the recent years and CBS (2012) describes that the installed capacity has doubled in each 

of the last two years (2011 & 2012). The expectation of the Dutch government is that this growth will 

continue over the coming years.  One of the installation companies in the market is Ballast Nedam Solar. 

 

1.1 Ballast Nedam Solar 
 

Ballast Nedam has a leading position in building industry and infrastructure. Ballast Nedam fulfils 

integral projects for companies, public authorities and housing consumers and especially in the 

Netherlands active in the fields of mobility, housing, employment, leisure and energy. Ballast Nedam 

International Product Management (IPM) is a specialist in the field of energy. Ballast Nedam IPM 

specializes in installation techniques for the purpose of energy facilities and mobility. This company 

serves turnkey projects for their clients in niche markets. One of the niche markets in energy is the 

market of PV systems. PV systems are installed by Ballast Nedam Solar (which was founded in 2012) and 

the role of BN Solar in the company is visualized in Figure 1.  

 
 

Figure 1 Structure of Ballast Nedam Solar within Ballast Nedam 

Ballast Nedam 

Bouw & 
Ontwikkeling 
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1.2 Research Motivation 
 

Ballast Nedam Solar provides the whole process from design to realization of a PV system. During the 

installation phase of the PV system, all the different components of the system are installed together. 

The management of the logistic proceedings has influences on the total project realization. In Solar 

department, there is a need to improve the inventory management and logistic operations. Ballast 

Nedam Solar is growing rapidly and expected to grow in line with the Dutch government strategy to 

focus more on sustainable energy. The origin of the problem came from the struggling of Ballast Nedam 

had during their operations about the inventory management and the logistics.  In the growth phase of 

the company, Ballast Nedam Solar feels the need to improve the operations of the company and 

continuing the growth of the company. The focus of the project is to set up and to improve the logistics 

part of the operations in the company. The PV panels, inverters and mounting materials are the most 

important components and these components need to have a logistic plan. At this moment the different 

components are ordered by using expected demands. The interpretation of employees about the 

expected demand and the safety stock level are the guidelines of the order policy and inventory 

management. The experience of the company learns that it is not optimal. The lack of the existence of a 

model and methodology are the main reason to do research in detail on inventory management and 

logistics.  

1.2.1 Introduction 

In this company, logistics are an important part of the operations and therefore a good fulfillment is 

important. In this part, there is an analysis of the actual status of the logistics in a PV systems provider. 

Figure 2 shows a schematic of the different important components of a PV system. The important 

components of PV systems are PV panels, electrical inverter and mounting material. The PV panel 

converts sunlight into electricity and these panels are fixed to a roof with a mounting material. To use 

the electrical energy, the electrical power needs to be inverted from DC power to AC power by the 

inverter. First we have a quick and brief explanation of the situation. The PV panels are manufactured in 

the People’s Republic of China (China) and shipped to the port of Rotterdam or the port of Antwerp. 

After the shipment, a logistics partner picks up and checks the components visually. This partner ships 

the panels to the installers just before installation of the systems. The distribution centre of the 

inverters is in The Netherlands and the different inverters will be ordered based on the expected 

installed projects. The inverter and the PV panel represent 55 % of the total costs of PV system and the 

set up of cost is showed in Figure 3. The supplier of the mounting material also has a distribution centre 

in the Netherlands. The required materials are delivered for multiple projects to the different installers 

and they have small installation material in their own inventory. Figure 5 shows a schematic view of the 

logistics chain. 
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Figure 2 PV system model (Source: http://pvdepot.com/blog/on-grid-solar-panel-systems/)

 

Figure 3 Cost distribution PV system 

1.2.2 Distribution Centre 

After arrival in the port, the logistic partner picks up the containers and transports the containers to 

their distribution centre (DC). In case a manufacturer (PV panel manufacturer) has a warehouse in the 

port then from there the logistic partner picks up the components on pallets. In the DC, the partner 

checks the materials visually on defects and counts the amount of components. Furthermore, the 

fulfillment of the clearance of the PV panels and the inverters is done and this partner accomplice the 

required the administrative tasks. The pallets are stored in the DC for a time period and the client pays 

carrying costs. The logistic partner delivers the necessary components to the 10 different installation 

partners at the moment when the components are required. For large projects, PV panels can be 

delivered straight from the port or DC to the installation site. The other components are the mounting 

material for the projects. These products are ordered by the supplier of the inverters and the supplier of 
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the mounting materials in the Netherlands and the suppliers deliver the components with a lead time of 

a few days to the installer.  

 

 

Figure 4 Location DC and installation patterns 

1.2.3 Installation Company 

The installation company has different suppliers to receive all the components. The important 

components (PV Panels, inverters and mounting material) are ordered and delivered under control of 

Ballast Nedam Solar for the systems. Therefore Ballast Nedam is responsible that all the components are 

available on the installation date. The installer has, in this situation, the responsibility to take care of the 

electrical cables and such components.  

1.2.4 Location site of the PV system 

The task of the installer is to install the PV system safely, correctly and on time. Therefore the different 

components need to be delivered on time so that the installer can follow a fixed installation schedule. In 

the case of a large solar system project, the logistic partner delivers the amount of materials for one 

project to the installers. The total logistic chain is visualized in Figure 5. 

1.2.5 The role of Ballast Nedam Solar 

Ballast Nedam Solar manages all projects and has the head responsibility of the supply of the PV system 

components. Ballast Nedam Solar acquires all the different projects and this gives data of the expected 

amount of projects and the required components. On the basis of the data, Ballast Nedam Solar controls 

the operations from the different suppliers to the installation partners. Ballast Nedam plays the most 

important role in making the project a success.  

DC 
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Figure 5 Schematic view of the Logistics chain 

1.3 Report outline 
 

The remainder of the structure of the report is as follows: In Chapter 2 the literature of the logistics is 

discussed and followed by the description of the problem is made and the research question is written 

in Chapter 3.  In Chapter 4, the data of the project which is required is explained and analysed. Later 

Chapter 5, the relevant literature and the suggested models will be executed.  In Chapter 6, the results 

of the project are listed and finally, the conclusions and recommendations for Ballast Nedam Solar are 

given in Chapter 7. 
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2 Literature review 
 

Heavier competition, lower margin levels and globalization require higher efficiency in the entire 

installation business. It starts by the order handlings and it ends by services activities.  

2.1.1 Inventory management 

 

Chen (2007) emphasises that traditional inventory models focus on characterizing replenishment 

policies so as to maximize the expected total profit, or equivalently, to minimize the expected total cost 

over a planning horizon. In a business company, the whole chain has influences on the effectiveness of 

the operations by the suppliers, the logistics providers and the installation subcontractors. In this 

situation, Andersson (2010) explains that multiple companies are obliged to change their focus from 

optimizing their own business to plan for the benefit of the whole chain. The biggest competition is 

about the whole control over the supply chain of businesses. The business who organizes the supply 

chain management the best has the biggest advantage against competitors.  

