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Management summary 

Problem context 

Océ operates in an increasingly complex and global supply chain network. The fragmentation that 

exists between all parties, from suppliers to customers, requires tight synchronization of the movement 

of goods and information. Océ experiences issues in controlling the outbound logistics process of sea 

shipments as there is a lack of shipment transparency leading to inability to react to and communicate 

unplanned events. In addition, long and fluctuating lead times are observed. This negatively impacts 

customer satisfaction and financial performance.  

With this in mind, the focus of Océ should be on moving towards proactive management of the 

outbound logistics process. This calls for shipment visibility and measurement of shipping 

performance. In addition, reactive monitoring of shipments is expected to enable insights in order to 

take actions based on them. Consequently, the main research question is formulated as follows: 

How can a supply chain visibility solution contribute in achieving control over the outbound logistics 

process in order to improve customer service and reduce costs? 

Problem analysis 

In order to gain insight in the causes of long and fluctuating lead times, historical shipment data is 

analyzed, a study related to sea freight trends is performed and internal interviews are conducted. Each 

part of the shipping process is analyzed separately based on two key performance indicators: transit 

times (i.e. travel time, transfer time and waiting time) and on-time performance.  

The main finding is that nearly half of the time containers are waiting at ports and container yards for 

being picked up in order to continue the transporation process. Factors that results in long waiting 

times are terminal congestions and low truck driver availability. Another issue is poor collaboration 

between parties. As information related to shipping progress is not systematically shared, parties 

cannot respond to above described situations. 

Another finding is that sea freight trends such as increasing containership sizes and higher fuel costs 

negatively affect lead times in terms of duration and reliability. Bigger ships lead to fewer departures 

causing lower flexibility of sea transportation planning. In addition, not all ports have the right 

construction or enough capacity to handle these ships resulting in port congestions. With the trend of 

increasing fuel costs, many companies apply the slow steaming approach which has significant impact 

on the sea transportation time. 

Solution direction 

In literature, many articles are found on the concept of supply chain visibility. The definition of supply 

chain visibility is still somewhat ambiguous and several definitions have been proposed. For 

consistency in this research, supply chain visibility is defined as collecting and analyzing real time 

information related to shipments, including logistics activities and the status of events and milestones 

that occur during transportation of goods, to enable shipment tracking and control over this process by 

supply chain disruption management and continuous improvement of the supply chain.  

Applications of supply chain visibility have undergone massive changes. With the trend of increasing 

technologies such as cloud computing, the Internet of Things and blockchain, sharing, access and 

analyzing data has become easier. Three possible supply chain visibility solutions are investigated: an 
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external control tower, an internal business analytical tool provided by ShipItSmarter and an own 

customizable application. In order to select a solution, the benefits as well as the costs has to be 

identified. As the costs of the first two options are relative high, an own supply chain visibility 

solution is created to get an impression of potential benefits.  

Data quality 

The Status Shipping Message portal is a database on contract of Descartes containing data about the 

actual and planned statuses of containers which belong to Canon. Twice a day shipping companies 

share the status name and location of these containers. Not all service providers share their data and so 

the database is not complete. However, more than 92% of the containers in SAP are covered by the 

SSM portal. With respect to data consistency, different status names are used for the same milestones 

and the same status names are used for different milestones. This depends on the carrier. Accuracy and 

timeliness of the data source is good. 

Solution design 

First, the business requirements should be discovered, understood and clearly defined for the 

application to be a success. This is already done in the beginning of the project. Second, internal 

interviews are conducted and literature on KPIs is reviewed in order to identify the user requirements. 

Three needs that follow from this step were: (1) ability to see tracking information of shipments, (2) 

receiving notifications when disruptions occur and (3) identification of bottlenecks in the supply chain. 

Third, the system specifications were described in terms of non-functional requirements and functional 

requirements. The former ensures how the application has to work, while latter focus on what the 

system should do. From there, an application with three components is designed.  

A track and trace function is needed to check transportation activities from time to time. In addition, 

the application provides an accurate expected time of arrival at the warehouse. When delays occur, the 

application recalculates the steps in the process in real time and adjusts the expected time of arrival. 

The contribution of the track and trace function can be defined as the ability to have real time 

information of the status and location of the shipment. Hence, customers can easily retrieve the 

progress of its shipment which in turn results in better customer satisfaction. Moreover, this 

transparency increases the reputation of the firm as it is better to inform proactive instead of reactive.  

With this real time information, an alert management system can be implemented. An alert is send 

when a threshold is exceeded. The alert system provides messages in case of disruptions, changed plan 

of long waiting times. The responsible party in the supply chain can review and react based on these 

alerts which in turn reduces lead times in terms of mean and variance and improves on-time 

performance. There is flexibility in reducing waiting times of containers at ports and containers yards. 

With respect to in-transit service parts, a reduction of 1 day would be valued by €78,000 per day. 

Additionally, the ideal situation (i.e. total waiting time is reduced to 6 days) shows potential cost 

savings such as reductions of demurrage costs, downtime costs of machines and labor costs of 

operators.  

The KPI dashboard shows the quality of service for each shipment. Performance metrics such as 

transit times and on-time performance helps in evaluating the carrier and analyzing the performance of 

shipping routes. With decision in this field, the lead time duration and reliability can be improved.  
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Recommendations 

 Deploy the supply chain visibility application 

Océ currently faces challenges in monitoring the outbound logistics process. The supply chain 

visibility application that was constructed throughout this study offers a means to track goods, 

provides visibility into the movement of goods which aids better decision making in disruptive 

management and contributes to continuous improve supply chain performance.  

 Encourage shipping companies to share status information of their containers 

Many shipping companies share data in terms of the status and location of container’s and 

provide revised ETAs. Though, not all shipments of Océ are covered in the SSM portal 

resulting in an incomplete visualization of shipments. When carriers are aware of the added 

value of sharing this data, a unified platform with all relevant shipment information could be 

realized 

 Improve data quality 

The SSM portal contains missing values which causes problems in the development of the 

application. For instance, time zones of statuses are absent. In addition, multiple statuses are 

used for same logistics events depending on the carrier. This inconsistency makes it difficult 

to develop the tool such that all containers can be analyzed simultaneously. All analyses 

described in this research depend on data. When data accuracy and consistency cannot be 

ensured, the platform is not reliable. Therefore it is recommended to improve the SSM portal 

of Descartes with respect to accuracy and consistent use of statuses. 

 Create ownership of alert system to react on each alert 

The alert system is created in order to provide a notification if a defined alert condition is met. 

Each alert requires another action plan. Therefore, make a team responsible to solve each alert 

provided by the alert system. This makes that real ownership of the alert system is felt. The 

team is responsible for defining actions steps per alert and ensures that they are complied. 

 Enhance collaboration between parties 

Data analysis on the outbound logistics activities shows that waiting time at port and container 

yards is the main component of lead times. External factors such as congestions at ports, rail 

yards and container yards, and availability of truck drivers affect the waiting time. However, 

the fragmented landscape increases the complexity of the supply chain and good 

communication between parties is required. Therefore is recommended to enhance 

collaboration between parties.  

 Involve Canon Inc. in improving the supply chain visibility application 

Until now the supply chain application can only be used for shipments of Océ. Since the SSM 

portal contains status information of containers that belong to Canon, it would be interesting to 

make the application accessible also for Canon shipments. Consequently it is recommended to 

involve Canon in the process of expanding the supply chain application. With support of 

Canon, the application can be improved in terms of functionalities. 
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1 

1 Introduction 

The focus of this project is on finding a way to get control over the process of the outbound goods 

flow in a business to business setting to improve customer service and reduce costs. This research is 

the result of a master thesis project conducted by the Eindhoven University of Technology in 

collaboration with Océ-Technologies B.V. (Océ), one of the major players in the printing industry. In 

this introductory chapter the company’s background is described in Section 1.1 followed by the 

problem context in Section 1.2. Section 1.3 introduces a roadmap to solve the problem. The scope is 

given in Section 1.4, the research questions are formulated and presented in Section 1.5 and the 

research methodology is described in Section 1.6. Finally, Section 1.7 provides an outline of the 

remainder of the report.   

1.1  Company description 

Océ – a Canon company – was founded in 1877 as a family business in the production of butter 

coloring. With the success in establishing blueprint material in the early 20th century, the company 

entered the copier market. Through the years it has become a global leader in digital printing and 

imaging technologies. In 2018, revenue added up to €2.011 billon. With approximately 3,900 

employees in 8 sites around the world, Océ operates a global network of R&D, manufacturing and 

logistics centers. Its headquarters is located in Venlo, The Netherlands. With expenses on R&D 

investment equal to 184 million, Océ is a top 10 R&D investor in the Netherlands (Technisch 

Weekblad, 2019).  

Océ develops digital imaging technologies and transforms them into high-speed digital printing 

products and services. Digital printing offers personalization, customization and short runs at low 

costs with respect for the planet. As a result, the systems provide printing on demand and offer an 

array of applications in all shapes and sizes. Since the world is more and more digitally and 

increasingly connected, digital printing is growing rapidly. A key asset in this process is inkjet. The 

ambition of Océ is to further establish themselves as a leader in inkjet technology and applications by 

building on the expertise in inkjet for high printing speed, high image quality and cost-efficiency (Océ, 

2019). 

In 2010, Océ was acquired by Canon, a leader in professional and consumer imaging equipment and 

information systems. Today Océ is a Canon innovation center, and together they aim to be the number 

one in printing. To achieve this, they are collaborating intensively to integrate and improve the digital 

printing and imaging technologies and to provide business solutions to the Canon Regional Sales 

Headquarters (RSHQs). 

Océ sells three categories of new products: large format, cut sheet and continuous feed printing 

systems. Large format printing is primarily used for indoor or outdoor graphics with extensive color or 

black and white applications. The cut sheet machines produce a highly efficient and high-volume cut 

sheet. For instance, the Océ VarioPrint i-series sheet fed inkjet press is perfect for heavy production 

environment, including direct mail, book and commercial printers. It can make 100,000 brochures a 

day. The continuous feed printing solution handles massive print volumes and fast, high-quality results 

in full color or in black and white. 
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1.2  Problem context 

In today’s increasingly global world, Océ has outsourced warehouse and distribution activities to 

multiple logistics service providers. In other words, the outbound goods flow is managed by several 

parties. The fragmented landscape of suppliers, carriers and customers adds complexity to the supply 

chain. As a result, Océ faces challenges in managing the outbound logistics process: (1) providing 

visibility of shipments, (2) the ability to react to and communicate unplanned events and (3) reducing 

lead times in terms of duration and reliability. These problem areas are explained in the following 

three subsections. 

1.2.1 Lack of shipment transparency 

Océ uses four main types of transportation: air, sea, road and express shipping. Air, sea and road 

transport do not need further explanation. By express is meant delivery of small packages and parcels 

for point-to-point transport in a short time period.  

Actual data of air and sea shipments is not easy to acquire. When a consumer wants to know the 

progress of an order, the current status and location of a shipment, Océ is not able to give this tracking 

information directly. Multiple calls to several logistics service providers have to be made to find out 

the shipment status with corresponding location. In B2C environments, consumers have experience 

with suppliers as Amazon and consequently their expectations are undoubtedly reinforcing the need 

for real-time visibility of shipments (De Muynck et al., 2018). According to a global survey conducted 

by YouGov (2018), nearly 78% of consumers want to receive updates on the status of their order when 

purchasing goods. However, most studies have tended to focus on expectations in a B2C setting, while 

there has been little discussion on the contribution of visibility in B2B environments.  

Océ arranges road shipments via logistics service providers such as DSV. Through an online booking 

portal shipments can be booked. This platform also enables users to see shipment details and events, 

planned as well as actual. For express shipments, data regarding the status of a shipment is provided 

by interfaces. Express transport organizations created their own applications where track and trace 

results can be retrieved. After entering the shipment number, status information of the shipment 

becomes visible.  

Above discussion gives an illustration of fragmentation in terms of transport visibility. A central 

platform to see a unified view of all shipments with relevant details and statuses is missing.   

1.2.2 Occurrence of unplanned events 

Océ is not able to react in time to unplanned events due to the lack of having real time information of 

shipments. Where unforeseen events occur they can often be disruptive, for instance, bad weather 

conditions, equipment problems, heavy traffic and strikes. Disruptions may result in delayed 

shipments with all its consequences in terms of customer service and costs.  

In addition, involved parties are not always informed in time in case of an unplanned event. For 

example, technical engineers who are responsible for installing a printing system showing up while the 

equipment did not arrive yet. Another situation that can occur is a technician who is coming to repair a 

machine while the required spare part was not available yet. When a machine cannot work, the 

financial impact can be significant.  
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Figure 1.2: Lead times from Rotterdam to Columbus in Q3 
of 2018  

 

Figure 1.1: Lead times from Rotterdam to Chicago in Q3 
of 2018  

 

Apart from downtime costs, disruptions have a negative effect on the customer experience. Chun 

(2014) stated that, even when a shipment is delayed, having accurate visibility is the key to offer 

customers reliable estimates on when they can expect to receive their order. Such accurate 

communication gives customers the ability to prevent unnecessary costs associated with installing 

machines in terms of preparation and labor activities and to avoid income foregone. These advantages 

of timely information improve customer service which in turn reduces the likelihood that customers go 

elsewhere to buy the item. 

1.2.3 Long and fluctuating lead times  

As Océ does not have a regular measurement of the outbound goods flow, the lead time performance 

is not known. To gain insight into the behavior of lead times of sea shipments, for the two main routes 

(i.e. from Venlo to Chicago and from Venlo to Columbus) lead times in the third quarter of 2018 are 

analyzed. And so the focus is on customers in the USA. With the available data the time from the port 

of loading to the final container yard are calculated. Both shipping routes use the port of Rotterdam as 

starting point and the harbor of New York as port of discharge. 

 

 

In Figure 1.1 the lead times from Rotterdam to Chicago are depicted. The graph shows an average lead 

time of 23.8 days with a standard deviation of 5.8 days. Almost all shipments exceeds the promised 

lead time of 17 days. Based on this outcome, the lead time reliability of this shipping route seems quite 

poor. Figure 1.2 displays the lead times from Rotterdam to Columbus from July 2018 till September 

2018. With an average delivery time of 27.9 days, a standard deviation of 3.4 days and not only one 

shipment is meeting the estimated lead time of 20 days, the lead time performance of this route looks 

not good either. 

Before Canon’s takeover of Océ, transportation from origin to end customers was arranged by Océ 

itself. They used incoterms Delivered At Place (DAP) or Delivery Duty Paid (DDP) in which the 

seller delivers the goods to the buyer. To get an impression how long sea freight shipping to the USA 

took under these conditions, the lead times for sea shipments from Rotterdam to Chicago in the first 

semester of 2005 are analyzed.  

In Figure 1.3 is seen that goods were transported via Canada with a lead time mean and standard 

deviation of 17.8 and 3.99 days, respectively. Most shipments were shipped through the port of 

Montreal and on a smaller scale via the port of Halifax. The former route gave an average lead time of 

19.4 days with a standard deviation of 3.58 days, while the latter path gave a lead time of 14.4 days on 
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avarage and a standard deviation of 2.14 days. This information shows that it took much more time to 

ship from Rotterdam to Chicago in the third quarter of 2018 compared to first six months of 2005. To 

get an impression of the geographical location of the ports and warehouses, a map of Eastern United 

States and Canada is given in Appendix A. 

 
Figure 1.3: Lead times from Rotterdam to Chicago in Q1 and Q2 of 2005 

Since this analysis displays that lead times before the acquistion of Océ were significantly shorter, for 

Océ it is interesting to know how their carriers perform by evaluating port and shipping operations. 

Especially, to determine the fulfillment ratio of the estimated time of departure and the estimated time 

of arrival, to compare the actual and expected lead times and to define duration of lead time 

components such as shipping time, discharge time and waiting time. Based on this information Océ 

can identify to which extent parties contribute to smooth running of outbound transportation in order 

to improve decision making related to that process. 

1.3  Roadmap 

As a result, Océ is forced to take a critical look at the supply chain. In particular, Océ wants to find a 

way to coordinate the complete outbound goods flow to enhance customer service and lower costs: it 

is interested in creating shipment transparency, minimizing the impact of unplanned events and 

identifying inefficiencies of lead times to improve the decision making process. 

A roadmap was developed to explore how to move towards proactive management of outbound 

logistics functions. This roadmap consists of five stages and represents a transition from achieving 

visibility on shipment data, to measuring shipping performance, reactive monitoring of shipments to 

manage unplanned events and assist in decision making in order to prevent shipment delays, 

predicting shipment delays based on signals on root cause indicators and finally, preventing shipment 

delays based on these predictions by proactive actions. 
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This research focuses on the first three steps of the roadmap shown in Figure 1.4 and provides 

guidance on how to continue monitoring. This includes the achievement of transparency of shipment 

information, the design of performance measurement methods of transportation processes and an alert 

system to act in case of disruptions. Analysis and design of step 4 and 5 are not included in this study 

1.4  Scope 

The goal of scoping is figuring out what exactly to explore for a study. In this research, the scope is 

limited to all outbound goods flows of sea shipments from factories in Venlo and Poing (Germany) to 

warehouses of the Canon Regional Sales Headquarters in the USA (CUSA).  