Each business manages material flows and inventory levels differently. The literature discusses several 

supply chain and inventory management concepts. Mentzer et al. (2001) define supply chain 

management as the systemic, strategic coordination of the traditional business functions and the tactics 

across these business functions. This is within a particular company and across businesses within the 

supply chain for the purposes of improving the long-term performance of the individual companies and 

the supply chain as a whole. 

The importance of inventory management is explained by See (2010), good inventory management has 

hence become crucial to businesses as they seek to continually improve their customer service and 

profit margins, in the heat of global competition and demand variability. Inventory management has 

multiple reasons and functions. The most important reasons to have inventory are to meet the 

customer’s demand and to protect against stock-outs. The uncertainty of demand rate are an important 

occasion that stock-outs arise and to avoid stock-outs a good demand forecast and actual status of the 

inventory are important. The two main objectives of inventory control are to balance level customer 

service and the total cost of ordering and carrying inventory. This is always a trade off between different 

objectives in an organization.  

In recent years, the inventory management systems have become more important to improve the 

control of inventory and follow the trend of digitalization of the business. The inventory management 

system has to automatically monitor inventory amounts, provides information concerning inventory and 

decides if an order for replacement inventory should be placed. These systems use inventory level 

calculations as basics for the total system. 

These systems have a different basis, to manage the inventory. The management of a company has the 

opportunity to decide on which basis the company will organize the inventory management tool. Overall 

the management of the business, first debate with the management tool provider the different basis 
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solutions for inventory management. In general the availability of information about the inventory and 

the possibility of selecting data give the best characteristics to select a basic inventory management 

method. After this decision, the inventory management tool can be implemented by the company who 

it requires.   

After the implementation of an inventory management system, the next phase will be using  the system 

and from this stage other affairs become important. The control of the system is one of the changing 

important factors. To trust the inventory management system it is important to have a reliable control 

system. One of the solutions to trust the system is to use a measurement function for the inventory 

management system/ supply chain management system. Beamon (1999) explained several performance 

management criteria. These key performance indicators give the opportunity to control the working of 

inventory management and the indicators suggest improvements to control the inventory.  

In this part, the explanation of control the inventory management system is made. Measuring the use of 

resources, especially cost, has also been identified as an important part of the supply chain. Many 

strategic goals of organizations recognize not only the importance of minimizing resources, but also the 

overall importance of the output of the system.  Additionally, ignore the effects of uncertainty on the 

supply chain results in a system that is unable to adapt to future changes. 

Hiel et al. (2011) described, warehouse management systems are traditionally highly optimized to a 

specific situation and do not provide the flexibility required in contemporary business environments. 

Agents are advocated to provide adaptiveness and flexibility, and have been used to solve specific 

problems in the warehouse logistics domain. However, for creating a general warehouse management 

system, it is not clear for developers how and when to implement them. 

Therefore, a supply chain measurement system must place emphasis on three separate types of 

performance measures: resource measures (R), output measures (O), and flexibility measures (F). In line 

with Beamon (1999) is the goal for the resources to have a high level of efficiency and the output has 

the goal of a high level of customer service. The goal of a performance measure of flexibility is the ability 

to respond to a changing environment and not only correspond to the organizational changing but also 

to customer’s goals and values.  
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Figure 6 the supply chain measurement system Beamon (1999) 

In Figure 6, the supply chain measurement system is visualized and the measurement system must 

contain at least one individual measure from each of the three identified types. In line with Beamon 

(1999), in this part the important measurement criteria are explained. The resources are measured with 

mainly the different costs and the return on investment. Performance output is measured on sales 

volume and the different service measurements. Service measurements are duration time, service 

correctness and availability of deliverables. The last of the three mandatory measurement criteria is the 

flexibility and that is measured by reductions in numbers and the ability of respond.  

In general, inventory management is important for the business operations. The business will be 

continued involved during the process in inventory management. The inventory management system is 

important to improve the overview of the inventory and increase customer services. In the future to 

improve the service level and improve profit margins, it is important to analyze and measure the 

inventory management system. 

2.1.2 Inventory control 

 

In the case of monitoring and controlling inventory it is important to have an optimal strategy to 

manage inventory levels. The control of inventory in the different stock points depends on the control 

system and the replenishment strategy. The first step is selecting a method of reviewing the demand 

forecast and the actual inventory position. We discuss optimal replenishment strategies according the 

known process information next. 

Control system 

The control moments of the inventory will be continuous or periodical. In the case of a continuous 

review, the model analysed inventory levels and when the stock level is below the stock level s the stock 

will be replenished. In the case of a periodical review, the inventory is controlled on a fixed time period 

and on this time period the replenishment is selected. The main control systems are listed on the next 

page.  

R 

F O 
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1. Option 1: Order-Point, Order-Quantity, (s,Q)  

2. Option 2: Base stock policy 

3. Option 3: Periodic-Review 1, Order-up-to-level, (R,S) 

4. Option 4: Periodic-Review 2, Order-up-to-level, (R,S) 

5. Option 5: Lot for Lot 

The different policies have all specific characteristics and are widely explained in several important text 

books and one of the books Silver et al. (1998). In the Figure 7, the not predictable demand has the 

influence on the inventory level as showed. The first policy has a selected re order level with an optimal 

order quantity. The second policy has the option to be re act on different consumption levels and always 

order up to a set level if the inventory level is below an order level. The base stock policy is the policy to 

be an optimal re order levels and quantity in comparing in relation with out of stock costs. The two last 

policies are based on a periodically review of the inventory levels. The difference is between the order 

up to level or an order up to level depend on a re order level. Later in the document the policies are 

explained in more detail.  

 

Figure 7 Inventory levels 

 

Replenishment strategy 

The replenishment strategy is dependent on the situation and the available information about the 

demand forecast. The different replenishment strategies are explained by Silver et al. (1998). The 

selection of a control system and a replenishment strategy is a complex and important decision in the 

inventory control. The first major decision is to select a control system that fits with the inventory 

management principles of the organization. The most accurate inventory level is when the system 

continuous controls the inventory level but in the case of semi automatic system a periodical inventory 

monitoring is used. The second selection of the replenishment strategy is more dependent on the costs 

of inventory and the reliability of the demand forecast. The reliability of the demand forecast depends 

on the frequency of updating the forecast and the available new project information. The lot for lot 

replenishment strategy can be used in all the replenishment situations however in most cases this is the 



Master thesis R.P.H. Jochems  
 

- 20 - 
 

most expensive replenishment strategy.  Silver et al. (1998) describe in more detail less expensive 

replenishment strategies although these replenishment strategies are not achievable always because 

the nature of the demand forecast. 

2.1.3 Literature Gap 

 

The literature explains several ideas about what is possible about inventory management and logistics in 

businesses. The specific ideas are very useful for a lot of industries. In the booming business of the solar 

market as explained in the first paragraph and the importance of the business is growing. It is important 

to combine current literature about inventory management and new ideas to capture problems with 

inventory management and logistics by PV companies.  The general ideas for inventory management are 

a useful start point but it is important to combine to specific other industries to improve all the 

industries. In literature, different types of industry have their own specific logistics to create a 

competitive market advantage and one of the know industry is the automotive industry.  
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3 Problem definition 
 

3.1 Research Methodology 
 

The methodology of the research is the regulative cycle described by (van Strien, 1975). This model is 

comparable with the three step method (van Aken, Berends, van der Bij, 2007). The whole methodology 

is set up to solve the problem definition of a project. The first phase is the design phase (steps 1-3) and it 

includes the problem definition, diagnosis and the design. After the design phase, the change phase 

(step 4) implements the design of the project. The third phase is the learning phase and it learns about 

the new system.  First the problem is defined by an observed problem or analyzed problem. 

 

Figure 8 Van Strien (1975) The Regulative cycle 

The first steps of the research is the problem definition, in the chapter 1 is explained the research 

problem about the logistics in a PV system installation company. The project has the objective to 

increase service level and the control level of the logistics and decrease the costs of operating.  In the 

second step, the diagnosis is the analytical part of the project. The design step (step 3) is a design 

solution for the problem and the associated change plan. Most students’ research is limited to the first 

three steps Van Aken et al (2007). In the intervention step, the work is changed to a solution design and 

change plan. The last step is important to measure the performance improvement and this is done by an 

evaluation. 

  

1. Problem 
Definition 

2. Diagnosis 

3. Design 
4. 

Intervention 

5. 
Evaluation 
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Ballast Nedam Solar wants a logistics model so they can implement it and improve their operations to a 

high professional level. This model will be based on academic standards and innovative ideas. The 

concerns of the management are described by the management research question hierarchy of 

Blumberg et al. (2005). The most important steps of the hierarchy are explained in this chapter.  

3.1.1 Background 

In the current situation, Ballast Nedam Solar is the head coordinator of the logistic operations for all the 

projects. Ballast Nedam Solar is a growing business and therefore the amount of logistical tasks is 

growing because the increasing number of installed systems. Besides, in the organization spends more 

employee time to fulfill the relevant tasks about the logistics and inventory management. This 

combination of factors has the manager’s interest and that is the occasion of the research dilemma. 

The management in the organization recognizes the symptom that they lost the total overview about 

the inventory management. In current situations, employees do not know what the current inventory is 

or when to order new components. Likewise the management of Ballast Nedam Solar has concerns 

about the optimal inventory levels and they will have more structure and improvements for the 

logistical operations. Briefly, the manager’s interests are formulated in these questions:”What is 

possible to improve the control over the logistic chain?” and “What kind of logistics model can stimulate 

or follow the growth of the company?” The segment of the market is a general market because the PV 

industry became an important business. 

3.1.2 Research question 

 

The management interests can be transformed in a research question. 

The research question is: 

 

 

The research question has a specialization on the logistic operations and inventory policies in the 

process. These operations have broad and wide viewing spectra about logistics policies. The research 

about this topic will start with analyse over the current status of the model and the limitation of the 

system are set up. Later in the research period, the new model is made.  

  

How should an enterprise organize their logistics and inventory management? 
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These questions are a useful guideline to answer the total research question and these questions reveal 

the specific pieces of information that the researcher feels he or she needs to know in order to answer 

research question. The next summation explains the different investigative questions. To solve the 

research question the following sub questions are a useful starting point to answer the entire research 

question. 

 Which inventory management policy is the best for the main components? 

 What is the best order policy? 

 Which logistics model can be implemented in this company and which software tool can be 

used? 

The first question is about how to manage inventory and based on an inventory policy and service levels. 

The second question is an order policy to order the system components. To implement the model will be 

answered by the third question. The implementation of a logistics model can influence different 

departments and it is important to improve the total benefits of the total company. 
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4  Data Collection 
 

In the problem definition of last chapter we discussed the importance of a tool to improvement 

inventory management and logistics. First it is important to select the optimal re-order strategy and 

inventory stock policies. To answer the main question, the current settings of the inventory and logistics 

costs are analyzed. In this chapter all the data for the solution of the model are generated. In the second 

chapter, the regulative cycle is described by van Strien, (1975). The required data is gathered and 

different inventory models are set up into a tool with the literature. To create the tool, the data in Table 

1 is required to get.  

Table 1 Required data 

Required data Analyzed data 

Demand PV systems Current logistics model 
Demand system components Inventory stock policies 
Cost inventory Inventory levels 
Cost ordering  
Cost transportation 
Lead times  
BOM(Bill of material) system 

 

4.1 Bill of Material 
 

To select the optimal inventory management tool it is important to have these data:  demand, costs and 

lead times. First the data about forecasted demand is required. This data gives information about the 

demand of the project and the influence of large tenders on the demand fluctuation. The demand is the 

sold PV systems to customers. The bill of material (BOM) constitutes the heart of many current 

information systems for production and inventory control explained by Hegge (1991). The BOM is 

important to obtain the demand of the different components from the aggregate forecasted demand 

and data about current realized projects. These forecasts give data about the expected demand in the 

future and the average results of the actual projects are input for the distribution of the different 

packages of PV systems. In the Table 1, current demand data is analyzed about the PV systems. In 

current situation, Ballast Nedam Solar expect to sell 2000 PV systems and are installed by 10 installation 

partners. The BOM of an average system consist of 12 panels and 1.07 inverters. The company has two 

types of panels and the common panel is the Poly within 84 percent of the sold systems. Moreover in 

Table 2, the percentage of the different inverters is described.  
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Table 2 Current setting PV projects 

 

 

 

 

 

 

 

 

4.1.1 Demand forecast 

 

The different demand patterns are obtained by sales data about the sold PV systems. All the different 

installation partners have their own region and the different regions all have specific characteristics 

about demand for PV systems.  The accuracy of the data is limited because Ballast Nedam Solar is still in 

the rapid growth phase. The data from a starting-up phase is based on limited historical data. The 

expectation by the management is that demand is higher in the spring because PV systems generated 

the most power during the summer because more energy production. So consumers will buy the 

systems before the summer in this time of the year. This has an influence on the reliability of the sales 

data and the accuracy of the required data with as reason most data is generated from the spring. In this 

situation, the demand information is the starting point of the inventory model. In Table 3, the demand 

pattern of the different installation partners is summarized for the PV panels. The demand patterns for 

the other components are in the Appendix 9.1of this document. The different installation partners have 

different demand patterns and all the demand patterns are determined with @Risk in Excel. In Table 3, 

the demand distributions of all the installation partners are calculated with the software tool @RISK and 

Uniform and Normal distribution fit the best with statistical rules. 