Processes of suppliers and warehouse handling are out of scope. The choice to focus specifically on 

sea shipments is partly based on the fact that Océ is primarily interested in getting control over the 

process of outbound large capital goods. These products are shipped by boat. It is also this specific 

scope which has the most data. Air shipments are not in scope because of the lack of available data. 

Road and express shipments are outside the scope since online platforms already provide real time 

visibility. 

 

 

 

 

 

 

 

 

 

Figure 1.5 shows that the major part of sea shipments is shipped from Venlo followed by Malaysia and 

Poing. The factory of Vancouver is closed by the end of 2018 which explains the low number of 

shipments. Manufacturing activities are moved to Poing, while the R&D is moved to Venlo. Figure 

1.6 shows that most sea shipments have the Canon Regional Sales Headquarters in the USA (CUSA) 

as destination. As a result of the insights generated from these graphs and the degree of data 

availability, only shipments from Venlo and Poing to the CUSA are in scope. The factory in Penang 

and Vancouver, and the RSHQs in Australia, China, Europe, the Middle East and Africa (EMEA), 

Japan, Singapore and South-Korea are not taken into account. 

An explanation of the supply chain with a detailed description of the outbound goods flows for each 

mode of transport Océ is using can be found in Chapter 2. 

1.5  Research questions 

Achieving visibility is the first step to move towards coordinating the outbound logistics process. 

From there, measuring and monitoring are the next steps to reach this goal. This research aims to 

explore what types of supply chain visibility solutions are deployed, determine what metrics are useful 

Figure 1.5: Origin of sea shipments in 2018 Figure 1.6: Consignee of sea shipments in 2018 
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for performance measurement in the transportation area and discover methods to monitor shipments. 

Based on these insights, the purpose of this study is to examine what applications are applicable for 

Océ in monitoring outbound logistics processes. It investigates how this can help to enhance order 

transparency, improve managing unforeseen events and solve lead times inefficiency problems of the 

outbound goods flow resulting in improved customer service and cost savings. Therefore, the research 

question for this master thesis is defined as follows: 

How can a supply chain visibility solution contribute in achieving control over the outbound logistics 

process in order to improve customer service and reduce costs? 

In support of the main research question, the following sub research questions (SRQs) are formulated: 

1. What is the current situation within the context of outbound logistics? 

2. What causes of long and fluctuating lead times do exist and why do they occur? 

3. What kinds of solutions for supply chain visibility are applicable to control the outbound 

logistics process? 

4. What is the quality of data with regard to sea shipments? 

5. How to use data for monitoring the process of outbound logistics? 

6. How can monitoring the outbound logistics process using supply chain visibility contribute to 

reduce lead times and improve lead time reliability? 

1.6  Research methodology 

This research follows the problem solving cycle as presented by Van Aken et al. (2012) that is aimed 

to improve the performance of a business system in terms of effectiveness and efficiency. This 

methodology includes five different steps. In this research, we run through the first three steps of the 

cycle. 

 
Figure 1.7: Research approach 

Step 1 contains the problem definition. In the second step, the problem is analyzed to develop specific 

understanding of the nature of the problem and to diagnose drivers. A broad analysis is required to 

1. Problem 
identification 

Chapter 1 

2. Problem analysis 
and diagnosis 

Chapter 2, 3, 4 and 5 

SRQ 1, 2, 3 and 4 

3. Solution design 

Chapter 6, 7, 8 and 9 

SRQ 5 and 6 

4. Implementation of 
solution 

5. Evaluation 
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ensure discovery of the most important root causes. Therefore, it is beneficial to approach the problem 

from different perspectives in a widespread analysis. Research methods that are used to explore the 

problem are data analysis, literature review and interview with employees. The aim of step 3 is to 

develop a plan of action to design the solution. A literature analysis and internal interviews are 

conducted to further investigate in how the model should be designed. In addition, a prototype of the 

application is developed in order to evaluate whether user’s requirements have been met. Also a 

business case is created. Step 4 is the implementation phase and in step 5 the actual solution is 

evaluated. Both steps are out of scope. Translating the research model to this study results in the 

research approach and according chapters as shown in Figure 1.7. 

1.7  Outline 

The remainder of this research is organized as follows. The current situation of the supply chain is 

given in Chapter 2. In Chapter 3 are identified the sources of long and fluctuating lead times and 

Chapter 4 gives an overview of the concept of supply chain visibility found in the literature and 

evaluated possible supply chain visibility solutions. The quality of the available data is analyzed in 

Chapter 5. The report continues with the design of the application in Chapter 6 and the development 

steps in Chapter 7, respectively. In Chapter 8 is described how this tool can contribute to improve 

customer service and reduce costs. The conclusions, recommendations and future research are 

provided in Chapter 9. 
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2 Logistics System 

Océ divided its products in five sections: hardware, software, consumables, service parts and media. 

Hardware corresponds to the new products which are explained in Section 1.1, hardware devices 

utilize software to operate, consumables contain the inkjet and cartridge toners used in the printing 

systems and service parts represent all spare parts providing maintenance of hardware and software. 

Media are items used for printing images on or for binding documents together such as papers, firms, 

binding strips and staples. All these products need to be delivered in a proper way to customers in 

order to meet customer expectations. The path in the movement of goods through the supply chain 

differs between these products. 

In this chapter sub research question 1 is answered: What is the current situation within the context of 

outbound logistics? The goods flows are discussed in Section 2.1 and an overview of the supply chain 

with a detailed description of the outbound logistics process is given in Section 2.2. 

2.1  Goods flows 

As already discussed, there are five product types. For transportation of goods, hardware including 

software is defined as machines. To ship machines, preparation procedures in terms of shipping, 

handling and installation are used. Section 2.1.1 discusses the movement of machines. From a service 

point of view the uptime of a machine must be optimized, where a reliable maintenance strategy of 

service parts is crucial. The goods flow of service parts is described in Section 2.1.2. Shipping 

information regarding consumables and media is given in Section 2.1.3. 

2.1.1 Machines 

The goods flow of machines consists of hardware with corresponding software in order to execute one 

or more specific tasks (i.e. print, copy, fold, sort and turn). Products that are selling in this area are 

systems such as the VarioPrint i300 (see Figure 2.1). As the business of machines operates in a make-

to-order environment, the production process of a machine starts once a confirmed customer order is 

received. With regard to the transportation process, maximum performance of systems requires special 

equipment and properly trained operators to enable (un)loading without disturbing the product and full 

protection from the elements during transport.  

MAKE-TO-ORDER  
Machines are produced according to a make-to-order approach, a business production strategy that 

typically allows customers to purchase products that are customized to their specifications. Océ has a 

fixed design and specifications to start with. When the exact product requirements of the customer are 

known, the end product is manufactured.  

SHIPPING & HANDLING 
A machine is shipped in multiple separates crates. Due to the delicate nature of the contents it is 

essential to have the proper equipment available for handling and moving the shipping crates. Packed 

in their crates, the equipment can withstand normal vibration from road, rail, sea or air travel. Severe 

shocks may damage the precision components, so each crate is fitted with shock watches that turn 

from white to red when their specified limits have been exceeded. Tamper-proof seals are also added 

to ensure the crate has not been opened and the contents interfered with. All equipment must be un-

crated by a qualified service engineer.  
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Figure 2.1: VarioPrint i300 printer including control panel 

INSTALLATION 
All printers must be operated in accordance with the environmental conditions. For instance, machines 

must be installed directly on a rigid floor. Concrete is the recommend floor material, while carpeted or 

wood floors are not acceptable. Another example is that compressed air is needed for the operation of 

three subsystems: air bearings for carriage linear motion, media registration pins and automatic print 

head maintenance stations. A relative humidity of between 30 and 70% without condensation is 

required for the safe operation of these subsystems. Other areas that are important for optimal 

performance of machines are cleanliness, temperature and electrical equipment. Concerning the latter, 

it is customer’s responsibility to hire a qualified electrician to provide the appropriate electrical service 

to the printer. The complete list of requirements is specified in the Site Preparation Pre-Installation 

Environment Checklist which is shown in Appendix B.   

If a printer needs to be moved after the initial installation, it must be fully dismantled and reinstalled 

by a factory-trained service technician no matter how small the distance of the move. 

2.1.2 Service parts 

Maintenance operations consist largely in replacing service parts of machines. The service parts are 

assessed based on criteria such as criticality, failure rate and number of machines at customers to 

decide how to supply these parts. Service parts are in many cases make-to-stock but some can also be 

characterized as make-to-order. Aspects that are important in the service parts supply chain are 

maintenance strategies and stocking points.  

MAINTENANCE STRATEGY 
The decision to maintain a component is based on a maintenance strategy. Arts (2016) divided the 

maintenance strategies in three levels: modificative maintenance (MM), preventive maintenance (PM) 

and breakdown corrective maintenance (BCM). The strategy of modificative maintenance concerns 

interchanging a part with a technically more advanced part in order to make the equipment perform 

better. Preventive maintenance means the replacement of a part before failure occurs and is based on a 

component reaching a certain lifetime or a certain threshold value. Breakdown corrective maintenance 



 

 

10 

is the strategy where one waits until a failure has occurred before the part is replaced. This strategy is 

used if it is expected that the component survives the machine lifetime or if the failure behavior of the 

component is difficult to assess. 

Most components of the machines are maintained using a BCM strategy. In case of an unscheduled 

down, a field service technician (FST) goes to the customer to fix the problem. A smaller group of 

components is maintained according the PM strategy with an age-limit and a click-limit both defined 

by the R&D department. 

STOCKING POINTS 
The supply chain contains four different stocking points. In Table 2.1 are shown the stocking points in 

the service parts supply chain, adapted from Coumans (2017).    

Table 2.1: Overview of stocking points for service parts 

Stocking point Description 

Corporate Supply Centers (CSCs) The CSCs are the central warehouses located in Venlo and Poing. 

Internal and external suppliers provide parts to these warehouses. 

Internal suppliers are plants, located in Venlo and Poing. 

Regional Sales Headquarters (RSHQs) The RSHQs are operated by Canon Inc. and resupplied by the 

CSCs. The RSHQs are located in Australia, China, Japan, Korea, 

Singapore, and the United States and Europe, Middle East and 

Africa 

National Sales Organizations (NSOs) The NSOs supply the Field Stock in each of their countries and  

are resupplied by the RSHQs. 

Field Stocks 

 

 

 

 

 

 

The Field Stock is the total of the Quick Response Stock (QRS), Car 

Stock and Customer stock.  

 QRS is a small warehouse located near a couple of 

customer sites to pool expensive parts between cars. Parts 

that do not fit in an FST’s car are also stocked here.  

 The Car Stock is the stock in a Field Service Technician’s 

(FST) car, composed of small critical items with high 

demand.  

 Customer Stock is the stock located at each individual 

customer. 

There are many ways to deliver service parts to the customer, but due to scope restrictions they are not 

explained in detail in this study.  

2.1.3 Consumables and media 

The lifeblood of any machine be it large format or continuous feed printing systems are consumables 

and media. Océ provides inks and toners that are quality controlled for consistent high quality printing: 

high density images, minimal fixing errors and excellent transfer performance. In addition, wide range 

of papers for printing in a wide variety of formats is offered. 

To serve its customers, consumables and media are mainly operating in a make-to-stock business but 

also a make-to-order strategy is applied in some cases. A detailed description of the supply chain is 

given in the next section. 



 

 

11 

2.2  Supply Chain 

As Océ has customers all over the world, it operates a global supply chain to serve each customer. 

Figure 2.2 displays the movement of raw materials, components, parts and finished goods through 

each logistics network segment. 

The supply chain is split up into two sections: inbound logistics and outbound logistics. Inbound 

logistics is related to material management and procurement. It refers to purchasing and coordinating 

the inflow of raw materials and parts. Outbound logistics focuses on processes related to warehousing, 

packaging and transporting goods to customers. This study is limited to the outbound goods flow and 

therefore only a detailed description of this part of the supply chain is given.  
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Figure 2.2: Goods flows in Océ’s supply chain 

The Corporate Supply Centers (CSCs) consists of two warehouses which are located in Venlo and 

Poing. Both internal and external suppliers deliver materials to these factories where components and 

finished goods are created and assembled. Next, the products are transported to the Regional Sales 

Headquarters (RSHQs) which are located in the United States, Singapore, Japan, Australia, China, 

Korea and Europe, Middle East and Africa. Each region serves National Sales Organizations (NSOs) 

and dealers across its area. From there the products are sent to the end customer.   

Transportation from a factory to a RSHQ is set as replenishment shipping. A shipment from a supplier 

to a RSHQ is called a drop shipment, shipments from factory to end customer are known as direct 

shipments and a direct drop shipment represents directly sending goods from supplier to end customer. 

As the latter three supply chain management methods are exceptional, only replenishment shipments 

are in scope. 
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2.3  Outbound Logistics 

The outbound logistics system, as provided in Figure 2.3, consists of order allocation, picking and 

packing, transport planning, loading and shipping. Order entry is the trigger to start the outbound 

logistics process for make-to-order products. Note that the shipping part is excluded in this figure. 
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Figure 2.3: Outbound logistics system 

First of all, an end customer sends a purchase order to a dealer or a NSO, respectively. From there a 

PO is passed to a RSHQ which subsequently forwards it to Océ. Once an order has been entered, Océ 

can view and assess information about this order. During the allocation process the product 

availability is checked. When the demand cannot be met or the requested product is limited, the 

Customer Service department evaluates how it will handle the order and arranges this with the 

customer. In case of approving (a part of) the order, a shipment is created in SAP and all 

corresponding due dates are filled in. Next, the picking and packing process starts after which the 

Transport and Export Services (TES) department starts working on the transport booking. The 

procedure of booking depends on the transport modality. 

As already mentioned, Océ uses four transportation modes to ship orders: air, sea, road and express 

shipping. For all modes and for every region, Canon headquarters in Tokyo selects the carriers for 

transporting shipments to the RSHQs. Each year the best companies to supply goods are chosen based 

on price. Canon distinguishes between primary, secondary and back-up carriers, and Océ is restricted 

to use these carriers in this order, based on availability. To make a transport booking, several steps 

have to be taken. For destinations with a constant demand, the TES department arranges a transport 

booking before starting the process of picking and packing. This is also known as a pre-booking.  

AIR AND SEA SHIPMENTS 
For air and sea shipments, the transport order planners enter the shipment details in Infodis, a transport 

management system that handles specific logistics requirements, which sends the obtained information 

to Seacon Logistics (Seacon), a forwarding company. Transportation from the origin to the port of 

loading is arranged by the TES department, while Seacon organizes air shipments from airport of 

departure to airport of arrival and arranges to have cargo moved from the harbor of departure to the 

harbor of arrival for boat shipments. Once a shipment is booked, the date and time of departure, the 
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bill of lading (BOL) and the reference number of the shipment are sent to the TES department. The 

order is now ready to be transported.  

Consequently, the order is loaded on a container and picked up at the origin by the carrier. The carrier 

brings the container to the airport or harbor, respectively. Once the container arrived in the airport or 

harbor, the order is checked by the customs office. The goods are released and the export declaration 

is send to the customs office of exit which examines the goods and makes sure they correspond to 

those declared. After confirmation of the match between the goods and the export declaration, the 

shipment is loaded on the airplane or vessel. Now the responsibility of the goods is passed from Océ to 

the RSHQ concerned. 

The division of responsibility is based on Incoterms. Incoterms determines who does what in an 

international transport. Océ uses Free Carrier (FCA) for air transportation and Free on Board (FOB) 

for sea transport. Free Carrier means that the seller delivers the goods to the carrier at the named 

location by the buyer. The risk of loss of or damage to the goods passes from the seller to the buyer at 

that time, and the buyer also bears all costs from that moment onwards. Free on Board means that the 

seller delivers the goods on board the vessel nominated by Canon at the named port of shipment. At 

that point, the risk and costs involved in the delivery of goods passes from the seller to the buyer. Both 

FCA and FOB require the seller to clear the goods for export, where applicable, while clearing the 

goods for import, paying import duty or carrying out import customs is the responsibility of the buyer. 

As said before, Canon decides which carriers Océ has to use to transport the shipments to the RSHQs. 

Hence, the transport from port to port is performed by one of the fixed carriers. Different carriers have 

their own routes with specific departure times, and subsequently the transport plan depends on the 

carrier. The vessel departs from the port of loading and as soon as the vessel reaches the port of 

arrival, the container is discharged. From here there are two options: the container is transported via 

the rail yard to the warehouse or the container is sent to the warehouse by truck directly.  