 
  

Variable Value 

Installation partners 10 
Distribution centre 1  
Expected installed systems 2.000 per year 
BOM  
Average panel size system 12 panels 

Average amount of inverters per system 1,07 inverters 
Type of panels 
Distribution panel choice 

Poly and All-Black 
84%, 16% 

Type of inverters 
Distribution type of inverter 

1,6kW, 2,3kW, 3,0kW, 3,4kW, 4,0kW 
10% A, 34% B, 25% C, 24% D, 6% E 

Different brands components 2-3 



Master thesis R.P.H. Jochems  
 

- 26 - 
 

Table 3 Demand forecasts PV panels 

Installation partner Distribution Lower level Upper level Mean  Standard 
deviation 

1 Uniform      0 225   
2 Uniform 0 224   
3 Uniform 0 103   

4 Normal   91 42 
5 Uniform 0 117   
6 Normal   104 130 
7 Uniform 0 109   
8 Uniform       0 166   
9 Uniform 0 221   

10 Uniform 0 189   

 

4.1.2 Costs  

 

The costs occur in some cases only once in the process as handling and transportation costs. Other costs 

are dependent on the time spent in the process, such as holding costs. In the current situation, the 

holding costs in the main distribution centre are included for the first week and after the first week: a 

weekly fee is paid over the current inventory levels and it is € 1,20 per week per pallet. The costs of 

ordering a container is € 620 to bring the container to the distribution centre.  At this moment Ballast 

Nedam Solar does not pay holding costs for holding Inventory at the installation partner’s location. In 

this research project, holding costs are based on. In the case, the assumption is not made, it would be 

possible to have an unlimited free stock location and this implies free rent for stock locations. To make a 

conservative assumption about the size of the holding costs is selected the doubled amount of costs as 

at the distribution centre. In general, the highest holding costs are paid in the downstream locations of 

the supply chain. The holding costs per pallet per week are selected from the current distribution of the 

main client. All the separate costs are summarized in Table 4.  

Table 4 Costs variables 

 

  

Costs Variable Value Quantity 

Order cost DC ADC € 620  [container] 
Holding cost DC hDC € 1,20  [Pallet/week] 
Order cost installer Ai € 79 [Order] 
Holding cost installer hi € 2,40  [Pallet/week] 
Transportation costs ai € 25  [Pallet] 
Handling cost DC hcDC € 7,50  [Pallet] 
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5 Model 
 

In this research project, the problem of Chapter 3 will be solved and the literature suggested an 

inventory management tool. The invested data of the last chapter gives a good starting point to solve 

the problem.  

5.1 Introduction 
 

The solution is build for the point of view that it is satisfy the requirements but it will use literature and 

the available data. In the first section, the main characteristics of the model are set up and control of an 

inventory management system.  

This solution calculates automatic the required inventory levels for the different stock keeping units. The 

solution is built on the as-Is cost structure situation. The calculation tool is the result of tackling the 

defined research problem. The problem is summarized in several steps to make it easier for the project 

to come to the best results.  

First, the forecast is made for the next year and the forecast depends on the hand of historical data and 

managerial expectations. The forecasts are the basis to set up the inventory management tool and the 

set up generates the key performance indicators (KPI) requirements. The KPI’s are the basis of the 

model and this makes it possible to monitor. 

The tool has an input sheet with some restrictions (KPI’s) for the tool. The actual situation of the 

problem is loaded in and this gives the calculation tool the input and together with the requirements the 

tool calculates the results. The tool gives as output all the information about the replenishment strategy 

and the involved costs are visualized. 

 

Figure 9 Management tool 

Input: 

-Demand 

-Options 

Management 
Tool 

Output: 

-Costs 

- Inventory 
Level 

Data 
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The management tool can be described as showed in Figure 9. In the left box all the different input of 

the current inventory positions and the forecasted demands are given in. That is the starting point of the 

tool and later the management tool will calculate and set up optimal cost structure with the data in the 

tool. As result of the management tool generates the tool all the inventory levels and re order levels. In 

Appendix 9.2, the screenshot of the tool are there. 

5.1.1 Input 

 

This is the starting point for the tool has all the criteria as the forecasted demand and expectation in the 

coming weeks and months about all the components. The management can select for several options 

and that give the methodology what they need to choose in the coming weeks. As example, the 

company can select the demand fluctuation, demand variation fluctuation, review period, service level 

and if the service level is fixed or will be calculated by the tool. 

5.1.2 Management tool 

 

In the tool, after the input is loaded in and the management selected all the criteria, it starts working for 

the company. All the policies have their own cost structure and this will calculated with the formulas 

which are showed below. These calculations are general for all of them and specific calculations of each 

policy can be extracted from (Silver et al., 1998). The tool used the information from the data to come to 

right cost level. 

Replenishment costs, carrying costs and stock out costs: 

[2]               

       
       

 
  

 

 
          

   

 
      

  
     

  
  

  

 
           

    

  
     

 

   

 

Economic order quantity: 

[3]              
      

  
 

Restriction order quantity: 

[4]                  

Re-order level: 

[5]                       
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Safety stock: 

[6]              
   

5.1.3 Data 

 

The data is the background of the tool and all the information is collected in Chapter 4 are loaded in the 

database. It is important to think about the holding costs, stock out costs and transportation costs. In 

the situation if the company has higher of lower cost structure the data of the tool is updated. After the 

update, all the costs have new values and that influence the best policy as well. 

5.1.4 Output 

 

The output of the model is showed in Appendix 9.2 and as most important the lowest costs will 

generated with the given restrictions. First shows the costs in the different stages as the DC and at the 

installation partners. Also the inventory management structure is given which size need to be order and 

what the costs are involved with that. 

5.2 Variables 
 

The model is mostly based on the different inventory policies and the replenishment strategies. The 

different theories will be explained and the reasons to select or not select will be more specified. 

Moreover, the total costs of the different elements are assumed and so the total cost can be 

determined and the results will be visualized.  

Model 

The basic model for an inventory replenishment model is based on the relevant costs. The total 

expected relevant costs are the replenishment costs, carrying costs and costs of stock out. The objective 

function is to minimize the total expected costs and that is the most optimal situation for this inventory 

problem.   

These equations (Silver et al., 1998) are the basis of an inventory problem and the equations are for 

standard inventory problems. In a complex situation as this inventory problem, the functions will be 

extended to a complex model but these equations are a very good starting point. In the Table 5, the 

different variables for the model are explained.  All the installation partners are from 1 to n and in total 

in this thesis are 10.  
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Table 5 Model variables 

 
 
 

 

 

 

 

 

 

 

 

 

 

 

Model creation 

Ballast Nedam Solar requires a service level of 99 % and that result in a maximum stock out level of one 

percent at the installation partner inventory holding position. The model will be based on the optimal 

inventory holding policy. The model will have different options which are based on inventory policies. 

The selection will depend on the requirements of Ballast Nedam Solar. Furthermore, the company 

required the lowest cost for the mandatory service level and a low level of inventory. The lowest level of 

inventory results automatically in a lower amount of working capital. Additionally, the model is 

compatible with software tools which are used by Ballast Nedam Solar and Eindhoven University of 

Technology.  

The first step in research will be on the different order policies and inventory management policies. 

These policies are a mix of different inventory policies and some examples are base stock policy and the 

newsboy. The expected replenishments costs are the expected replenishments per year multiplied with 

replenishment costs. The expected carrying costs are the expected on hand stock multiplied with 

carrying costs. The expected stock out costs are based on the expected number of replenishment cycles 

per year, the probability of a stock out per cycle and the cost of stock out. The expected total relevant 

costs are explained in formula [1]. 

Variable Value 

Stock point DC SDC 
Stock point installer Si i=1…n 
Lead time DC LDC 
Lead time installer Li i=1..n 
Demand installer D i ,i=1…n 

Demand DC DDC    
 
    

Re-order level DC RDC 

Re-order Installer Ri ,i=1..n 
Re-order quantity Qi 

Max level inventory Smaxi i=1..n 
Order cost DC ADC 

Holding cost DC hDC 

Order cost installer Ai 

Installers n 
Holding cost installer hi 

Safety stock DC ssDC 

Safety stock installer ssi i=1..n 
Replenishment cost    
Carrying cost    
Stock out cost    
Expected total relevant costs      
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Expected total relevant costs:  

Replenishment costs, carrying costs and stock out costs: 

[1] min               
 
  

Implementation 

The implementation of the logistics model has influence on several departments in the company. The 

operational department will have the most advantage because the structured method of working on this 

department. Also the financial department has positive modifications for the reason that it is more 

automatic and reduces the turnaround time of the financial process. Another way of looking to the best 

method is to the select extreme scenario’s and compares this with expected results during the project.  

Further another important factor is the price variation of the different components on the model so this 

also influence the results of model and can be a good starting point for the sensitivity analysis of the 

model. But the problem is the uncertainty in the system or the problems about some order deliveries. 

This can be done in the system by using a method of price variation over a period of time. The 

expectances will be compared with the influences of the variations on the end results. The end results 

give a good overview of the new possibilities in the future if there are interesting results of the projects. 

These results give at the end of the period the best possible method for new investigations is this 

academic field of demand forecasting depending on the costs. This will be the basis of all the different 

sub questions.  

5.3 Inventory policies 
 

An inventory management system has the possibility to work for the client. This has some requirements 

and restrictions before the system will work good. The first restrictions are to control and monitor the 

actual inventory levels and the flow of goods. As result, first all the inventory levels will be checked and 

the information is stored in the inventory management system. After the monitoring of the inventory, 

the inventory is real time controlled or periodically and then replenishment moments will generate 

automatically.  

The control of the system is dependent on the frequency of the control intervals of the inventory levels. 

The moment of control the inventory has a continuous or a periodically interval. In the case of a 

continuous review, the model analysed inventory levels and when the stock level is below the stock level 

s the stock will be replenished. In the case of a periodical review, the inventory is controlled on a fixed 

time period and on this time period the replenishment is selected. The order size depends on the order 

quantity or the order up to level. The different possibilities will be investigated and that are the different 

variables which have influences on the inventory management. A main assumption is made in the 

beginning that we will use the periodically review with a review period of one week.   

 



Master thesis R.P.H. Jochems  
 

- 32 - 
 

The 5 options are  

Option 1: Order-Point, Order-Quantity, (s,Q)  

Option 2: Base stock policy 

Option 3: Periodic-Review 1, Order-up-to-level, (R,S) 

Option 4: Periodic-Review 2, Order-up-to-level, (R,S) 

Option 5: Lot for Lot 

In the literature review, different replenishment strategies are explained and summarized. In this report 

we will use the possible replenishment strategies depending on the characteristics of the strategy which 

are explained in the literature. The first task is to set up the different characteristics about the 

replenishment of the inventory. These characteristics are the selection criteria for the possible 

replenishment strategies. In this research project, the second option and fifth option are not selected 

with as reason the options are not optimal for Ballast Nedam Solar. During the project is also selected 

another policy and that is the Lot for Lot policy. The reason for the selection came from the analysis that 

the policy is most comparable with current situation in the company. In the case of Ballast Nedam Solar, 

these parts are important:  balance between service level and costs. That will be the basis about the 

replenishment policy selection criteria.  

As conclusion, the following replenishment policy strategies periodically will be selected and implement 

in the strategy of the logistical model.  The current policy is the Lot for Lot strategy and the basic idea is 

that by every new order a new replenishment order is created.  So, in general the amount of 

replenishments is very large and the costs will be inline. Secondly, the economic order quantity policy is 

a better order quantity policy because the order size depends on the set up costs and the holding costs 

for the inventory.  

The other possibility is to select another method to organize the inventory. In the future, this will mean 

that several options are possible to calculate the desired inventory levels. Therefore the actions will 

generate the best desired financial successful stock levels about the process. The inventory 

management system is a better method as in the situation before the investigation of the research. So it 

will increase the operations on a positive way and the methodology will be the guideline for the 

problem solution.  

Overview of solutions and the possible implications are the suggested new inventory management 

system. During the project all the different options will be increases, the control comparing with the 

current situation. A better way to control the inventory gives in all cases advantages because the 

forecast is more accurate, the total relevant cost of ordering will be reduced and the service level will be 

reached in more situations. In the last step all the inventory levels on a selected demand pattern are 

visualized with the used replenishment strategies. So the best methodology in a given situation will give 

the perfect solution for the inventory problem. All the different situations and their specific 
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requirements will be listed in an important list about the inventory management system. The views of 

the management tool are situated in appendix 9.2. 

5.4  Verification 
 

The created model in this Chapter will be verified by the provided data from the Ballast Nedam Solar. 

The last option is coming close to the current situation so all the different options are generated with 

the model. The numbers in Table 6 present a reasonable costs comparing to all the options and the Lot 

for Lot option is in the ranch of 90-95 % with the expectations of Ballast Nedam Solar.  The most optimal 

order policy, that is option three with a cost of € 112.688. The total relevant costs are lowest for this 

option. The costs are lower for the stock points at the installation partners and the distribution centre. 

The other policies have similar cost levels but the difference with the second one is observable.  The 

costs are 30 % dependent of global transportation. These costs are really fixed but the order moment 

has more influence on the costs. The other part of the costs depends on holding costs, ordering costs 

and the stock out costs. 

Table 6 Optimal strategy 

Replenishment strategy Costs yearly 

Option 1: Order-Point, Order-Quantity, (s,Q)  € 128.485 
Option 2: Base stock policy € 126.816 
Option 3: Periodic-Review 1, Order-up-to-level, (R,S) € 140.418 
Option 4: Periodic-Review 2, Order-up-to-level, (R,S) € 150.398 
Option 5: Lot for Lot  € 144.555 

 

In line with the results found about the best replenishment policy and inventory strategy. The inventory 

management tool provides some more useful information about the costs in the different situations. 

Moreover, in Figure 10, several different service levels are compared and the line holds the expected 

scope which is rising to infinite near 100%. Further, the costs of the different installation partners are 

fluctuating and it depends on the average expected week demand but the variances have a big influence 

on it. The variance can also get from Table 3 where the set up of the stock levels is visualized. In the case 

of installation partner 6, the variance is developing relative high safety stock level and the peak of costs 

in Figure 11.    
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                           Figure 11 Costs installation partners 
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6 Numerical analysis 

6.1 Results 
The created tool and the analysis about the tool give it us the possibility to show all the results in this 

chapter.  

6.1.1 Main results 

The best inventory management policy is selected on the lowest costs. The company has several desired 

requirements about the investigated inventory system. These requirements and the academic ideas are 

the starting point of the research. After the investigation in the last chapter, the tool will generated a lot 

of results depending on the settings.  