For shipping to the warehouse directly, the customer import declaration procedure takes place at the 

port. The goods which are brought into the customs territory must be assigned to a customs-approved 

treatment. If this process is finished, road transportation for the shipment is arranged by the region. 

The road carrier picks up the container and brings the goods to the warehouse. Lastly, the empty 

equipment is dispatched and returned. 

In case of transporting via the rail yard to the warehouse, the rail transportation is arranged by the 

aircraft or ocean carrier. This carrier decides when and where a rail carrier picks up the container. 

Canon doesn’t sign a contract with rail carriers. The carrier that is responsible for the port to port 

transport is also accountable for the handover of the products at the port of arrival. Once the container 

arrives at the rail yard, the customer import declaration is checked. An approval of the goods is the 

starting point for the region to schedule the transport from the rail yard to the warehouse. After 

shipping the goods from the rail yard to the warehouse, the unloaded containers are sent back.  

A visual representation of the air and sea transportation is shown in Figure 2.4. The track from the 

factory to the port of loading corresponds to leg 1, leg 2 represents the air or sea transport, leg 3 

contains the discharge time, waiting time at the discharge port and rail transit from the discharge port 

to the rail yard and leg 4 is the path from the railway yard to the warehouse in stock. The 

responsibility and also the visibility of Océ is restricted to leg 1 and from the FCA or FOB moment 

onwards the risk and costs regarding the shipment is set to the corresponding RSHQ. 
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Figure 2.4: Air and sea transportation with corresponding responsibilities 

ROAD SHIPMENTS 
For road shipments, the myDSV platform is used. With this online interface, orders are booked in a 

few steps and the shipment data is shown in a dashboard which provides tracking information. When 

the order is loaded and picked up at the origin by the carrier, the shipment is transferred to the 

customer directly or to a hub in Europe where consolidation takes place. From the hub the shipment is 

sent to their destination which can be an end customer or a dealer. The risks and costs of the shipment 

are changed when the order is loaded by the carrier, also known as the FCA incoterm. 

EXPRESS SHIPMENTS 
In case of express shipping, also known as urgent shipping, orders are booked via ShipItSmarter, a 

shipping tool which helps to find the smartest solution by taken into account all relevant variables, to 

book the best option immediately and to prepare it for transport. When the booking is completed, the 

shipment data is shared with the TES department. The shipments can be followed via the track & trace 

information provided by the express shipping companies. Currently, the companies Océ is working 

with are DHL, UPS, FedEx and TNT 
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3 Causes of long and fluctuating lead times 

This chapter describes the major sources of long and fluctuating lead times that exist for shipments 

from Venlo to warehouses in the USA. With this information, sub research question 2 can be 

answered: What causes of long and fluctuating lead times do exist and why do they occur? These 

causes are identified through an analysis of historical shipment data, a study related to sea freight 

trends and internal interviews. This approach enables understanding of the current situation. 

In Section 3.1 data to enable this analysis is introduced, Section 3.2 describes the key performance 

indicators used to analyze the shipping performance and the results are presented in Section 3.3. 

Limitations and conclusions are provided in Section 3.4 and Section 3.5, respectively. 

3.1  Data 

As incoterm FOB is used for sea shipments, Océ is responsible for the costs, risks and liabilities of the 

shipment until the goods are on a vessel at the outbound port. The visibility of Océ is also restricted to 

this part of the transport process. After this point, the responsibility shifts to CUSA. As the buyer and 

seller use different types of administration, information has been collected from multiple data sources 

to analyze the outbound logistics process.   

SAP 
Océ uses SAP software, also known as the Enterprise Resource Planning (ERP) software, to manage 

their business operations. This application consists of various integrated modules which covers 

virtually every aspect of the business management. As the goal of this analysis is to examine the lead 

times of sea shipments, relevant data to investigate is retrieved from the planning section. 

The planning module consists of shipment information, shipping details and an overview of 

transportation deadlines for the outbound logistics process from origin to the port of departure. With 

shipment information is meant details such as shipment number, bill of lading and container number. 

The shipping data contains the name of the carrier and the shipping route which includes the port of 

loading and the port of discharge. In the overview of transportation deadlines are provided the 

milestones of leg 1: actual time of departure at the origin and the expected time of departure at the port 

of loading. Also the expected time of arrival at the port of discharge is presented in this data source. 

LEAD TIMES CUSA REPORT 
For analyzing the whole outbound logistics process, information after departure of the vessel in the 

port of loading is needed. Parties involved in the movement of a shipment from the FOB moment 

onwards use different types of administration. CUSA is in the position to support since they can utilize 

carrier’s report and their online information. For two weeks, the logistics team has been working on 

the data extraction of the sea shipments to the USA in the third quarter of 2018. The content of the 

obtained file is described below. 

The document includes information about shipments on multiple routes to warehouses in the USA 

within the given period. For each shipment are given the actual time of departure at the port of origin 

and the actual time of arrival at the port of discharge, abbreviated to ATD Port and ATA Port. The 

planned times for these events (i.e. expected on board time and the expected time of arrival at the 

terminal) are also provided. In addition, data concerning milestones in leg 3 is presented by the 

discharge moment, the actual time of departure for rail transport and the actual time of arrival in the 
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container yard, in short D/C, ATD Rail and ATA Rail. The warehouse stock in date is provided as 

well which enables determining time in leg 4.  

 
Figure 3.1: Overview of the available data sources of the outbound goods flow 

A visual representation of the outbound logistics with corresponding available data in SAP and in lead 

times CUSA report is depicted in Figure 3.1. As described above, in SAP are shown the actual time of 

departure at origin, the planned time of departure at the port of loading and the expected time of 

arrival at the port of discharge which represents ATD Truck, ETD Port and ETA Port, respectively. In 

lead times CUSA report are also given estimations of the time of departure at the port of loading and 

the time of arrival at the port of discharge. In both data sources the same values are used for ETD Port 

and ETA Port.  

To analyze the entire outbound goods flow, information from SAP and lead times CUSA report needs 

to be combined. As both data sources use a shipment number as unique identifier for a shipment, the 

data is matched based on its shipment number. For this analysis data of sea shipments from Venlo to 

Chicago and Columbus in the third quarter of 2018 is used. The ocean path of these shipments is from 

the port of Rotterdam to the port of New York.  

3.2  Key performance indicators 

To be able to analyze the shipment performance, key performance indicators (KPIs) are introduced. 

Based on literature research, the following KPIs are used to measure the shipping performance: on-

time performance and average transit time per transportation leg.   

On-time performance is one of the most popular metrics used by transportation companies 

(Kasilingam, 1998). This metric refers to the level of success of the transport service by comparing 

estimated and actual times. A comparison is often completed for arrival time rather than departure 

time, but both are common. On-time performance is normally expressed in a percentage, with a higher 

percentage meaning more shipments are on time. It helps to measure the effectiveness of the transport 

system and to recognize delays in the process.  

Transit time represents the time to move a shipment from origin to destination and consist of travel 

time, waiting time at terminal or docks, transfer time and handling time. The former two time 

components do not need further explanation. Transfer time refers to the time to move the shipment 

from one mode to another or from one vehicle to another vehicle (truck, train, airplane or boat). 

Handling time is the time to load or unload the shipment at the origin and destination.  
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Figure 3.2: Time in leg 1 for sea shipments from Venlo to 
Chicago 
 

Figure 3.3: Time in leg 1 for sea shipments from Venlo to 
Columbus 

3.3  Results 

The expected total lead time from Venlo to CUSA’s warehouses (i.e. Chicago and Columbus) is 

estimated at 28 days. To get insight in the shipping process, every part of the outbound logistics 

process is analyzed. Metrics discussed in the previous section are used to evaluate the shipping 

performance.  

As only estimations of the departure time from the port of loading and the arrival time at the port of 

discharge are available, on-time performance metrics are merely used to analyze the sea transportation 

part. The transit times are calculated and visualized for each transport phase of the outbound goods 

flow. Calendar days are used for calculating these durations. Since data about loading and unloading 

times is not available, handling time cannot be determined.   

3.3.1 Leg 1: from departure at origin to departure at port of loading 

The process between picking up a shipment in Venlo and departure of the vessel in Rotterdam, also 

known as leg 1, can be divided into two parts: travel time from origin to port of loading and waiting 

time at the harbor. Road transport from the plant in Venlo to the port of Rotterdam as well as sea 

transport from Rotterdam to the port of destination is arranged by Seacon Logistics. As already 

discussed in Section 2.2, Canon decides the carriers for sea transport. For now, Océ is restricted to 

ship with Ocean Network Express and does not have a standard back-up carrier. 

 
 

Figure 3.2 and 3.3 present the time from departure at origin in Venlo to departure at port of loading in 

Rotterdam. Most of the shipments depart in 7 or 8 days after leaving the production plant in Venlo. An 

explanation for these long times can be the fact that, prior to departure of a vessel, a container has to 

be in the harbor for port formalities such as the General Declaration. The time the container has to be 

in the harbor for procedures depends on the carrier. For example, Ocean Network Express requires 

being in the harbor 5 days before departure of the vessel. They offer only vessels that depart on 

Saturdays and hence, a container has to be in the harbor on Monday latest. As the transport department 

of Océ is closed during weekends and a small buffer is preferred, Océ plans transport to the port of 

Rotterdam on Fridays. This clarifies the peaks of 8 days in Figure 3.2 as well as in Figure 3.3.  

Despite the requirement of containers being in the harbor 5 days prior to departure of the vessel, we 

noticed that one shipment was picked up in Venlo only 4 days before leaving the port. Perhaps the 

carrier was flexible in case of a slight delay and the port formalities could also be handled in a shorter 

time period. However, there is no clear statement for this remarkable finding. 
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Figure 3.4: Time in leg 2 for sea shipments from Venlo to 
Chicago 
 

Figure 3.5: Time in leg 2 for sea shipments from Venlo to 
Columbus 
 
 

With a minimum of 4 days and a maximum of 10 days, this part of the shipping process shows high 

variability. An explanation of these fluctuations lies in the fact that containerships are getting bigger. 

Vessels of more than 21,000 TEU are presently on order. In Appendix C is shown 50 years of 

container ship growth. A result of increasing containership sizes is a decrease in the number of sailings 

resulting in less flexibility of sea transportation. In case of short delay containers may miss the vessel 

and thus have to wait for a several days. Bigger ships also negatively affect the loading and unloading 

time of ships. Other aspects which may impact variation of time in leg 1 are delays of trucks, 

disruptions in ports resulting in departure delays of vessels and customs problems. 

3.3.2 Leg 2: sea transportation 

Figure 3.4 and 3.5 give a visualization of leg 2: sea transportation from the harbor of Rotterdam to the 

port of destination, New York. The graphs show that most of the shipments have a shipping time of 12 

days. What is remarkable is that there is one shipment (i.e. 5146399) that is shipped in only 6 days 

from Rotterdam to New York. This outlier contains a mistake in the departure time from the port of 

Rotterdam but its arrival time at the port of New York is correct. When we disregard this observation, 

a minimum of 9 days and a maximum of 13 days show small variance in shipping time. These 

fluctuations can be clarified by congestions at ports, terminal productivity, weather circumstances and 

mechanical issues. 

 
 

In Figure 3.6 is displayed how much time sea transportation took in 2005. This graph shows an 

average shipping time of 8 days and almost all shipments are shipped within 10 days. In more detail, 

sea transport via Halifax took on average 5.7 days and sea shipping via Montreal 8.4 days. As the 

shipping routes in 2005 differ from the shipping route in 2018 it is difficult to compare the results.  

 
Figure 3.6: Time in leg 2 for sea shipments from Venlo to Chicago in Q1 and Q2 of 2005 
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In Table 3.1 are given the sea distances from the port of Rotterdam to the ports of Halifax, Montreal 

and New York. This information clarifies the shortest shipping time for sea transport from Rotterdam 

to Halifax and the longest sea transport time from Rotterdam to New York. 

Table 3.1: Distances of sea routes 

 Sea distance (in kilometers) Sea distance (in miles) 

Rotterdam → Halifax 5128 3186 

Rotterdam → Montreal 5863 3643 

Rotterdam → New York 6190 3846 

However, the fact that shipping from Rotterdam to New York (in 2018) took twice as much time 

compared to shipping from Rotterdam to Halifax (in 2005) is remarkable as the former route is only 

700 miles longer. In order to evaluate these sea transport times, the average speed for each route is 

calculated. The average speed for sea shipping from Rotterdam to New York was 12.5 knots, while 

sea transport from Rotterdam to Halifax and Montreal took 15.7 and 20.3 knots on average, 

respectively. This indicates that sea transport time increased over the last 13 years. 

A factor that clarifies this finding is the implementation of slow steaming (reduced vessel speeds) in 

recent years to improve fuel efficiency and lower gas emissions. On one hand, significant fuel price 

increases since 2004 affecting the need of operating in a more efficient way. On the other hand, there 

is an ongoing trend in the shipping industry to focus on sustainability and environmental issues that 

affect the industry and our society. Carriers have to follow new regulations and adjust their ships 

accordingly (Hermansson, 2018).  

Furthermore, vessels that are getting bigger are also affecting sea transit times. Bigger ships put 

pressure on the ports and terminal operators. In some ports it results in conflict and congestions and 

raises several operational questions. Far from all ports are made for the giant ships, they don’t have the 

right construction for the vessels to enter the port, at the same time they don’t have enough of capacity 

to handle the cargo in an efficient way (Hermansson, 2018). 

The performance of ocean transport in terms of on-time departure and on-time arrival is explained in 

Table 3.2. With an on-time departure performance of roughly 10% for shipments on both routes, the 

departure reliability is quite low. The on-time arrival results are significant better, but still not good. A 

higher performance of on-time arrival than on-time departure indicates that ships can make up time 

during ocean transportation, especially when departure delays are short. The ability to meet on-time 

performance statistics depends on the degree to which the process is affected by congestion. 

Table 3.2: On-time performance of sea transport for two shipping routes to warehouses of CUSA 

 On-time departure On-time arrival 

Venlo → Chicago 12.5% 25.0% 

Venlo → Columbus 9.1% 13.6% 

In our outbound logistics process are used several transport modes. A delay may affect interchanges. 

Sometimes the transfer time allowed from one transport mode to another is very small. Where on-time 

performance is poor, shipments may miss a connection and thus be forced to wait. If services are 

infrequent, such as long distance sea transport, consequences of late services can be high. To evaluate 

the impact of delays on the further planning, the average number of days late is calculated. The results 

per shipment are shown in Appendix D. 
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Figure 3.8: Discharge time at port of New York for sea 
shipments from Venlo to Columbus 

Figure 3.7: Discharge time at port of New York for sea 
shipments from Venlo to Chicago 

Table 3.3: Number of days late in sea transport of two shipping routes to warehouses of CUSA 

 Average days late ETD Average days late ETA 

Venlo → Chicago 1.43 3.5 

Venlo → Columbus 1.2 3 

In Table 3.3 is shown the average lateness of the expected time of departure and arrival of sea 

transportation. The results for both routes are quite similar. On average, shipments to Chicago depart 

1.43 days late and shipments to Columbus leave 1.2 days late. A departure delay affects the further 

planning of transport services. When shipments depart late, the probability of on-time arrival 

decreases. The impact of departure delay can be reduced as ships can make up time during ocean 

transportation, but with today’s high fuel costs, carriers do not speeding up their vessels. This is 

confirmed by results in the third column of Table 3.2. The average lateness of arrival at the port of 

discharge for shipping to Chicago and Columbus are 3.5 and 3 days, respectively. And such lateness 

of arrival may result in rail transport service being missed with all its consequences. 

3.3.3 Leg 3: discharging and rail transportation 

Leg 3 is divided in 3 parts: discharge time, waiting time from discharge moment to train departure and 

rail transportation. As can be seen in Figure 3.7 and 3.8, the discharge time is quite stable. All 

containers are discharged in one day.  

 
 

When containers have been discharged from a ship, they are moved to a container yard of Elizabeth. 

The port provides a free period of storage to allow time to take care of customs clearance procedures 

and transport goods to the next destination. However, when containers are not moved in time, the port 

can charge Port Storage. Containers that stuck in the port affect yard space, port productive and port 

congestion. As this is important to ports, in some countries the Port Storage charges are quite 

exorbitant.  