The different variables for the system are changeable and so we optimize the system by changing the 

variables. First, we will set the several options about the different replenishment methods and that gives 

the basics results about the cheapest options. After the simulation about the total relevant costs, the 

company has good idea about how to set up the logistical part of the operations in the company. The 

results will be also analysed about the sensitivity of the system.  

The explained replenishment strategies in the chapter 4 and 5 are included in the model and these 

different options give a good overview. Therefore all the different stock points will give the size of the 

problem and give a quick view of how to organize the inventory management. In the case of changing 

settings, the demand, the capacity and the service levels are basic reasons to change.  

 

6.2 Results tool 
 

Optimal settings and results in all the inventory points are presented in the output screen of the 

management tool. In this part, the most important are discussed. The second policy has the best costs 

structure and therefore this will be show in the Chapter. 

6.2.1 Distribution centre 

 

The order costs are high comparing to the other costs in the distribution centre but the most cost are 

depending to administrative costs so these costs are not changeable.  

Table 7 Dc costs 

 Order Holding Transportation Stock out Total  

DC € 13.603 €389 € 1.296 € 43 € 15.322 
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6.2.2 Installation partner 

 

All the different installation partners have different cost structures because the demand is different for 

all of them. The stock level are in appendix 9.1 and they all use the base stock policy because this most 

economical. An interesting results is showed in Table 8 for the holding cost of installer partner 6 and 

that is because to tackle high demand variation of the partner. A cost improvement can be share stock 

on fewer locations so the variation is shared and the safety stock will reduced. 

Table 8 Installation partner costs 

 Order Costs Handling costs Holding Transportation Stock out  Total 

1 € 1.580 € 233 € 3.134 € 243 € 222 € 5.411 
2 € 1.580 € 234 € 3.148 € 244 € 224 € 5.430 
3 € 1.027 € 107 € 1.790 € 165 € 103 € 3.193 
4 € 1.659 € 189 € 2.231 € 188 € 133 € 4.400 
5 € 1.106 € 122 € 1.958 € 176 € 117 € 3.478 
6 € 1.422 € 216 € 4.743 € 248 € 232 € 6.861 
7 € 1.106 € 113 € 1.862 € 170 € 109 € 3.361 
8 € 1.343 € 173 € 2.511 € 209 € 164 € 4.400 
9 € 1.580 € 230 € 3.106 € 242 € 220 € 5.377 

10 € 1.422 € 197 € 2.766 € 224 € 188 € 4.796 
Total € 13.825 € 1.814 € 27.248 € 2.109 € 1.711 € 46.707 
       

 

6.2.3 Total results 

 

The costs are built up in the following structure as showed in Table 9. The first two cost points were 

really fixed because these costs depend mainly on transportation and administrative costs. So during the 

project the main focus was on the costs at the installation partners. So there was most reduction 

available and later in the case study it will investigate also. 

Table 9 Total costs 

Cost area Costs 

Global Transportation € 64.777 
Distribution Centre € 15.322 
Installation Partner € 46.707 
Total € 126.816 

 

 

 



Master thesis R.P.H. Jochems  
 

- 37 - 
 

In Table 10, the important comparison between all the different policies is made. The first two policies 

are close together but the second option has the favour because the total relevant costs are the lowest. 

So with these results Ballast Nedam Solar can implement the inventory management tool and to select 

option 2: the base stock policy as the optimal policy. 

Table 10 Comparison policies 

Policy Costs 

Option 1: Order-Point, Order-Quantity, (s,Q)  € 128.485 
Option 2: Base stock policy € 126.816 
Option 3: Periodic-Review 1, Order-up-to-level, (R,S) € 140.418 
Option 4: Periodic-Review 2, Order-up-to-level, (R,S) € 150.398 
Option 5: Lot for Lot  € 144.555 

 

6.3 Back testing 
 

In this research is the model controlled by a case study. The study is done to analyze if the model is 

working then what the company actual did. The As-Is situation is the situation of a fifteen week real 

demand is used to compare with information what the model suggest. The model has the same the 

demand pattern and has fixed order policies. The back testing gives the information when the company 

ordered the products and the involved costs. 

The case study is depended on 15 week demand of 4 installation partners and this assumption is made 

because the other installation partner’s data was too limited. Also only the costs for the installation 

partner part are selected. These assumptions are important because they make it possible to compare 

the two situations. In the main results are presented in Table 11 and the costs are lower if the new 

model situation will be used. As remark on the high difference between the different sub costs will be 

explained. The costs are higher because the order policy is less efficient. In the real situation in the 

company there was a high out of stock rate because the supplier was not able to satisfy all our demand. 

So this creates more out of stock costs but also the order costs were higher in line with not an efficient 

order quantity was available. The situation with infinite stock creates the most optimal situation so the 

costs will 36% lower. To take in account, the out of stock in the back testing the model represents still 

lower costs then the as-is situation in the company. 
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Table 11 Results back testing 

 Order 
costs 

Handling 
costs 

Holding 
Costs 

 Stock out costs Total Costs 

As-Is  € 5.066  € 215  € 370  € 2.700  € 8.351  

Optimal   € 1.989  € 220  € 2.972  € 196  € 5.378  

Difference  -€ 3.077  € 5  € 2.602  -€ 2.504  -€ 2.973  

               -36%  
 

6.4 Results discussion 
 

All the results together are presented in Chapter 6.2 and 6.3 gives Ballast Nedam Solar the chance to 

improve their logistics and inventory management. The total relevant of costs will decrease because the 

costs will decrease always if a structured model is compared with the current situation. The most 

optimal inventory policy is base stock policy because the costs are optimal with required constraints. 

The s,Q policy is the second best policy so in the situation base stock policy is not possible this policy 

should be chosen. To verify the system, the back testing is done with a real case of Ballast Nedam Solar 

and the same input data for the system and as result the cost will reduce with 36 %. Therefore in the 

literature, the expectancy is the model will improve the logistics positively and the costs will decrease 

substantial with some percents.  
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6.5 Results analysis 

6.5.1 Background 

The total costs are the most optimal for this situation and the most optimal in the case of improvements 

in the future. These improvements are necessary for the ability of the organization to grow in the future. 

Also this implies new opportunities to use the smart ideas during the project and implement the ideas 

straight for the organization. The new industries are the best situation to increase the replenishment 

strategy. In the case of organizations with a lot of historical data, the expected results of the 

improvements will have a higher accuracy. This means that the failure rate of the project is much lower 

and the ability to have is success great. 

6.5.2 Implications 

The better methodology gives the opportunity to increase the revenues with fewer amounts of 

employees and a higher service level. During this phase, the majority of customers are able to invest in a 

solar system because the costs are more attractive for the customers. Also when it is more attractive for 

the customers, the demand will increase and the product becomes a standard product so the costs will 

decrease because it is mass product. In the case of the mass product process, the logistics become a 

standard process with a lot repetition so the change of failure will be reduced. In this situation of less 

failure rate is reached the service level easier. This will increase the total competitiveness of the 

organization and this is exigency for the further growth in the solar market.  

6.5.3 First moving advantage 

The first moving advantage is a useful advantage for the organization to start expanding the business. 