After discharging it takes usually 4 days till the train leaves for the container yard in Chicago, as 

shown in Figure 3.9. For shipments with Columbus as destination, this part of the transportation 

process takes more than two times as much time compared to shipments to Chicago, namely 8.5 days 

on average. Also the variability is much higher for transport to the container yard of Columbus, as 

seen in Figure 3.10. The waiting time at the discharge point is very instable: it variates between 4 and 

15 days.  
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Figure 3.9: Waiting time at discharge port in Elizabeth for 
sea shipments from Venlo to Chicago 
 

Figure 3.10: Waiting time at discharge port in Elizabeth for 
sea shipments from Venlo to Columbus 

Figure 3.11: Time of rail transport for sea shipments from 
Venlo to Chicago 

Figure 3.12: Time of rail transport for sea shipments from 
Venlo to Columbus 
 
 

 

 

Ocean carriers choose the rail carrier but the RSHQ does not know which logistic service provider is 

used for rail transport. Norfolk Southern is one of the nation’s premier transportation companies and 

serves every major container port in the eastern United States. Intermodal schedules of Norfolk 

Southern are used to get an impression of the rail network that covers transport between Elizabeth, 

Chicago and Columbus, and are depicted in Appendix E. These schedules show that trains from 

Elizabeth to Chicago are leaving every working day. Trains between Elizabeth and Columbus are 

departing four times a week. There is no information available on container capacity of the trains. 

However, based on the fact that Chicago is America’s largest inland port it is assumed that the 

connections to Chicago have higher rail volumes. This indicates that when a rail connection to 

Chicago is missed, there is more flexibility in rearranging transport compared to transport to 

Columbus.  

An aspect that is not taken into account in case of last minute changes to the transportation plan is 

availability of train services. According to Canon Regional Headquarters in the USA, the amount of 

containers that has to be transported depends on the season. It implies that the availability of rail 

transport rely on seasonality. There is no data available to confirm this. 

Another clarification of long waiting times at the container yard can be poor collaboration between 

stakeholders in the transportation process. There is an agreement between ocean carrier and intermodal 

company on this track. When changes in arrival or departure times are not communicated in time or 

not at all, rescheduling of transport activities is though. As there is no central platform with real time 

information of all shipments, responsiveness to congestions is low and communication between 

carriers is difficult.  
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Figure 3.13: Time from CY to warehouse for sea 
shipments from Venlo to Chicago 
 

Figure 3.14: Time from CY to warehouse for sea 
shipments from Venlo to Columbus 
 

The last part of leg 3 is rail transportation. In Figure 3.11 is seen that it takes 2 or 3 days to go from 

Elizabeth to Chicago by train. Rail transport from Elizabeth to Columbus takes on average 4 days with 

minimum of 2 and a maximum of 6 days. The expected rail transport time can be deduced from rail 

schedules given in Appendix E. It takes nearly 2.5 days to travel from Elizabeth to Chicago and 

roughly 4 days to travel from Elizabeth to Columbus. A transfer time of 2 or 3 days for rail transport 

to Columbus’s container yard cannot easily be clarified but it suggests that there is a faster rail 

connection to travel from Elizabeth to Columbus. Explanations of longer rail transport times are 

customs problems and congestions at the track or rail yards.  

3.3.4 Leg 4: from container yard to warehouse 

Leg 4 contains the time from arrival at the container yard to leaving for the warehouse. This part 

contains unloading time, time that containers remain in the container yard, and shipping time from the 

container yard to the warehouse. The Canon Regional Headquarters in the USA schedules drayage to 

the warehouse as soon as possible after arriving of the shipment at the container yard. From the graph 

in Figure 3.13, we noticed an outlier of 28 days. The Canon Regional Headquarters in the USA could 

not clarify this outlier. We consider that the RSHQ forgot to plan transport for this shipment and was 

not informed of this situation as there is no real-time visibility platform. Apart from this outlier, high 

fluctuations are shown in the time from container yard to warehouse. The lack of truck drivers’ 

availability and port congestions are mentioned as the main factors of the variability in leg 4. As there 

is no detailed information about the transfer, waiting and shipping time, other factors influencing this 

instability are hard to identify. 

 

 

3.3.5 Total lead time 

In Figure 3.15 and Figure 3.16 are shown visualizations of the time it takes to ship from Venlo to 

warehouses in Chicago and Columbus, respectively. Transportation of goods to Chicago takes on 

average 31.5 days and the logistics process to Columbus contains 35.4 days on average. The expected 

lead time of 28 days is barely met as only 33% of the shipments to Chicago are on-time and not a 

single shipment to Columbus arrived within the estimated 4 weeks. Moreover, the total shipping time 

is very unstable with standard deviations of respectively 5.9 and 3.9 days. The outlier of 55 days can 

be mainly clarified by the delay in leg 4.  
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Figure 3.15: Total lead time from Venlo to Chicago Figure 3.16: Total lead time from Venlo to Columbus 
 

         

To gain insight into the main driver of lead times, the value of travel time, waiting time, and transfer 

time for each shipment is calculated. Assumed is that the travel time from Venlo to Rotterdam 

contains one day of the total time in leg 1. The same applies for leg 4 in which the travel time from the 

container yard to the warehouse in Columbus is one day of the total time in. Transfer times in leg 1 

and leg 4 are not included due to data availability and short duration in general. Handling time is out 

of scope as the lead times CUSA report included loading time in waiting times and unloading time in 

travel times. It is hard to make assumptions about the duration of these handling components. The 

results per shipment are shown in Figure 3.17.   

 
Figure 3.17: Value of transit components in total lead time from Venlo to Columbus 

The graph shows that the total lead time from Venlo to Columbus consists of 49.1% travel time, 0.2% 

transfer time and 49.7% waiting time on average. These results indicate that waiting time is the key 

element of transit times. Only about half of the time shipments are moving during transportation time.  

In Table 3.4 and 3.5 are shown the average time of each component for every leg for shipments from 

Venlo to Chicago and Columbus, respectively. On the route to Chicago the waiting time at the port of 

loading (leg 1) is the highest, while for shipments to Columbus the most waiting time is spend at the 

container yard before rail transportation (leg 3). 
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Table 3.4: Average number of days per component of total lead time from Venlo to Chicago 

 Travel time Transfer time Waiting time Total time 

Leg 1 1 NA 6.67 7.67 

Leg 2 11.17 NA NA 11.17 

Leg 3 4.21 0.29 2.25 6.75 

Leg 4 1 NA 4.88 5.88 

Table 3.5: Average number of days per component of total lead time from Venlo to Columbus 

 Travel time Transfer time Waiting time Total time 

Leg 1 1 NA 6.55 7.55 

Leg 2 11.05 NA NA 11.05 

Leg 3 4.23 0.45 8.5 13.18 

Leg 4 1 NA 2.64 3.64 

3.4  Limitations 

Above analysis allows identifying sources of long and fluctuating lead times but still some results 

remains unexplained due to several limitations.  

First, data of the lead times CUSA report is not always consistent. All actual event dates have to be 

filled in manually which makes the data prone to errors. As an example, the typing error in the actual 

time of departure at the port of loading for shipment 5146399 makes that times in leg 1 and leg 2 are 

incorrect, and also causing a wrong departure on-time performance.  

Second, restrictions apply to the availability of the data. The data extracted from SAP only contains 

shipping information in terms of the departure time at the origin and the departure time at the port of 

loading. Océ is not able to determine the travel time from origin to the port of loading, transfer time at 

the port of loading and loading time of the ship, also known as handling time. As there is no data 

concerning the time it takes to process formalities by the port, the waiting time of a shipment cannot 

be identified. The lead times CUSA report doesn’t include information concerning transfer times, 

waiting times and travel times in leg 4. And so, it is difficult to clarify the high fluctuations in this leg. 

Another limitation of this data source is that only data from quarter 3 of 2018 is available. Seasonal 

effects cannot be analyzed due to the lack of data availability over a longer period.  

Third, there is a lot of unknown information regarding responsible carriers. Many parties are involved 

in the transportation of a shipment but the rail carrier in leg 4 and truck carrier used from leg 4 are not 

known. Moreover, there is no systematic review on causes of long lead times which makes it hard to 

evaluate the drivers of fluctuations.  

3.5  Conclusion 

In most tracks of the supply chain has been seen high fluctuations with low on-time performance 

statistics. The main component of the lead time is waiting time at ports and container yards. Sources 

that cause long transit times and influence instability of transportation are shown in Table 3.6. The 

sources of fluctuating lead times can also lead to long lead times as instability represents short and 

long lead times. Delays in any leg in turn can affect the whole logistics plan. 
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Table 3.6: Overview of sources of long and fluctuating lead times 

 Long lead times Fluctuating lead times 

Leg 1 Carriers require that containers have to be earlier in 

the harbor for port formalities. The growth of 

containership sizes increases the loading time of 

ships. 

Bigger ships negatively impact the number of 

departures: lower availability of sea transport. Delays 

of trucks, disruptions in ports and customs problems.  

Leg 2 Increasing fuel costs, environmental regulations and 

growth of containership sizes cause slow steaming. 

Bigger ships also negatively affect unloading time of 

ships. 

Congestions at ports, terminal productivity, weather 

circumstances and mechanical issues.  

Leg 3  Lack of communication between transport parties, 

congestions at container yard, availability of rail 

transport, customs problems and congestions at the 

track or rail yards. 

Leg 4 Drayage to the warehouse only scheduled as soon as 

possible after arriving of the shipment at the container 

yard. 

Truck driver availability and congestions at container 

yard. 
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4 Choice of supply chain visibility 

This chapter emphasizes the use of literature, expert interviews and internal research in order to 

answer sub research question 4: What kinds of solutions for supply chain visibility are applicable to 

control the outbound logistics process? Section 4.1 presents a review of scientific contributions 

relating to the definition of supply chain visibility, an overview of the key drivers of this theory is 

given in Section 4.2 and a list of potential benefits when applying this principle is shown in Section 

4.3. Challenges of achieving supply chain visibility are discussed in Section 4.4. In Section 4.5 

possible applications are evaluated by previous studies, expert interviews and internal research. 

Section 4.6 concludes the chapter.  

4.1  Supply chain visibility definitions 

Supply chain visibility relates to access and sharing information related to the strategy and operations 

of all supply chain partners. Despite supply chain visibility is a commonly used expression in the 

world of transport and logistics, its meaning is still somewhat ambiguous and several definitions have 

been proposed. Hence, a review of scientific contributions relating to definitions of supply chain 

visibility is presented. 

Research carried out by Bhosle et al. (2011) suggests that supply chain visibility is all about how 

organizations capture data from various parties to extract critical supply chain information. A study of 

Williams et al. (2013) explains supply chain visibility as the access to high quality information that 

describes various factors of demand and supply. Barrat and Oke (2007) define supply chain visibility 

as the extent to which supply chain partners, inside and outside the organization, have access to or 

share information which they consider as key or useful to their operations and which they consider 

will be of mutual benefit. Vitasak (2005) describes supply chain visibility as software applications that 

permit monitoring of events across a supply chain. Tse and Tan (2012) propose that supply chain 

visibility can be broadly defined as traceability and transparency of supply chain processes including 

logistics activities and transport as well as the state of events and milestones that take place before and 

during transit. McCrea (2005) says that supply chain visibility is the ability to be alerted to exceptions 

in supply chain execution, and enable action based on this information. According to Kulp et al. 

(2004), supply chain visibility is the ability to use visibility tools to enhance and support the decision 

making process of management upstream and downstream along the supply chain. Goh et al. (2009) 

decomposed supply chain visibility into inventory, demand and logistics visibility based on the 

availability of information. 

These definitions, while not totally consistent, do highlight three characteristics of supply chain 

visibility: accessibility, quality and usefulness. Accessibility is the ability to capture and to integrate 

information. Quality includes the timeliness, accuracy and completeness of information. And 

usefulness means the extent to visibility helps in decision making in terms of improving operational 

processes and improving strategic competencies. To gain further insight into the characteristics of 

supply chain visibility and the better define them, we thoroughly analyzed text fragments in academic 

studies dealing with these features. This process captures seven key concepts as subcategories of the 

three characteristics of supply chain visibility. In Table 4.1 are shown the concepts examined in each 

research. 
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Table 4.1: Examples of text parts on supply chain visibility characteristics in the articles analyzed 

Author 

Accessibility Quality Usefulness 

Ability to 

capture 

information 

Ability to 

integrate 

information 

Information 

timeliness 

Information 

accuracy 

Information 

completeness 

Ability to 

improve 

operational 

efficiency 

Ability to 

improve 

strategic 

decisions 

Barrat and 

Oke 

(2007) 

    x x x 

Bhosle  et 

al. (2011) 
x x    x x 

Kaipia and 

Hartiala 

(2006) 

x    x x  

McCrea 

(2005) 
x x x  x x  

Tse and 

Tan 

(2012) 

x  x x x   

Vitasak 

(2005) 
x x    x  

Zhang et 

al. (2011) 
x x x  x   

Information sharing technology is an essential component in accessibility of supply chain visibility. As 

parties have their own local data systems with various capabilities, information technology must be 

employed and integrated across multiple parties. New technologies now exist to enable capturing and 

accessing data. 

Kaipia and Hartiala (2006) reports that supply chain visibility does not mean that an organization 

shares all information with its partners, but the information shared across the network must be of good 

quality and relevant in making informed and fact based decisions. For illustrative, Williams et al. 

(2013) looked at the extent to which the information is accurate, timely and complete and Kaipa and 

Hartiala (2006) say that information is only meaningful when it comes to improving efficiency and 

effectiveness of the supply chain.  

In short, supply chain visibility has been an illustrative term. It is widely used but is open to 

interpretation; it means different things to different people, thereby adding to miscommunication and 

confusion. In this research, the focus is on improving operational activities and therefore supply chain 

visibility is defined as collecting and analyzing real time information related to shipments, including 

logistics activities and the status of events and milestones that occur during transportation of goods, to 

enable shipment tracking and control over this process by supply chain disruption management and 

continuous improvement of the supply chain. 

The act of decision making and the decisions themselves are out of scope.  
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4.2  Key drivers of supply chain visibility 

Globalization, competition and growing complexities in the marketplace have made it more difficult 

for companies to get a handle on their supply chain networks, meaning companies are searching for 

technology solutions that can help them to navigate through the uncertainty. Accordingly, the supply 

chain visibility concept gained traction. 

As globalization is increasing, supply chain visibility has become an area of increased interest within 

the supply chains (Silvera, 2017). Outsourcing is taking the supply chain outside the four walls of an 

organization; the whole process involves a network of resources scattered across facilities and entities 

in different cities and countries all over the world. Hence, collaboration with partners becomes a 

fundamental aspect in order to manage the supply chain properly. 

Another driver of supply chain visibility is today’s competitive market. As a result, many customers 

expect short cycle times and are less tolerant to late deliveries or mistakes. A survey by Forrester 

Research found that nearly 80% of B2B buyers want supply chain visibility when they make a 

purchase. Specifically, when waiting for a purchase to be delivered, they want to receive updates on 

the status of their orders, such as Estimated Time of Arrival (ETA) and real-time location information. 

They rate ability to track and trace orders as being very important. If supply chain performance fails to 

meet their expectations, customers won’t hesitate to switch suppliers. To be brief, in this increasingly 

competitive environment, supply chain visibility can be useful to identify changing customer 

preferences and needs.  

The Geodis’ 2017 Supply Chain Worldwide Survey has shown that more than 70% of 623 respondents 

described their supply chain as very or extremely complex. Only 6% of those who participated in the 

study say that they had full visibility within their supply chain. Aberdeen studies reveals that the 

increase in the number of suppliers, customers, carriers, and transport and logistics modes and 

channels change the importance of collaborative synchronization between all parties in the 

performance of the supply chain. Consequently, there is a need for focusing on improving visibility in 

the context of growing complex supply chains.  

4.3  Benefits of supply chain visibility 

The primary purpose of supply chain visibility is to improve performance in terms of efficiency and 

effectiveness of the supply chain (Wei and Wang, 2007). As stated by the survey of Geodis (2017), 

visibility into critical elements across end-to-end logistics network enables for example a closer 

collaboration with partners, better risk anticipation, an extended degree of control over process, 

elevated customer satisfaction and higher profitability. Coronado (2015) suggests that supply chain 

visibility contributes to reduction of business and supply chain risk, improvement of lead times and 

performance, and identification of shortage and quality problems along the supply chain. Golicic et al., 

(2002) in their research pointed out that complete visibility allows improvements in delivery speed, 

precision in delivery, increased competitive advantage and overall improvement in the supply chain.  

In order to make the advantages of supply chain visibility more tangible, several studies propose 

evaluating the benefits of this concept in terms of performance indicators (Kulp et al., 2014; Tse and 

Tan, 2012). Bhosle et al. (2011) divided the effectiveness of the overall supply chain in four key areas: 

agility, resilience, reliability and responsiveness as shown in Table 4.2. Supply chain visibility helps to 

measure and control these areas.  
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Table 4.2: Key areas of supply chain effectiveness 

Area Description 

Agility The ability to change supply chain processes, goals, partners, facilities and other 

tangible aspects in an efficient and effective manner. 

Resilience The capacity to manage risks and uncertainties with minimal impact, to operations 

whether in terms of magnitude or duration. 

Reliability The capacity to meet commitments on supply chain effectiveness (e.g. quality, 

timeliness, cost, availability and service level). 

Responsiveness The ability of the supply chain to capture information and respond within a reliable 

timeframe to changes in the supply chain including changes in demand, capacity, 

regulations, the competitive environment, or any other aspect which has potential to 

impact business value. 