The lower logistical costs safe costs for the organization before competitors can safe costs. After saving 

the costs, the different competitors have higher costs during the operations and so also higher system 

costs. The first moving advantage creates possibilities to increase market share because the selling price 

will be more competitive as the competitors. Another advantage is that during the time competitors 

reach the same level of organizing the operations and have the same benefits as the organization has, 

the organization has the time to investigate in further improvements of the operations. Therefore, the 

first moving advantage is still there and will be continued for a longer period of time in the situation if 

the research for new improvements will be extended on the long run.  

 

6.5.4 Basic setting changing 

The design of new structure in a business case need to implement and in these situations the settings of 

the process will be changed. In this part is explained the basic and important change of the settings. 

First, the model will be improved by the implementation of new replenishment strategy and order policy 

for the inventory management system. That is the major investigation of this master thesis project and 

in line with the academic papers, it will probably increase the service level of the logistics and decrease 

the costs. The first investigation is the lists of the different order policies and the explanation about the 

assumptions and the characteristics of the model. All the policies have their own special rules and are 

the best in the different situation by the specific rules of the policy. The strategy of replenishment is the 
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second important choice in the logistical model. This choice implies the frequency and the methodology 

of the moment of the replenishment.  

6.5.5 Historical data 

After the first part, the different settings will be fixed so this creates a new model of the logistical 

process. The new model will be validated and verified by the available historical data. The historical data 

came from the organization in which the critical supply chain is to fit in. In this supply chain, the most 

important stuff will be included in this model and so the standard cases and the main stream of the 

projects are handled by the improvements of the project. Therefore, the special cases and the fine 

tuning of the process will be done by the optimization in the later stage of the project by the extended 

improvements.         

6.5.6 Complexity 

The extended improvements are important to improve further by changing the little things as the 

optimization on a stock keeping unit level. This means that every stock point has different policies and 

strategies and this increase the complexity of the logistics with the objective to decrease the total 

relevant costs. In the case of increasing the complexity of the model, the skills of the labour force 

require a higher level so that they are still able to fulfil the tasks with more complexity. This requires 

employees with higher knowledge level about logistics but more automatic tasks in the process will 

reduce the scale of the labour force. In general, the costs of the logistics will reduce on the total level 

and this decrease the cost of the total as whole.  
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6.6 Sensitivity analysis 
 

The sensitivity analysis of the created model in the chapter before will be explained in the chapter. 

After, the theoretical background is created with the importance of the sensitivity analysis. The 

interesting variables for the research and these situations will be explained. The results of the sensitivity 

analysis will be presented at the end of the chapter.  

6.6.1 Theoretical background of the sensitivity analysis  

 

Sensitivity Analysis is a technique consists of changing the values of the input and internal parameters of 

a model to determine the effect upon the model’s behavior or output. The same relationships should 

occur in the model as in the real system. This can be used qualitatively —directions only of outputs—

and quantitatively—both directions and (precise) magnitudes of outputs. Those parameters that are 

sensitive, i.e., cause significant changes in the model’s behavior or output, should be made sufficiently 

accurate prior to using the model.  Historical Data Validation: If historical data exist (or data collected on 

a system specifically for building and testing a model), part of the data is used to build the model and 

the remaining data are used to determine (test) whether the model behaves as the system does. (This 

testing is conducted by driving the simulation model with either sample from distributions or traces 

(Balci and Sargent 1982a, 1982b, 1984b).)  

6.6.2 Analysis 

 

In this part, the sensitivity analysis is made to explain the importance of chancing input data on the 

result of selected inventory policy. First which input data or selection criteria is important to invest 

about a possible cost reductions. In Table 12, the most important input data is presented and further an 

interesting criteria is the service level that is required. 

 

Table 12 Data input 

   

Costs Variable Value Quantity 

Order cost DC ADC € 620  [container] 

Holding cost DC hDC € 1,20  [Pallet/week] 

Order cost installer Ai € 79 [Order] 

Holding cost installer hi € 2,40  [Pallet/week] 

Transportation costs ai € 25  [Pallet] 

Handling cost DC hcDC € 7,50  [Pallet] 
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6.6.3 Analysis 

 

The variation volatility, holding cost, lead time and service level are investigated. The coming graphs will 

show the results of the sensitivity analysis. All the different policies have a colored dots and the normal 

situation will be compared to extreme change of basic input. 

6.6.4 Demand variation volatility 

 

As first, we investigated the pattern of increasing or decreasing the demand variation on the costs. As 

the results showed before the second option is the best and what happen if the demand variation is 

changing. In figure 12, all the different options are dots in the graphs and the second option hold if you 

change variation volatility of the demand. 

 
 

Figure 12 Demand variation volatility 

6.6.5 Holding costs  

 

The holding costs at the installation partner are second in the sensitivity analysis. The red dots of the 

second option are still the lowest in Figure 13 but if the holding costs decrease the first option is almost 

the same. The costs are not lower so the second option is still the optimal one. 
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Figure 13 Holding cost installer 

6.6.6 Lead times 

 

In figure 14,the sensitivity of the lead time is controlled. The lead time difference has less influence on 

the optimal option 2. 

 

Figure 14 Lead time 
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6.6.7 Service level 

 

Also it is interesting picture to see what happen if the management decides to change the required 

service level. Figure 15, gives the researcher the opportunity to change service level and see what 

happens with the costs. The costs are rising and the dots on the right increasing as expected. Therefore 

Ballast Nedam Solar can decide to require another service level but the second option will be optimal. 

 

Figure 15 service level 

6.7 Conclusion Sensitivity analysis 

 
In some situations, there is an interesting result that the most optimal policy will hold the second option 

as the best inventory management policy. The phenomena of policy shift appear in the situation if the 

holding costs decrease a subsential but still the second option will be used because the cost are only the 

same in that situation.   
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7 Conclusion and Recommendations 
 

In this chapter, conclusions and recommendations based on this research are given. In section 7.1, 

conclusions are drawn, based on the research question that was formulated. The second section 

represents the recommendations of further improvements. 

7.1 Conclusion 
 

In this research, we investigated the Inventory management and logistical handlings in the solar 

business and it was conducted at Ballast Nedam Solar. Several authors, (e.g. Chen (2007), Mentzer et al. 

(2001) and See (2010)) have shown the importance of to have structure to save costs and increase 

service in inventory management and logistics. In this report, an inventory management model based on 

literature has been developed to obtain required results of the stock keeping units.  

Research question: 

How should an enterprise organize their logistics and inventory management? 

To solve the research question, an inventory management tool is made. Before, the information about 

the current situation was analyzed and the data was generated from Ballast Nedam solar. After the 

generated tool, the results are presented and a sensitivity analysis was made. 

In this research, the need for an inventory management tool is coming from the research question. The 

current situation in the company is studied and the main characteristics and assumption are made for 

the possible model. From the literature, an inventory management tool is to develop as solution for the 

problem. The main rules for the problem are to set up basic order levels and order quantities. All the 

inventory management policies are studied and all the information in the company is studied. As result 

of it the management tool is made and the tool gives us nice results.  