4.4  Challenges in achieving supply chain visibility 

Many organizations have already implemented or are in the process of implementing supply chain 

visibility (Bhosle et al., 2011). However, gaining complete visibility of a supply chain in a way that all 

relevant data can be gathered, processed and analyzed in real time is not easy. According to a survey 

by Aberdeen Group, 75% of the respondents rate supply chain visibility as among the major 

challenges they currently face (Heaney, 2013). The main difficulties of supply chain visibility 

are discussed in Section 4.4.1 and 4.4.2, while Section 4.4.3 discusses the growth of information 

technology. 

4.4.1  Sharing of information 

One of the most challenging issues being faced by firms is the sharing of critical information between 

all areas of the supply chain (Mahadevan, 2010). In most companies information exists in silos. The 

fragmentation of data is designed to serve the purposes of individual departments instead of that of the 

entire supply chain. In addition, with regard to the environment of supply chain members, each of the 

suppliers, distributers and customers has their own information management system, and so not 

commonly shared with other partners (Coronado, 2015). In order to capture data from disparate 

systems and integrate these systems of all companies and tiers in a supply chain, organizations must 

trust their supply chain partners and embrace technology. Both aspects are explained in the following 

paragraphs.  

TRUST 
“You simply cannot build the type of relationship you need to share real-time data without trust.” 

stated Osamu Matsushita, KPMG’s Industrial Manufacturing Leader for Japan. Trust is defined as the 

degree to which supply chain partners have the intention and ability to work for the good of chain 

(Morgan and Hunt, 1994). Various authors have recognized that trust is one of the key parameters that 

support supply chain collaboration (Kahn et al., 2006; Vlachos and Bourlakis, 2006). If there is a lack 

of trust, firms may not intend to collaborate with supply chain partners or even worse, parties may 

withhold critical information within the chain. The same applies for divisions within an organization. 

And so, collaboration between departments as well as between supply chain members is crucial in 

sharing of actual data (Coronado, 2015).  
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TECHNOLOGY 
Another obstacle that businesses encounter is the lack of the right technology by some organizations. 

For instance, a standard global IT platform is missing to pass data between disparate information 

systems (Zuckerman, 2004). A technology that captures and accesses data is important in visibility 

across the supply chain. This aspect is discussed in more detail in Section 4.4.3. 

4.4.2 Transforming data into usable information 

A study by Barrat and Oke (2007) proposed that the concept of information sharing is not directly 

linked to improvement in performance. Instead it is the use of data to improve visibility that helps to 

identify factors that allow competitive advantages. With analytically derived insights from supply 

chain information, organizations are able to enhance and empower the supply chain. Aspects that are 

crucial in achieving these insights are using analytical software solutions and employing talent with 

the right skills. 

KPIs 
A challenge that companies are facing is selecting of the KPIs used for analysis. Several methods of 

establishing and prioritizing KPIs are reported in the literature to identify the KPIs that are more 

relevant to organizational goals than others. For example, Caridi et al. (2014) use Analytical Hierarchy 

Process to prioritize supply chain performance measures. Another approach to define which indicators 

are suitable is applying the SMART (Specific, Measurable, Attainable, Realistic and Time-sensitive) 

technique.  

TECHNOLOGY 
Once the data is communicated up and down the supply chain and the KPIs are defined and 

prioritized, advanced analytics methods supported by information technologies that can robustly 

analyze, clean and interpret the data are needed. This enables extracting significant information and 

performing analysis of logistics factors such as lead times to ensure proper functioning of the supply 

chain.  

SKILLED PERSONNEL 
At times companies have the required visibility tools but firms do not have personnel required to use 

these tools correctly (Tumaini and Zheng, 2011). Skilled staff is needed. Teams of data scientists are 

essential if manufactures want to compete in the global marketplace 

4.4.3 Information technology trends 

In previous sections is showed that information technology plays an important role in the concept of 

supply chain visibility. An unprecedented growth of this concept has been experienced over the last 

years. To gain insight in this concept, the evolution of information technology is discussed.  

Swaminathan and Tayur (2003) argued that the internet has made it easier to share data. Information 

technology innovations such as cloud computing are now making data storage and data sharing 

possible. The extension of internet connectivity lays in the Internet of Things (IoT) which is 

recognized as one of the most important areas of future technology in a wide range of industries (Lee 

and Lee, 2015). IoT can assist in capturing data, enhancing communication infrastructure, and 

providing information processing across systems. For instance from a logistics perspective, an IoT 

platform can continuously monitor the location and conditions of cargo and send specific alerts when 

management exceptions occur (e.g. delays and damages).  
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The blockchain technology is the backbone of a new type of internet. It is a growing list of records 

which are linked using cryptography. In logistics this technology can enable data transparency and 

access among relevant supply chain stakeholders, creating a single source of truth. Additionally, 

blockchain can accelerate the flow of goods and achieve cost savings by powering leaner and more 

automated processes. In short, blockchain is useful to achieve supply chain transparency and 

traceability, and faster and efficient logistics in global trade (DHL Trend Research, 2018).  

With the emergence of IoT and blockchain, information technology is growing. The progress of 

information technologies can greatly improve supply chain visibility applications in terms of 

increasing transparency and efficiency of supply chains. 

4.5  Supply chain visibility solutions 

In this section potential supply chain visibility solutions are discussed. A control tower strategy is 

evaluated in Section 4.2.1, an example of an internal tool is discussed in Section 4.2.2 and possibilities 

in building an own customizable application are reviewed in Section 4.2.3. 

4.5.1 Control tower 

Many companies are looking to the concept of a control tower that provides supply chain visibility. A 

control tower solution is an external platform that continuously aggregate data from an extended 

network of suppliers and carriers to monitor, manage and control decisions to optimize the supply 

chain. As all resources are connected, a control tower is able to provide visibility across the entire 

network, sharing collaborative information in real time and exception management to resolve supply 

chain disruptions before they disrupt the business. In addition, its analytical functionalities enable 

better decision making and improve efficiency and service. The core fundamentals and underlying 

functions are similar for each control tower. However, from literature research and expert interviews 

emerged that various types of solutions exists. An overview of the top companies and the application 

names according to Capgemini is provided in Appendix F.  

As this research focuses only on outbound transportation, an implementation of a supply chain control 

tower seems to contain many unnecessary aspects for controlling the outbound logistics processes. 

Although applications with a limited scope exist, most companies would rather have a system that 

covers the entire supply chain. Therefore, it is also useful to investigate possibilities of a control tower 

with functions related to the whole network 

In order to identify if a control tower approach really adds value to the business, a cost benefits 

analysis has to be performed. With respect to the expenses, implementation costs of a control tower 

with powerful analytics tools are high and on top of that, usually running fees are charged. Advantages 

vary from reducing transportation and labor costs to improving order reliability and traceability. The 

benefits of a control tower depend on the type of solution. And so, more research into the capabilities 

of potential applications is needed to decide if a control tower solution is a valuable investing. 

Two challenges that have to be overcome in the implementation of a control tower are trust issues (i.e. 

unwillingness of companies to openly share information) and the fact that all parties have to work with 

one standardized solution. Both aspects are linked to supply chain collaboration in order to improve 

the performance of the entire chain. 
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4.5.2 Business intelligence tool 

To identify potential solutions for supply chain visibility, applications of already used systems are 

explored. At present, Océ is working with booking platforms Infodis and ShipItSmarter. As most of 

the shipments are booked via ShipItSmarter, supply chain visibility capabilities on this platform are 

evaluated.  

ShipItSmarter provides a business intelligence tool where in-depth analysis of valuable shipment 

information can be made. Based on the analysis, companies can make better decisions on changes and 

improvements in outbound, inbound and return flows. ShipItSmarter offers three types of analysis 

tools and an advanced module for customized reporting which are shown in Table 4.3. 

Table 4.3: Functionalities of business intelligence tool per module 

Business Intelligence tool ‘Advanced Reporting’  

Basic module  Business module Business Plus module Advanced module 

Shipment overview 

Non-booked shipments 

Shipment overview 

Financial income overview 

Invoice data check 

Freight audit 

On-time delivery 

Carrier performance 

management 

Exception report 

Shipment overview 

Financial income overview 

Invoice data check 

Freight audit 

On-time delivery 

Carrier performance 

management 

Exception report 

plus 6 customized reports 

Own customized reports 

BASIC MODULE 
In the Basic module a shipment overview and non-booked shipments are shown. The former gives an 

immediate overview of the total shipments per month as well as the average number of packages per 

shipment. The latter provides daily insight to which shipments are not booked so firms can take action 

and stay in control over all shipments. Filters such as specific carriers give more insight in who is 

shipping what and the performance of carriers. This report helps to control the shipping process, 

freight spend and carriers.  

BUSINESS MODULE 
The application can be extended with a Business module which includes six additional reports that 

support the business and logistics processes: financial income overview, invoice data check, freight 

audit, on-time delivery, carrier performance management and exception report. A business module 

also contains an expanded version of the shipment overview section with a visualization of volumes 

being shipped to each region allowing further analyze of using the right carriers for shipment types.  

A financial income overview, an invoice data check and a freight audit helps to control the financial 

part of the supply chain. On-time delivery report offers an independent overview comparing planned 

and actual delivery times per carrier and provides delivery trend information. With these insights, 

carrier weaknesses are easily spot resulting in better decision making in choosing the right carrier for 

different shipment needs. The carrier performance management part goes a step further and uses 

carrier status data to identify late shipments. Status information is linked to different responsible 

parties, which gives an overview of carrier performance and helps to identify and process flaws that 



 

 

33 

result in shipments delays. As ShipItSmarter highly depends on the availability of shared status 

information and capability differs per carrier, results vary. In the exception report are shown 

outstanding shipments that should have been delivered as well as the latest shipment status. This 

information enables to pro-actively contact customers and inform them of any late shipments.  

BUSINESS PLUS MODULE 
The Business Plus module is based on reports of the Business module but can be extended with a 

maximum of six customized reports which suits the business. These customized reports will be setup 

for any required format.  

ADVANCED MODULE 
In the Advanced module, companies can even create their own business intelligence dashboard in 

ShipItSmarter. An advanced version of the reporting tool and trainings related to this application helps 

companies in creating their own customized reports which can be published within the ShipItSmarter 

environment. The only limitations of customized reports are that the data must be available in 

ShipItSmarter and the report lay out is based on the reporting and graph capabilities of the platform. 

Regarding the costs, ShipItSmarter charges fees for the implementation of a module and running fees 

per transaction with a minimum fee per month. Monthly fees include maintenance, support, release 

and upgrades of the system. Further a charge for consultancy and customization activities is charged. 

In Appendix G is shown an overview of the costs for this tool.  

A restriction of this solution is that only shipments booked via ShipItSmarter can be analyzed by this 

tool. In other words, either multiple applications are needed to cover information of all shipments or 

Océ has to decide to always use ShipItSmarter for booking a shipment to gain a unified view of all 

shipments. Further research is needed in decision making processes related to the use of transport 

booking systems. 

4.5.3 Own customized application 

Another potential supply chain visibility solution is to design our own application that provides real 

time visibility, measures shipping performance and monitors shipments. When customizing the tool, 

data integration, data processing and presenting the data in meaningful and an easy to understand way 

has to be done by our self. Any sheet in the application can be designed the way it is preferred. As 

well as flexibility in the development of a tool, a customizable solution generates low costs. Various 

free programs are available for building an application and labor costs are low.  

Potentials challenges with this solution can be limitations in the use of information technology (e.g. 

inability of integrating data sources and limited capacity of handling data) and own responsibility for 

maintaining the application. For example, when new versions of software are launched or if the 

content of the data file is changed. 

4.6  Conclusion 

In order to select a supply chain visibility solution, it is important to analyze if an application is a truly 

value to the company by identifying how a system helps in solving the problem and understanding the 

cost structure. The former aspect can be defined in terms of financial benefits as well as in terms of 

qualitative benefits such as better customer service and efficient communication. 
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Table 4.4: Outline of supply chain visibility solutions 

 Pros Cons 

Control tower Many capabilities 

Advanced information technology 

High costs 

Trust issues 

One standardized solution 

Business intelligence tool 

ShipItSmarter 

Multiple modules 

Customizable modules 

Maintenance included 

High costs 

Limited functionalities 

Restricted to book shipments via 

ShipItSmarter 

Own customized application Low costs 

Edit own preferences 

 

Limited information technology 

possibilities 

Own maintenance responsibility  

Table 4.4 outlines the pros and cons of each supply chain visibility solution: a control tower strategy, 

the business intelligence tool provided by ShipItSmarter and an own customized tool.  

A control tower provides many capabilities in order to optimize the supply chain by making a 

significant impact from operational to strategic level. However, the decision to establish a control 

tower has significant economic and interpersonal implications, so the solution first needs to be 

carefully considered before jumping in. The option of the business intelligence tool of ShipItSmarter 

provides various sections of supply chain visibility but has restrictions in terms of functionalities and 

coverage of shipments. Given the fact the Océ uses multiple platforms for transport bookings, 

investing in this solution seems not attractive.  

Based on the fact that these two options entail high costs, a customizable application is designed as a 

proof of concept. Basically, this supply chain visibility solution can be built at low costs and 

subsequently used to identify added values of such application. The design of the tool is addressed in 

Chapter 6 and 7. 
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5 Data validation 

In this chapter relevant data sources that fall within the scope of outbound logistics are discussed, an 

answering sub research question 4: What is the quality of data with regard to sea shipments? Section 

5.1 identifies which data sources exists and defines where the data is located. In Section 5.2 statistical 

analysis and process mining are used to get better understanding of the data and to identify 

bottlenecks. With these insights the quality of the data is evaluated. Section 5.3 focuses on 

preprocessing of the data in order to provide input for the supply chain visibility solution and Section 

5.4 concludes the chapter.  

5.1  Data sources 

In this section data retrieved from SAP and the Status Shipping Message (SSM) portal are discussed.  

5.1.1 SAP 

The SAP database is already introduced in Section 3.1 since data from this source has been used in the 

analysis of the lead times. In this section, the usage of SAP software in outbound logistics processes is 

discussed in more detail. All elements related to transport planning of a shipment are applied by hand 

starting with the order entry moment.  

When an incoming order is accepted by the CS department, an order (number) is created in SAP. The 

order includes information about its items (e.g. quantity, material and status) and the requested 

delivery date which represents the FOB moment. The CS department assigns stock to the order which 

releases the allocated part of the order for warehousing to create a SAP shipment and start the pick and 

packing process. A shipment can contain multiple orders. Then the TES department takes control over 

the transport planning. Figure 5.1 gives an overview of the planning tab of the shipment in SAP which 

is used to manage the transportation process of a shipment. All cells in this section are filled in 

manually by an employee of the TES department. 

 

Figure 5.1: SAP planning module of a shipment 
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Looking at the Identification tab, for each shipment (number), the seal number and the shipment route 

with corresponding route ID are determined by the TES department. The bill of lading, the container 

ID and the name of the vessel are known from the received booking confirmation. 

The Deadline tab is divided into two parts: planning and execution. Based on the booking 

confirmation, the planning of the shipment events can be filled in. The loading start cell corresponds 

to the date of leaving the plant in Venlo, shipment start represents the departure time from the port of 

origin and shipment end characterizes the time of arrival in the port of destination.  

For the execution column, a process is marked as complete at the time it is finished. When the booking 

is done, the planning cell is checked off and the same applies for performing the check-in, loading 

start and loading end processes which need no further explanation. Once the shipment leaves the plant 

of Océ, the shpmt completion signal is marked and a confirmation of leaving the port results in an 

execution of the shipment start status. Since Océ doesn’t receive any information regarding the status 

of a shipment after leaving the port of origin, the shipment end cell remains always empty. 

In case of postponement of a shipment, the planning of the loading start, shipment start and shipment 

end are adjusted. In the end, the planning and execution dates of these processes have to be the same. 

Though, experience shows that the shipment start date is not always adjusted in case of a changed 

departure date. 

5.1.2 SSM portal 

The Shipping Status Message (SSM) portal is a database developed by Descartes on contract with 

Canon. This database includes a log of transport activities for each container which belongs to Canon. 

Two times a day many, but not all, logistics service providers share the actual status with 

corresponding location of these containers. In addition, when the estimated time of arrival (ETA) at 

the port of departure of a container changes, the responsible shipping company provides a revised 

ETA. This planned status is also presented in the SSM portal.  

Table 5.1: List of shipping status codes 

Status code Status type Status name 

AE Actual Loaded on vessel 

AF Actual Departed from pick-up location 

AG Planned ETA 

AL Actual On rail 

AR Actual Rail arrived 

AV Actual Container available notice / shipment available for delivery 

CD Actual Empty container pick-up at origin 

CO Actual Cargo received at place of receipt 

CR Actual Carrier released 

CT Actual Customs released 

CU Actual Carrier and customs released 

D Actual Delivered 

EE Actual Empty equipment dispatched 

FT Actual Free time expired 

I Actual Full gate in at origin 

OA Actual Full gate out from ocean terminal 
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RD Actual Empty container returned to contractor 

RL Actual Rail departed 

UR Actual Off rail 

UV Actual Full container discharged 

VA Actual Vessel arrived at port of discharge 

VD Actual Vessel departed from port of loading 

Table 5.1 gives an overview of all codes that are used to represent the statuses. Each status code 

consists of a status type and a status name. Other fields that are important in the transport log are status 

time, time difference to GMT (in hours) and time zone. Shipment information such as carrier name, 

shipper, consignee, container number, booking number and bill of lading number are also provided, 

where the latter three are relevant in identifying the shipment. 

5.2  Data quality 

In order to define if the data sources, in particular the SSM portal, are valuable for Océ, the quality of 

data is determined. Data quality refers to the degree to which a set of characteristics of data fulfills 

requirements. In this research, the data quality dimensions that are used to evaluate data of both 

sources (i.e. SAP and SSM portal) are: 

 Completeness refers to whether all available data is present; 

 Consistency represents the absence of differences between the data items representing the 

same objects based on specific information; 

 Conformity means the data is following the set of standard data definitions such as data type, 

size and format; 

 Accuracy is the extent to which data correctly reflects the real world object; 

 Uniqueness means the state or quality that each data recorded is unique; 

 Timeliness is the degree to which the data is up-to-date and available within acceptable 

duration. 

As the data in SAP is used as a base for sea transport bookings, it is assumed that all sea shipments of 

Océ are included in this platform. Additionally, the assumption is made that shipment numbers in SAP 

and container numbers in the SSM portal are correct since they are used as unique identifier.  

5.2.1 SAP 

First, the data completeness is measured by percentage of null values in certain fields. For example 

shipment details such as container ID, bill of lading number, seal number and vessel name. Results 

show a completeness of 98.8% indicating that the data is almost complete.  

Second, the ratio of SAP shipments that are covered in the SSM database is determined to define the 

accuracy. In SAP, all sea shipments to warehouses in the USA with a shipment start date in the third 

quarter of 2018, representing 252 records, were selected and matched with the containers shown in the 

SSM portal for the same period. The latter data source includes 3683 status observations for 331 

containers. Since shipments can contain several containers, a container can include more than one 

shipment and a container can be used multiple times in a period, the container number and the bill of 
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Figure 5.3: Division of bill of lading errors in SAP 
 

Figure 5.4: Division of containers errors in SAP 

lading (BOL) of a shipment are combined together into a shipment ID to match the data. As a result, 

accuracy of the SSM data can be defined which also affects the consistency.  

 

Figure 5.2: Mismatches in shipment IDs of SAP and SSM shipments 

As shown in Figure 5.2, roughly 85% of the SAP shipment IDs corresponds to those in the SSM 

database. The remaining 15% of the SAP shipment IDs cannot be found in the SSM portal. These 

mismatches can be clarified by input errors in SAP which can be divided into two categories: 

container errors and bill of lading (BOL) errors. The big majority of the errors can be clarified by 

mistakes in the BOL. 

The bill of lading number has a carrier code and multiple digits. Looking at the BOL errors, there are 

two types of errors that occur: typing errors and incorrect BOLs. A typing error can be explained by a 

wrong character, a missing character or a character to much in the bill of lading number. A bill of 

lading is defined as incorrect when the BOL number contains more than one wrong character or more 

than one character is missing. Figure 5.3 shows that most of the mistakes in the BOL can be clarified 

by an entirely wrong bill of lading number. These 20 errors can be split up in 12 cases in which more 

than one wrong character are observed and in 8 cases in which the carrier code is missing.  

     

 

A container number consists of four capital letters, representing the owner code and product group, 

followed by 7 digits, referring to the registration number and check digit. Mistakes that happen can be 

divided into two groups: typing errors and missing container numbers. A typing error means a wrong 

character, a missing character or a character too much. The definition of a missing container number is 

quite obvious. In Figure 5.4 is seen that 4 out of 6 shipments are typos and 2 shipments do not include 

a container number.  

85% 
(215) 

12% (31) 
3% (6) 

Mismatches in shipment IDs  
SAP vs SSM 

match

no BOL match

no container
match

61% 
(20) 

33% 
(11) 

6% 
(2) 

Bill of lading errors 

incorrect value

typing error

missing value

33% 

0% 
67% 

Container errors 

typing error

incorrect value

missing value
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In short, most of the errors in the bill of lading and container number are human errors which can be 

explained by the fact that employees of the TES department have to fill in the SAP shipment details by 

hand. And people make mistakes all time. SAP shipments that cannot be found in the SSM portal are 

excluded from further analysis. Hence, the accuracy of the data input (e.g. bill of lading and container 

number) is very important. 

Other data quality factors are evaluated as well. It is hard to determine the consistency of all data 

items, since there are not many data sources available representing the same objects. The accuracy of 

the container and bill of lading numbers which is described in previous paragraphs shows that not all 

data (i.e. about 85%) is consistent due to input errors. In addition, a detailed analysis shows that 62.6% 

of the values for the actual date of departure at origin given in SAP are consistent with the SSM portal. 

98 percent of these cases show an earlier date in SAP, while the other 2% display a later date. For the 

actual date of departure at the port of loading only 33.3% of the values in SAP are equal to the SSM 

portal. All these cases present a later date in SAP compared to the SSM database. In short, there is 

some conflicting information resulting in inconsistency. The conformity is almost perfect. Dates and 

times related to transportation milestones are given in the same format. Details such as shipment 

number and vessel name contain integer and characters, respectively. The format of bill of lading 

number consists of integers and characters but sometimes also includes spaces or minus signs. The 

same applies to the container numbers. This negatively affects the conformity aspect of the field. The 

uniqueness is good as there is just one field for each data item. This means no double shipments are 

possible and each field cannot record more than once. The timeliness depends on when transport 

employees receive shipment details from booking platforms and when they enter shipment details in 

SAP. They often process the obtained information within one working day.  

5.2.2 SSM 

To gain understanding of the data that can be obtained from the SSM portal, process mining is used. 

This technique is useful for process discovery, conformance checking and process analytics. Along 

with the conceptual and theoretical development, a wide range of software tools exists to assist with 

this analysis. One such tool is Disco from Fluxicon. Disco provides in generating visual and actionable 

insight about processes from raw data. The steps in order to use this tool for analyzing data retrieved 

from the SSM portal are explained below.  

1) Import the data set with status information of all sea shipments in the third quarter of 2018. 

2) Map the requirements for the analysis: 

 Case ID – container number  

 Activity – status code with corresponding status name 

 Timestamp – date and time of a status 

 Resources – carrier, port of loading, port of departure and status location 

3) Run the process mining tool to discover processes by process map animations with various 

degrees, detailed statistics, exploring data down to single cases and using filters to drill down 

into your data. 

In Figure 5.5 is given a process map of the data set including all actual status updates and the most 

important paths. It shows how the transportation process of sea shipments has actually been executed 

based on status updates retrieved from the SSM portal. Not all paths are included as the processes can 

become quite complex and confusing when every detail and all exceptional paths are shown. 
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Moreover, the status ETA (AG) is excluded in this analysis as it operates as the expected time of 

arrival at the port of departure and is revised by the carrier in case of changed plans at any time. 

 

Figure 5.5: Process map of shipping states messages given in the SSM portal 

The start of the process is illustrated by the triangle symbol at the top right of the process map. 

Similarly, the end of the process is given by the stop symbol at the bottom. Activities (i.e. shipment 

statuses) are represented by boxes and the process flow between two activities is visualized by an 

arrow. Dashed arrows denote activities that occurred at the very beginning or at the very end of the 

process. By default, the absolute frequencies are displayed in the numbers of the arcs and in the 

activities. The thickness of the arrows and the coloring of the activities visually support these 

numbers.  

The dashed arrows indicate that the shipping process starts with status loaded on Vessel (AE), Empty 

equipment dispatched (EE) or Cargo receipt at place of receipt (CO). The former status is only a 

starting point for incomplete cases. In Appendix H is shown the process map in which incomplete 

cases are excluded from the analysis pointing out that only status EE and CO are starting points of the 

shipping process. Almost all shipments have status EE as starting point, while only 7 out of 195 

shipments start the process with status CO. Zooming in on single cases show that status EE is used by 

Ocean Network Express and MSC, while status CO is used for containers that are shipped by Maersk.  
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Shipping status EE is followed by status Empty container pick-up at origin (CD) and Full gate in 

origin (I) where origin represents the port of lading. The status times of both statuses are always 

similar. This implies that these statuses are either executed at the same time or straight after each 

other. The shipping process continues with status Loaded on vessel (AE). This status functions as the 

end point of leg 1 and the starting point of leg 2.  

Next, most shipments get the status Vessel departed from port of departure (VD) which seems quite 

reliable. Other flows after status AE are Carrier released (CR) or Customs released (CT) followed by 

Carrier and customs released (CU). The former path is only used for containers shipped by Maersk. 

All other containers follow the latter path. Leg 2 ends with status Vessel arrived at port of discharge 

(VA) which seems quite reliable.     

Leg 3 starts with the discharge process representing the flow from status VA to Full container 

discharged (UV). This status is followed by five different paths: 

1) Loaded on vessel (AE) 

2) On rail (AL) followed by Rail departed (RL) 

3) Full gate out from ocean terminal (OA) 

4) Departed from pick-up location (AF) 

5) Free time expired (FT). 

The majority of the containers get status AE which is already used in leg 2 to represent loading 

containers on the vessel. Here, status AE characterizes loading of containers on the train. A smaller 

part get status AL followed by RL as starting point of rail transportation. Both flows finish leg 3 by 

status Rail arrived (AR). This means that for containers that follow path 1 no status is given in case of 

departure of the train. Analysis shows that containers departed from the port of Rotterdam or the port 

of Bremen use path 1, while path 2 is followed by containers with Penang as port of loading.  

Path 3 represents containers that do not include rail transportation from the port of discharge to the 

warehouse. This holds for warehouses close to the port of discharge which can be reached by truck. 

The fourth path only applies for drop shipments which are out of scope. The fifth path occurs just one 

time implying an exception. 

The discharge process of leg 4 is represented by the flow from status AR, to Container available 

notice (AV) and Off rail (UR). After this status, the next step of the container is status Full gate out 

from ocean terminal (OA). This is the start of the travel time from container yard to the warehouse. 

The final status is Empty container returned (RD) representing the container is unloaded.  

In short, multiple status codes are used to indicate similar logistics events. For instance, the starting 

point of the shipping process is represented by either status EE or CO depending on the carrier. 

Another example is that either status AE or AL is executed when the loading part of rail transportation 

starts. At the same time, status codes are used multiple times to represent different transport activities. 

For example, status AE indicates loading of a container on a vessel or on a train. Therefore, the data 

consistency is not optimal.   

To get a feeling of the data availability in the SSM portal, a visualization of shipments per consignee 

is shown in Figure 5.6. Roughly three quarters of the shipments are organized to fulfil orders of 

CUSA, approximately 10% is sent to the RSHQs of Korea, Japan, China and Australia, and 14% of 

the records show a blank. In Figure 5.7 are shown the port of loadings that are used to ship a container. 
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Figure 5.7: Percentage of containers in the SSM portal 
per consignee 
 

Figure 5.6: Percentage of containers in the SSM portal 
per port of lading 
 

The majority is shipped via the port of Rotterdam. That is reasonable because the main factory is 

located Venlo which is close to this harbor. Also products from Poing are consolidated in Venlo. 

Additionally, many sea connections and an extensive intermodal transportation network make the port 

of Rotterdam is attractive.  

    

 

In order to determine the completeness, all sea shipments in the third quarter of 2018 are extracted 

from SAP and compared to data in the SSM portal. The container numbers are used as unique 

identifier to match containers in SAP to containers in the SSM database. As not all shipping 

companies share their data, not all containers are matched: 226 out of 245 containers are found in the 

SSM database. This means that 92.2% of the containers are covered in the SSM portal. 

 

Figure 5.8: Percentage of containers not covered in the SSM portal per consignee 

Figure 5.8 gives an overview of RSHQs of containers that are missing. About 36% of the containers 

that are not available in the SSM portal are shipped to Singapore. These 13 containers correspond to 

all containers with destination Singapore. In addition, almost all containers to Japan, nearly half of the 

containers to China and 4 out of 14 containers to Australia are missing as well. This is mainly caused 

by the fact that China COSCO Shipping and Evergeen are not sharing their shipping status data. Since 

Ocean Network Express and Maersk are sharing this data, all containers to CUSA are available in the 

SSM database. 

Another aspect that impacts the data completeness is the limitation of historical data. The portal can 

keep shipping status messages for 90 days, older data is deleted. In order to analyze data over a long 

timeframe, data has to be extracted and saved manually for multiple periods. 
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Fields in the SSM database that contains missing values are carrier Name, Vessel, Voyage, Shipper, 

Consignee, B/L#, status Name, Time Diff and Time Zone. For the latter two fields holds that missing 

values only occur for locations Elizabeth, Melrose Park, Sydney and St. Petersburg. Data in the third 

quarter of 2018 shows that 186 out of 3683 observations contain missing values which corresponds to 

5%. This finding implies that the completeness is not perfect, neither the accuracy. 

With regard to conformity of the data, the status times are displayed in different formats and also the 

consignee names are not consistent. The uniqueness is determined by zooming in on the process map. 

The paths are showed in more detail now and show that various codes are executed multiple times. 

This contains 3% of the total number of shipping status messages. The timeliness depends on when 

carriers execute the shipping status message and when they upload them in the SSM portal. The 

performance of the former is difficult to figure out and the latter is shared twice a day.   

5.3  Conclusion 

A summary of the information and quality of each data source is shown in Table 5.2. 

Table 5.2: Overview of available data sources  

 SAP SSM portal 

Description Shipment details (e.g. shipment number) 

Actual and planned events of customer service, 

warehouse and transportation process 

Shipment details (e.g. container number) 

Status information: code, name, location and time 

Completeness All shipments are available in SAP 

1.2% missing values 

92.2% of containers found in SSM portal as not 

all shipping companies share their data 

5% missing values  

Data available up to 90 days ago. 

Consistency 98% of actual departure times at origin are 

consistent to SSM portal 

36% of actual departure times at port of lading 

are equal to SSM portal 

Multiple statuses are used for the same logistic 

event depending on the carrier 

Status AE is used for multiple logistics events 

 

Conformity Nearly all variables use the same format. Some 

BOL and container numbers contain minus signs 

and spaces, while others do not. 

Status time is given in different formats 

Consignee names are not consistent 

Accuracy Typing errors in container numbers (3%) 

Typing errors in bill of lading numbers (12%) 

Changed departure times are not consequently 

adjusted 

It is assumed that the status shipping messages 

are correct 

 

Uniqueness No double shipments or records recorded 3% of statuses are duplicates 

Timeliness Depends on whether a carrier sends the 

shipment details and transport employees enter 

this data 

Updated twice a day 
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6 Design of application 

This chapter helps to answer sub research question 5: How to use data for monitoring the process of 

outbound logistics? As Chapter 4 concludes to create a customized application, the focus is on the use 

of data in designing this tool. Hence, this chapter outlines the design process of the application that 

enables monitoring of the outbound logistics process. 

In order to design the supply chain visibility solution, a requirements analysis is performed. In 

defining requirements, a distinction is made between business requirements, user requirements and 

system requirements. All three types of requirements are different and serve different purposes. In 

Figure 6.1 is shown the framework of gathering requirements (dos Santos Soares and Vrancken, 

2011). 

 

 

 

 

 

 

 

 

 

 

In Section 6.1 is given a recap of why this project is undertaken and describes the objectives of the 

design. Section 6.2 contains the user requirements which are identified based on internal interviews 

and a literature research on KPIs. Section 6.3 refers to the technical functionality of the solution and 

the requirements that specifies criteria that can be used to judge the operation of the application in 

particular conditions. Then the results of this analysis are combined into the design specifications for 

the tool. From there, three application components are designed, as displayed in Chapter 7.  

6.1  Business requirements 

For this thesis, the emphasis is to get control on the process of the outbound goods flow. The lack of 

shipment visibility causes low responsiveness in case of disruptions and subsequently results in 

shipment delays. This in turn negatively affects customer satisfaction and increases costs. 

Additionally, there is no systematic review on the performance of outbound logistics processes to 

identify inefficiencies. As a result, the following objectives are formulated: 

1. Create shipment transparency 

2. Manage unplanned events 

3. Recognize inefficiencies of lead times 
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• Sponsor point of view 

• Scope of project 

• Business objective 

USER REQUIREMENTS 

• User point of view 

• User goals 
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• Non-functional 
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Figure 6.1: Requirements analysis framework 
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6.2  User requirements 

To identify what the user actually wants the supply chain visibility solution to do, internal interviews 

are conducted. Also a literature review is performed on the KPIs that are useful in analyzing the 

performance of outbound logistics processes. 