Replenishment policies Costs yearly 

Option 1: Order-Point, Order-Quantity, (s,Q)  € 128.485 
Option 2: Base stock policy € 126.816 
Option 3: Periodic-Review 1, Order-up-to-level, (R,S) € 140.418 
Option 4: Periodic-Review 2, Order-up-to-level, (R,S) € 150.398 
Option 5: Lot for Lot  € 144.555 

 

The five different replenishment policies are calculated in the management tool. The results show that 

the base stock policy is the best policy to determine the re order levels and the order quantity. The 

reason for that is that the costs in that policy are lowest with a service level 99 % and the results are 

presented in the table. 

 In this situation, the replenishment strategy is optimal if the replenishments are checked every week. In 

the case of a review period of one week, the structure in the model is optimal. To follow the strict 
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periodically review of every week makes it possible to combine different orders to the different 

installation partners. These combinations define full truck loads and the full truck loads means lower 

transportation costs in the system. The case study showed that the as-is results are compared with the 

model are more expensive.  As conclusion, it is better to implement the tool to structure the inventory 

management and the logistics; this creates an optimal balance between service level and costs. 

The tool has influence on the different departments in the company because the operational level is 

more structured. The employees know what to do when the demand is changing or when a new 

forecast is made. A new forecast is made every two or three months or the management has sales 

knowledge about future demand the frequency of new demand forecasts are higher. The changed 

forecast can change the inventory policy if it is better in that situation. The sensitivity analysis checked 

the influence of fluctuations on the system and it holds for the tool. The lead time, demand, holding 

costs and service level were subject of the sensitivity analysis 

Moreover, the conclusion is that the tool decreases the costs with 36 percent for the company. This 

number is proven by case study comparing with historical data of Ballast Nedam Solar. This cost 

reductions is important for PV systems and that is off course good for the attractiveness of sustainable 

energy a source. 

 

7.2 Insights  
 

Firstly as recommendation, to hire an employee who has the total responsibility in the company for all 

the logistical handlings and the inventory management task. The spreading of the inventory 

management tasks over the different employees requires clear communication about all specific tasks. 

This recommendation gives overview in the company about responsibilities and structure of how to 

work. In the situation, if this implemented the costs will reduce and the service level will be reach easier. 

Further the collaboration with a third party logistic provider has a positive result because the knowledge 

of this partner can be used.  

7.2.1 Further research 

 

The demand forecasts accuracy is in the phase of the company development is limited and it is 

interesting to do research to increase the forecast information during the year. The demand is 

registered in a CRM system and it is helpful to do research about the possibilities to use CRM data for 

demand forecasts. 

Several software providers have software packages as ERP enterprise resource planning. These software 

packages are designed to work for the company as inventory management tool. As further research it is 

as advice to combine the CRM data with a ERP program and to have all the data in one system. 
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9.1 Graphs 
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9.2 Model view 
 

Input sheet: 

     

Input values: 
Option 
2 

   

     

     Forecast Demand on container level see right info 
  

     Review period extra 0 weeks 
  

Demand 0 % 
Demand 
fluctuation 

Variation 0 % 
Variation 
fluctuation 

     Selection service level criteria 1 
   Service level selection 99,0% 
   

     

     Solver 
     

Output costs: 

 
Costs Panels 

    

 
Order Handling Holding Transportation Stock out  Total 

1 € 1.580 € 233 € 3.134 € 304 € 222 € 5.472 

2 € 1.580 € 234 € 3.148 € 305 € 224 € 5.491 

3 € 1.027 € 107 € 1.790 € 207 € 103 € 3.234 

4 € 1.659 € 189 € 2.231 € 235 € 133 € 4.447 

5 € 1.106 € 122 € 1.958 € 220 € 117 € 3.522 

6 € 1.422 € 216 € 4.743 € 310 € 232 € 6.923 

7 € 1.106 € 113 € 1.862 € 213 € 109 € 3.404 

8 € 1.343 € 173 € 2.511 € 261 € 164 € 4.453 

9 € 1.580 € 230 € 3.106 € 302 € 220 € 5.438 

10 € 1.422 € 197 € 2.766 € 280 € 188 € 4.852 

 
€ 13.825 € 1.814 € 27.248 € 2.637 € 1.711 € 47.235 

      
€ 47.235 

    
transportation costs/panel € 2,17 
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Output Stock levels: 

  

 
Re order Quantity Replenishments Safety Stock Average Stock 

1 262 304 20 150 302 

2 264 305 20 151 303 

3 121 207 13 69 172 

4 164 235 21 97 215 

5 137 220 14 78 189 

6 419 310 18 302 457 

7 128 213 14 73 179 

8 194 261 17 111 242 

9 259 302 20 148 299 

10 222 280 18 127 266 
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9.3 Back Testing 
 

Demand Input: 

Week Total 1 2 3 4 5 6 7 8 9 10 

11 0 0 0 0 0 0 0 0 0 0 0 

12 52 34 10 0 8 0 0 0 0 0 0 

13 266 169 18 0 79 0 0 0 0 0 0 

14 446 202 87 27 130 0 0 0 0 0 0 

15 416 166 74 66 110 0 0 0 0 0 0 

16 592 125 266 34 167 0 0 0 0 0 0 

17 826 198 424 97 107 0 0 0 0 0 0 

18 550 54 316 96 84 0 0 0 0 0 0 

19 396 36 188 60 112 0 0 0 0 0 0 

20 202 32 58 52 48 0 12 0 0 0 0 

21 274 8 88 54 87 0 37 0 0 0 0 

22 323 12 120 62 52 0 77 0 0 0 0 

23 302 56 66 27 113 0 40 0 0 0 0 

24 237 12 42 33 112 0 38 0 0 0 0 

25 442 85 53 67 154 0 83 0 0 0 0 

26 1213 184 175 59 31 91 174 67 125 156 151 

27 205 42 55 0 63 0 45 0 0 0 0 

28 1290 211 85 31 93 94 426 87 14 177 72 

 

Average Stock: 

Week 1 2 3 4 5 6 7 8 9 10 

11 288 288 288 288 0 0 0 0 0 0 

12 288 288 288 288 0 0 0 0 0 0 

13 288 288 288 288 0 0 0 0 0 0 

14 254 278 288 280 0 0 0 0 0 0 

15 85 260 288 201 0 0 0 0 0 0 

16 -117 173 261 71 0 0 0 0 0 0 

17 -283 99 195 -39 0 0 0 0 0 0 

18 -408 -167 161 -206 0 0 0 0 0 0 

19 -318 -591 64 -313 0 0 0 0 0 0 

20 -372 -907 -32 -397 0 0 0 0 0 0 

21 -408 -1095 28 -389 0 0 0 0 0 0 

22 -152 -1153 -24 -149 0 -12 0 0 0 0 

23 -160 -1241 -78 -236 0 -49 0 0 0 0 

24 362 -398 254 107 190 564 140 135 280 245 

25 306 -464 227 -6 190 524 140 135 280 245 



Master thesis R.P.H. Jochems  
 

- 54 - 
 

 