6.2.1 Internal interviews 

A set of 5 interviews were conducted within the TES department, the CS department and the transport 

division of Canon Regional Sales Headquarters in the USA. The aim of these semi structured 

interviews was to gather insight on the requirements with regard to visibility across the outbound 

transportation network. The dialogues also served to identify possible key performance indicators to 

evaluate performance of outbound logistics activities. The interview protocol includes two main 

subjects, relating to the fifth sub research questions. Firstly, the interviewees were asked about their 

needs in the field of supply chain visibility and the second questions subject focused on the 

requirements related to functionalities of the solution.  

The main finding is that all departments require a system that provides visibility across the whole 

supply chain. From there, the following needs came forward: (1) shipment tracking and tracing (2) 

faster responding to any unexpected situation and (3) evaluating shipping performance.  

With respect to generating track and trace products throughout the entire supply chain, aspects that are 

important in such system are real time information terms of status and location of a shipment. In 

addition, actual information regarding the expected time of arrival at the warehouse is required.  

Another outcome from the interviews is that there is a need to identify problems faster to improve 

responsiveness. From a CS department point of view, they want to be informed when an order is not 

allocated in time in order to find the cause and to react. The same applies to the performance of 

warehouse operations. The TES department requires a notification message in case of any delay such 

as exceeding the expected time of sea transportation or a cancelled departure. The transport division of 

CUSA is interested in alerts when arrival and departure times are not met or in case of long period 

without movements of a shipment. In short, in case of plan changes an alert has to be generated which 

shorten response times to enable faster decision making.  

The third need is defined as the ability to evaluate the shipping performance. Especially the TES 

department is interested in the on-time performance in terms of departure and arrival. Furthermore 

they want to get insight in the transit times per leg and identify bottlenecks in the outbound logistics 

processes. With this information, the performance of carriers can be analyzed. The CS department 

already uses own KPIs to measure the performance of allocation, warehouse and departure at the 

origin and port of loading. Though, an integrated platform that covers all these factors is preferred. 

Other interesting topics mentioned by CS department are systematic measurement of the percentage of 

undamaged goods and the number of claims in terms of transport and quality issues.  

6.2.2 Systematic literature review on logistics metrics 

To be able to analyze the shipment performance, key performance indicators (KPIs) are introduced. A 

literature research is performed to obtain a list of performance metrics in the area of transportation. In 

addition, stakeholders are asked to rank a selection of these indicators as well. The most relevant KPIs 

are selected to use for the analysis. 
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Table 6.1: Results of a logistics metrics survey (Byers and Cole, 1996) 

Logistics metric Ranking 

  Transportation Distribution 

On-time delivery 6.83 6.67 

Complete and damage-free delivery 6.83 6.33 

Accurate freight bills 6.17 5.8 

Timely response to inquiry and claims 6 5.8 

Order cycle time 5.5 6.6 

Average transit time 6.4 5 

Percentage backorders 4 6.14 

Order accuracy and completeness 6 6.57 

Customer communication 6 6.33 

Service level 6.5 6.14 

Inventory accuracy  5 6.5 

Forecast accuracy 5 5.75 

Order selection 5 6 

Order administration 4 5.67 

Order shipping 4 6.2 

Percentage loss or damage in storage 4 6.17 

Throughput dollars per total inventory 0 6.4 

Order throughput cycle time 6 6.8 

Value of inventory adjustments 0 6.33 

Replenishment cycle time 5 6 

Percentage transaction processing errors 0 5.5 

Number of orders shipped per year 1 5.5 

Total logistics costs as a percentages of sales 6 6.25 

Net profit as a percentage of sales 6 6.8 

Table 6.1 summarizes the results from a survey of metrics used by major US companies in the 

transportation and distribution sector (Byers and Cole, 1996). In the transportation column is shown 

the average ranking on a scale of 1 to 7 with 1 being ‘not important’ and 7 indicating ‘very important’ 

for each metric based on responses from managers in the transportation area. The distribution column 

shows the average ranking for the same metrics based on input of managers in the distribution function 

(Kasilingam, 1998).  

As this research focuses on the transportation process, on-time delivery and complete and damage-free 

delivery are considered to be most important metrics. This is confirmed by the interviewees. The 

service level, average transit time and accurate freight bills are also important.  

A more elaborated list of KPIs is ranked by supervisors from the TES and CS department. The metrics 

are divided in three groups: shipment costs, service quality and throughput. Indicators related to 

shipment costs and throughput are selected based on transport responsibilities of Océ. The list of 
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metrics with respect to service quality is based on a combination of logistics metrics found in the 

literature and responsibilities of Océ. The average results per department are shown in Table 6.2. 

Table 6.2: Outcome of KPIs ranking 

Logistics metric Ranking 

 TES department CS department 

Shipment costs   

Costs per shipment 3 7 

Costs spend per carrier 3 3 

Costs spend per shipping route 3 4 

Service quality   

% on-time departure at port of loading 7 5 

% on-time arrival at port of discharge 7 6 

% on-time delivery at warehouse (RSHQ) 7 7 

Transit times per leg 7 4 

% complete and damage free delivery 3 2 

% utilization of truck capacity 1 1 

% accurate freight bills 1 0 

Accuracy of status updates 6 3 

Throughput   

Number of orders shipped per carrier  6 0 

Number of orders shipped to each RSHQ 5 0 

Based on these rankings, on-time delivery at the warehouse is the most important metrics in 

performance management of outbound transport processes. Other important factors are on-time 

departure and arrival of sea transport as well as cost per shipment and transit times per leg. Also the 

accuracy of status updates and the throughput is identified as useful by the TES department. 

6.3  System requirements 

This part of the analysis split two types of requirements: non-functional requirements and functional 

requirements. The former outlines how the application works and are defined below. The latter 

determine what the system should do and is described in Chapter 7. 

 Accessibility means that the application should be accessible as easily as possible for users; 

 Usability refers to the ease with which the user is able to learn, operate and interpret output 

through the system; 

 Efficiency means that the solution should be able to handles capacity, throughput and 

response time; 

 Maintainability is the ease with which a fault in system can be identified and fixed.  
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7   Prototypes 

This section outlines for each component the functionalities with corresponding design in order to 

achieve supply chain visibility. For the prototype development, the R programming language is used. 

The infrastructure in R enables users to interact with data through applications. Shiny is an R package 

that makes it easy to build interactive web tool straight from R and combines the computational power 

of R with the interactivity of the modern web.  

Section 7.1 defines the data input, followed by a description of the track and trace system in Section 

7.2. The functionalities of the alert system are explained in Section 7.3 and the KPI dashboard is 

introduced in Section 7.4. The components of the design are evaluated in Section 7.5.  

7.1  Data input 

The data sources introduced in Chapter 5 are used as input for the supply chain visibility solution. The 

SAP data contains shipment details such as container number and bill of lading which are used to 

combine information from SAP to the SSM portal. In addition, the planned and actual transport 

deadlines in the outbound logistics process are retrieved from SAP to evaluate on-time departure and 

arrival of sea transport. This contains the ATD.origin, ETD.port and ETA.port. 

In order to use the SSM data in our supply chain visibility solution, the actual statuses are 

distinguished between administrative and logistics events. The former provides details such as 

releasing customs and carriers, while the latter involves important milestones of the shipping process 

like arrival and departure times. Furthermore, the planned status AG is used as expected time of arrival 

at the port of destination.  

As discussed in Chapter 5, multiple status codes are used for similar activities depending on various 

aspects such as the carrier and the port of departure. Shipments that fall within the scope are shipped 

by Ocean Network Express or Maersk and transported via the port of Rotterdam. Hence, the outbound 

logistics process is analyzed based on the logistics statuses used by these carriers. These status codes 

cover more than 95% of the containers in the SSM portal. Administrative statuses are disregarded for 

the convenience. A schematic representation of outbound transport by logistics statuses is shown in 

Figure 7.1.  

 

Figure 7.1: Outbound logistics process with status codes 

The green parts represent travel times, orange fragments correspond to transfer times and red 

characterize the waiting times during outbound transport. For shipments that do not have rail 

transportation, status codes AE, AR and UR are not used and so left out in the analysis.  

7.2  Track and trace system 

The first step towards monitoring the outbound goods flow is achieving visibility of real time 

shipment information. Therefore, a track and trace system is designed which offers the possibility to 

directly request the status of sea shipments. The application enables to retrieve real time shipment 
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information based on providing a shipment number. This functionality makes the tool accessible for 

the TES department. A prototype of this component is shown in Figure 7.2.  

 

Figure 7.2: Track and trace system 

The sidebar includes menu items that behave like tabs and input fields. Clicking on one menu item 

shows directly a different set of content in the main body. In Figure 7.2 the Track & Trace menu is 

opened. The input fields are used for importing data and generating information.  

On the top left of the main body is shown a box which indicates if the shipment is either in process or 

delivered. In Appendix I is shown an example of a shipment that is already delivered. Other shipment 

information that is provided in this box is the actual status with corresponding location and the actual 

expected time of arrival at the warehouse (i.e. ETA.warehouse). When the expected time of arrival in 

the port of destination is revised by the carrier, also known as status ETA (AG), the system 

recalculates the new shipment’s ETA at the warehouse based on average historical data. The timeline 

allows following each step of the process. Logistics events as well as administrative are displayed. 

In addition to these functionalities, relevant shipment details such as container ID, booking number 

and bill of lading number are provided. Also information regarding the sea transportation is listed: 

carrier, vessel, port of lading and port of discharge. The plus sign can be used to open a list of 

shipments that are also included in the container. 

7.3  Alert system 

In order to improve responsiveness in case of disruptions, an alert system is developed. An alert is a 

message that notifies users about a situation that might require manual action or review. Alerts are 

raised when specific events occur or when a defined alert condition is met. 

Designing alerts messages is about setting a performance threshold above which an alert needs to be 

generated. To specify this threshold, a boundary value needs to be designed which is still in the 

acceptable range of the metric. As there are two severity levels for a threshold, namely warning and 

critical, two threshold settings are needed. Warning values are generated when potential problems 
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might lead to substantial reduction in performance. A critical value is send if a significant decrease in 

the performance is observed.  

The alert system raises alerts in case of departure delays, arrival delays and long waiting times. In 

addition, an alert is generated when the shipment is not discharged within 1 day. The thresholds are set 

in cooperation with the TES department. In Table 7.1 are shown the notifications generated under 

certain conditions followed by an explanation of these alert messages.  

Table 7.1: Alert messages generated by the alert system 

Message Warning Critical 

Departure delay at port of lading if ETD.port > System.time + 1 if ETD.port > System.time + 4 

Arrival delay at port of destination if ETA.port > System.time + 1  if ETD.port > System.time + 4 

Discharge time is more than 𝑥 days if duration.VA > 1 

or if duration.AR > 1  

if duration.VA > 2   

or if duration.AR > 2   

Waiting time is more than 𝑥 days If duration.UV > 2 

or if duration.UR > 2 

If duration.UV > 5 

or if duration.UR > 5 

Leg 1 contains travel time and waiting time. There are no estimations of arrival and departure times 

for transport from origin to the port of lading. Hence, delays in this part cannot be detected. The 

waiting time at the port depends on the time needed for port formalities as described in Chapter 3 and 

departure times of the vessel. For departure and arrival delays of sea transportation, the threshold is set 

to generate a warning when the shipment is more than 1 day late. The flexibility of one day is given 

for small delays. Once a warning or critical value related to departure or arrival delays of sea transport 

is received, first the cause of the delay has to be identified. From there, possible actions steps may 

have been taken. As the possibilities in changing transport mode or switching from carrier is quite low 

in this transportation process, the actions steps are limited. Important is to inform stakeholders that are 

involved in the shipping process about the situation.  

 

Figure 7.3: Alert system 
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Discharge time has a maximum of 1 day in particular. When this milestone is not achieved, the 

transport department has to review the actual situation of the involved shipment. Historical data shows 

that this rarely occurs though. 

Waiting time at the port and container yard is the key factor in long and fluctuating lead times. In 

order to aware involved parties of long waiting times, the alert system generates a warning value when 

a period of 2 days without movement is detected. This enables parties to check if transport for the next 

part is arranged and to take action steps when necessary. There is a lot of flexibility in reducing 

duration of this transit time component. When the threshold of 5 days without movement is reached, 

the shipping performance is significantly impacted.  

In case of an alert message it is important to check the revised estimated time of arrival at the 

warehouse. When it is expected that the shipment will arrive later than the initial ETA, the customer 

has to be informed. This delay communication shows transparency to the customers and allows them 

to take action to reduce the impact of the delay. In Figure 7.3 is shown the prototype of the Alert 

system. In tab Settings, thresholds of the alert messages can be adjusted. 

7.4  KPI dashboard 

The purpose of this component is to evaluate shipping performance and identify bottlenecks in the 

supply chain. Based on literature research, insights from internal interviews and data availability, on-

time performance and average transit times are the metrics that are included in the solution.  

 On-time performance is split up into delivery performance at the warehouse, on-time 

departure at the port of loading and on-time arrival at the port of destination. To identify the 

extent of a delay, also the average lateness in days is measured. 

 The average transit times are calculated for each leg which is divided into transfer time, 

handling time and waiting time.  

A filter is an essential part of building an effective KPI report. Filters enable to specify one or more 

search conditions to limit the features used to create visualizations. Filtering options can be time (i.e. 

year, month, day), carrier, port of loading, port of destination and RSHQ. The prototype of the KPI 

report is shown in Appendix J. 

7.5  User evaluation 

In order to check if the prototypes meet user requirements, the application was presented to employees 

of the TES department, CS department and other logistics divisions. The feedback confirmed that the 

system is working as required, however some remarks came forward: 

 In order to make the application accessible for multiple departments, shipment tracking 

information should also be generated by providing the PO number; 

 There is a need to get a view of the times per leg for each shipment on every route. This 

information gives insight in the fluctuations of the shipping process; 

 A user manual is required to use and maintain the application. 

All remarks are implemented in a later stage. 
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8 Contribution of supply chain visibility application 

This chapter describes whether and how the application can be used to contribute towards proactively 

monitoring of outbound logistics, and answering sub research question 6: How can monitoring the 

outbound logistics process using supply chain visibility contribute to reduce lead times and improve 

lead time reliability? 

In Section 8.1 is described in added value of shipment transparency in terms of customer satisfaction. 

Section 8.2 defines the potential cost reductions as exception management enables higher 

responsiveness and Section 8.3 identifies the contribution of the KPI dashboard. Section 8.4 concludes 

the chapter.  

8.1  Shipment transparency 

With the functionalities of the track and trace system, users can easily check their shipments as they 

move through the fulfilment process. The application provides transportation activities from time to 

time and an accurate expected time of arrival. All departments benefit from this component as they 

have shipment transparency across the whole chain by providing either a PO or shipment number.  

The track and trace system is also a crucial component in improving customer satisfaction. A survey 

by Forrester Research indicates that 78% of B2B buyers rate the ability to track and trace orders being 

very important to their overall satisfaction. With this application end customers can be informed 

directly when they call about the movement of a shipment. The current and past locations of the 

shipment are available and moreover, the ETA is revised in case of changed plans. For now Océ will 

be the user of the application but, CUSA and maybe other RSHQs are seen as potential users as well.  

In short, the contribution of the track and trace function can be defined as the ability to have real time 

information of the status and location of the shipment. Consequently, customers can easily retrieve the 

progress of its shipment which in turn results in better customer service.  

8.2  Exception management 

Alerts provide basic decision support for transport planners. With the information they are able to 

review unplanned events and possibly take proactive decisions to reduce the impact of the bottleneck. 

One of the main benefits of the alert system is lead time reduction. To identify the impact of 

decreasing lead times, the initial situation has to be compared to the ideal situation. 

LEAD TIME REDUCTION AND ON-TIME PERFORMANCE 
Both shipping routes from Venlo to warehouses in the USA are evaluated. In Figure 3.15 are shown 

the total lead times for sea shipments from Venlo to Chicago in the third quarter of 2018. The average 

lead time is 31.46 days with a standard deviation of 5.81 and an on-time performance of 33.3%. In 

Figure 3.16 are displayed the total lead times for sea shipments from Venlo to Columbus for the same 

period are shown. It shows an average lead time of 35.41 days, a standard deviation of 3.8 days and an 

on-time performance of 0%.  

The ideal situation is based on the impact of the alerts related to waiting times. The alerts related to the 

waiting time are interesting as waiting time is the main component of lead times. A container waits 

after the discharge moment in leg 3, also known by status UV, for rail transport to a container yard of 

Chicago of Columbus, respectively. Another waiting moment is the time after rail arrival at the 
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container yard in leg 4 represented by status UR. The container has to wait till it is transported to the 

warehouse by truck. Another driver of focusing on reduction of waiting time is the fact that in this part 

of the supply chain can be taken action in order to arrange transport to the next destination as soon as 

possible.  

For both status codes can be set a threshold to give a warning or a critical message. A warning alert is 

generated when the duration of status code UV is more than 2 days. The same applies to status code 

UR. The critical message is send when the container is waiting for more than 5 days. In the ideal 

situation is assumed that transport for the corresponding container can be arranged within the day of 

receiving a warning alert. With this in mind, the duration of status code UV takes 3 days and the 

duration of status code UR takes 3 days. The lead time results under these conditions are shown in 

green in Table 8.1. The mean (µ) and standard deviation (σ) are given in days. 

Table 8.1: Impact of generating alerts regarding waiting times 

Duration in days Venlo to Chicago Venlo to Columbus 

UV               UR µ σ on-time % µ σ on-time % 

3                 3 27.25 2.30 62.5% 28.82 2.79 40.9% 

3                 4 28.13 2.33 50.0% 29.27 2.70 33.3% 

4                 4 29.00 2.47 45.8% 30.27 2.70 25.0% 

4                 5 29.63 2.72 41.7% 30.64 2.64 20.8% 

5                 3 28.42 2.56 41.7% 30.77 2.81 27.3% 

5                 4 29.29 2.56 41.7% 31.32 2.82 22.7% 

6                 3 28.54 2.65 41.7% 31.73 2.85 13.6% 

initial situation 31.46 5.81 33.3% 35.41 3.80 0% 

For both routes the average lead time as well as the lead time reliability is significant higher than in 

the initial situation. Also the on-time performance is determined. As port disruptions, rail transport 

capacity problems and mechanical issues exist, pursuing the ideal situation is almost impossible. 

Hence, scenarios with different waiting times are analyzed. Table 8.1 shows that even for a total 

waiting time of 9 days the lead time reliability significant increases and an average lead time reduction 

of 2 days for both routes is observed. 

 

Figure 8.1: Lead times from Venlo to Columbus under different alert conditions 
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Figure 8.2: Waiting times at port of New York for 
containers from Venlo to Chicago 

Figure 8.3: Waiting times at container yard of Chicago 
for containers from Venlo to Chicago 

COSTS 
These potential lead time reductions in terms of duration and variability may result in increasing 

financial performance by decreased in-transit costs and demurrage costs. Improvement of on-time 

performance may affect the downtime costs. Additionally, costs that come from late deliveries of 

machine components may also decline. These cost savings for are discussed in short below. 

The two main types of cost of capital arise from holding inventory at warehouses and during 

transportation, also known as in-transit costs. The inventory level is the quantity on hand. RSHQs 

store inventory of service parts and consumables in their warehouses. Also a few RSHQs hold a small 

number of machines. With respect to service parts from Venlo, for the past 12 months, CUSA has had 

an in-transit monthly average of approximately $2.7 million ~ €2.4 million. On average there are 30 

days in a month, and so any reduction in the lead time would be valued at €78,000 per day. The total 

inventory position (on-hand plus in-transit) averages between 8 and 9.5 weeks of stock. This 

represents the expected lead time (i.e. 2 weeks of internal processes and 4 weeks of transport) plus a 

buffer mainly based on uncertainty in lead times. Till now CUSA do not feel comfortable reducing 

their on-hand inventory as the lead time reliability is quite poor. The ideal situation in Figure 8.1 

shows that more than 95% of the containers arrive within 5 weeks. A reduction in the inventory 

position seems reliable under these conditions.  

Containers are stored in terminals (i.e. storage of port or container yard) in order to wait for being 

picking up and out gated by the shipping line. It might happen that containers cannot be shipped out 

because of customs problems or transportation delays. Once the free time (i.e. 7 days) expires, 

demurrage costs are charged for the number of calendar days the containers has to be stored in the 

port. Charges increases the longer the container stays on the terminal. For the first 5 days is charged 

€30, from the 6th to 14th day €50 and from the 15th day on €60 per container.  

   

 

In Figure 8.2 and 8.3 are displayed the waiting times at the port of New York and the container yard of 

Chicago under different alert conditions. In the initial situation represented in blue, the demurrage 

costs are equal to €90 and €1,520, respectively. These are the costs over a period of three quarters. The 

demurrage costs in the ideal situation are equal to €0. An analysis on the demurrage costs for 

containers on the route from Venlo to Columbus showed similar results. The graphs are shown in 

Appendix K. In the initial situation the costs are equal to €2600 and €180 for waiting times at the port 

of New York and container yard of Columbus, respectively. Under the ideal situation the demurrage 

costs are equal to €0. And so, a potential cost saving of €4390 per quarter is identified. 
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With the decrease of lead times, on-time performance is increasing as displayed in Figure 8.1. The 

impact of this improvement depends on the goods that are delivered. Better on-time performance of 

service parts, leads to lower downtime costs of machines, for example when a service part is required 

for machine repair. It is hard to quantify these costs as they depend on the customer and the type of 

machine. A rough estimate of €180 per hour of downtime costs for the VarioPrint i300 was used 

several years ago. For 24-hour system availability, this equals €4320 per day.  

A delay in delivery of machines affects costs associated with the installation process. For instance, 

operators are scheduled to install a machine at a certain moment. In case materials are not available in 

time, they cannot start the installation process but they can start working on tasks that have to be done 

either before or during installation of the machine. The impact of a small delay (e.g. one day) is quite 

limited. However, machine components that are further delayed result in increasing costs related to 

operators such as labor costs, travel costs and hotel costs. The labor costs for an operator are equal to 

€43 per hour. The number of operators needed for installation of a machine depends on the type of 

machine. For example, for the VarioPrint i300 four operators are required in the first week of the 

process and 2 in the second week. An extra day of work results in €1376 per day.  

8.3  KPI dashboard 

Metrics used in the KPI dashboard are on-time performance and transit times per leg. These KPIs 

enable to evaluate the shipping performance of carriers. The performance of various carriers can be 

compared to each other in order to improve decision making in selection of carriers. The same applies 

to the evaluation of harbors. Congestions, seasonal trends and terminal productivity affect the 

performance of the ports. A systematic analysis on the performance of a port can be helpful in 

changing shipping routes.  

8.4  Conclusion 

To conclude, an overview is given on how a component of the supply chain visibility solution 

contributes to improving lead time duration and reliability. 

Table 8.2: Contribution of application components 

Application component Contribution 

Track & Trace Provides shipment transparency which in turn positively affects: 

 customer satisfaction 

 communication lines 

 reputation 

Alert system Acting on alerts that notifies long waiting times helps in reduction of lead times in terms of 

duration and reliability. Any reduction in lead time would be valued by €78,000 per day for 

service parts. The ideal situation results to the following cost savings: 

 demurrage costs (€4390 per quarter ~ €1463 per month) 

 downtime costs (€4320 per machine per day) 

 labor costs (€1376 per machine per day) plus travel and hotel costs of operator 

KPI dashboard Performance metrics such as transit times and on-time performance helps in evaluating the 

carrier and analyzing the performance of shipping routes. With decision in this field, the lead 

time duration and reliability can be improved. 
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9 Conclusion 

9.1  Research questions 

This report studies the lack of control of the outbound logistics processes impacting customer 

satisfaction and financial performance. Research possibilities of supply chain visibility solutions are 

analyzed. As a result, an application that captures shipment tracking, alert management and shipping 

performance is designed to measure and monitor the outbound goods flows. In addition, it is 

investigated how this tool helps to improve customer satisfaction and cost savings. This section shows 

the main findings and answers to the sub research questions in order to answer the main research 

question: 

How can a supply chain visibility solution contribute in achieving control over the outbound logistics 

processes in order to improve customer satisfaction and reduce costs? 

Answering of the main research question lies directly in the answers to the sub research questions. The 

summarized answers to the sub research questions are shown below. 

1. What is the current situation within the context of the outbound goods flow? 

Outbound logistics contains three goods flows: machines, service parts and consumables (and media).  

The former operates in a make-to-order environment, while the latter two are produced according to a 

make-to-stock approach. For transportation of machines, preparation guidelines in terms of shipping 

and handling are used. Also special equipment and properly trained operators are required for the 

installation part. With regard to service parts, various maintenance strategies and multiple stocking 

points are applied in order to meet customer needs. 

The outbound logistics process starts with an incoming order handled and arranged by the Customer 

Service department followed by picking and packing processes coordinated by the Warehouse 

department. Then the Transport and Export Service (TES) department starts working on the transport 

booking. This procedure is the same for each mode of transport: air, sea, road and express. As the 

focus of this research is on sea transportation, only outbound transport of sea shipments is discussed 

further.  

The division of responsibility across the chain of transportation is based on the Free on Board (FOB) 

term meaning that at the point goods are delivered on board of the vessel, the risk and costs in the 

delivery of goods passes from Océ to the RSHQ. The TES department only arranges transportation 

from the origin to the port of loading, while transport from the port of loading onwards is outsourced 

to multiple logistics service providers. This fragmentation adds complexity to outbound logistics 

activities. There is currently no overall coordinating function to share relevant shipment information 

across the transportation network. 

2. What causes of long and fluctuating lead times do exist and why do they occur? 

An analysis on the outbound transportation activities showed that multiple sources of long and 

fluctuating lead times exist. Each part of the shipping process is analyzed individually based on key 

performance indicators, literature research regarding trends across the shipping industry and internal 

interviews.  
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First, sea freight trends such as increasing containership sizes and higher fuel costs negatively affect 

lead times in terms of duration and reliability. Bigger ships lead to fewer departures causing lower 

flexibility of sea transportation planning. Loading and unloading takes much more time and in 

addition, not all ports have the right construction or enough capacity to handle these ships resulting in 

port congestions. With the trend of increasing fuel costs, many companies apply the slow steaming 

approach which has significant impact on the sea transportation time.  

Second, it has been found that waiting time at ports and container yards is the main component of lead 

times. About half of the transportation time shipments are not moving. Factors that results in long 

waiting times are congestions at ports and container yards, and low truck driver availability. The 

availability of rail transport depends on the season. Another issue is poor collaboration between 

parties. As information related to shipping progress is not systematically shared, parties cannot 

respond to above described situations. For instance, transport from the container yard to the warehouse 

is only scheduled after arrival of the shipment at the container yards is confirmed. 

Other factors that impacts lead times are port formalities, weather circumstances and mechanical 

issues. These issues are more or less out of scope.  

3. What kinds of solutions for supply chain visibility are applicable to control the outbound 

logistics process? 

A literature review is conducted to gain insight into the theory of supply chain visibility. Although this 

concept has become popular it remains poorly understood. For this research supply chain visibility is 

defined as collecting and analyzing real time information related to shipments, including logistics 

activities and the status of events and milestones that occur during transportation of goods, to enable 

shipment tracking and control over this process by supply chain disruption management and 

continuous improvement of the supply chain 

Firms face problems in capturing data from disparate systems and integrate these systems of all 

companies and tiers in a supply chain. With the trend of increasing technologies such as cloud 

computing, the Internet of Things and blockchain, sharing and access data becomes easier. Once the 

data is communicated up and down the supply chain, the next challenge is to transform this data in 

powerful information and insights. Hence, three possible supply chain visibility solutions are 

evaluated: an external control tower, an internal business analytical tool provided by ShipItSmarter 

and an own customizable application. For selecting a solution, it is important to identify cost and 

benefits. As the costs of the first two options are relative high, an own supply chain visibility solution 

is developed as a proof of concept.  

4. What is the quality of data with respect to sea shipments? 

The planning module in SAP contains shipment details and information regarding actual and expected 

dates of milestones within the transportation plan such as departure time at the origin and arrival time 

at the port of discharge. The accuracy of data in SAP is affected by typing errors in container numbers 

(3%) and typing errors in bill of lading numbers (12%). As transport planners have to fill in this 

information manually, the data is prone to errors. In addition, changed departure times are not adjusted 

in SAP resulting in that one in three actual departure times at the port of lading is incorrect.  

The Status Shipping Message portal includes data about the actual and planned statuses of containers 

which belong to Canon. Two times a day shipping companies share the status name and location of 
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these containers. This data source is affected by missing values (5%) and since not all service 

providers share their data, the database is not complete. Though, nearly 92% of the containers in SAP 

are covered in the SSM portal. A limitation is that the data is available up to 90 days ago. The 

consistency is not perfect as multiple statuses are used for the same events and that the same statuses 

are used for different events. This mainly depends on the carriers. 

5. How to use data for monitoring the process of outbound logistics? 

An essential part in designing an application that enables supply chain visibility is requirements 

gathering. The business requirements are identified based on the problem context and internal 

interviews are conducted within different departments to define the user requirements and system 

requirements. Results of this analysis specify three needs in order to achieve visibility throughout the 

entire supply chain: shipment tracking and tracing, an alert system in case of disruptions and an 

overview of shipping performance based on KPIs. 

A track and trace function is needed to check transportation activities from time to time. In addition, 

the application provides an accurate expected time of arrival at the warehouse. When delays occur, the 

application recalculates the steps in the process in real time and adjusts the ETA.  

With this real time information in combination with the R programming language, an alert 

management system can be implemented. An alert is send when a threshold is exceeded. The alert 

system provides messages in case departure and arrival delays, extended discharge times and long 

waiting times. The responsible party in the supply chain is able review and react based on these alerts.  

The KPI dashboard shows the quality of service for each shipment. KPIs such as on-time performance 

and in-transit time are useful in evaluating each part and each stakeholder of the supply chain.   

6. How can monitoring the outbound logistics process using supply chain visibility contribute to 

reduce lead times and improve lead time reliability? 

The contribution of the track and trace function can be defined as the ability to have real time 

information of the status and location of the shipment. Consequently, customers can easily retrieve the 

progress of its shipment which in turn results in better customer satisfaction. Using a collaborative 

system that provides real time information and communication in a structure way for all departments 

provides numerous qualitative improvements such as lead time improvement. Moreover, this 

transparency increases the reputation of the firm as it is better to inform proactive instead of reactive.  

Alert management increases the responsiveness of involved parties which in turn reduces lead times in 

terms of mean and variance and improves on-time performance. There is flexibility in reducing 

waiting times of containers at ports and containers yards. With respect to in-transit service parts, a 

reduction of 1 day would be valued by €78,000 per day. Additionally, the ideal situation (i.e. total 

waiting time is reduced to 6 days) shows potential cost savings such as reductions of demurrage costs, 

downtime costs of machines and labor costs of operators.  

The KPI dashboard helps in decision making. Performance metrics such as transit times and on-time 

performance helps in evaluating the carrier and analyzing the performance of shipping routes. With 

decision in this field, the lead time duration and reliability can be improved.  
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9.2  Recommendations 

Several recommendations for Océ follow from this study and are listed below. Some can be 

implemented directly. Other represents recommendations to continue the research.  

1. Deploy the supply chain visibility application 

Océ currently faces challenges in monitoring the outbound logistics process. The supply chain 

visibility application that was constructed throughout this study offers a means to track goods, 

provides visibility into the movement of goods which aids better decision making in disruptive 

management and contributes to continuous improve supply chain performance. Shipment tracking 

improve customer satisfaction and support in decision making enables lead time reduction with all its 

financial advantages. Therefore is recommended to directly start using the model in the day-to-day 

operation.  

2. Encourage shipping companies to share status information of their containers 

Many shipping companies share data in terms of the status and location of container’s and provide 

revised ETAs. Though, not all shipments of Océ are covered in the SSM portal resulting in an 

incomplete visualization of shipments. For instance, containers shipped by China COSCO Shipping 

and Evergreen are missing. When carriers are aware of the added value of sharing this data, a unified 

platform with all relevant shipment information could be realized. Thus, encourage shipping 

companies to share status information of their containers in order to achieve completeness of the data. 

3. Improve data quality 

Analysis on lead times revealed some incorrect container numbers as well as mistakes in bill of lading 

(BOL) numbers in data retrieved from SAP. Because of this not all shipments can be matched with the 

SSM data and consequently they are not processed in the application. Hence is recommended to 

improve the accuracy of the data input. A suggestion for achieving this is to copy container and BOL 

numbers directly from the booking confirmation provided by the carrier. Even better is to use an 

interface that gives TES employees the ability to automatically import the shipment information. 

The SSM portal contains missing values which causes problems in the development of the application. 

For instance, time zones of statuses are absent. In addition, multiple statuses are used for same 

logistics events depending on the carrier. This inconsistency makes it difficult to develop the tool such 

that all containers can be analyzed simultaneously. All analyses described in this research depend on 

data. When data accuracy and consistency cannot be ensured, the platform is not reliable. Therefore it 

is recommended to improve the SSM portal of Descartes with respect to accuracy and consistent use 

of statuses. 

4. Create ownership of alert system to react on each alert 

The alert system is created in order to provide a notification if a defined alert condition is met. Each 

alert requires another action plan. Therefore, make a team responsible to solve each alert provided by 

the alert system. This makes that real ownership of the alert system is felt. The team is responsible for 

defining actions steps per alert and ensures that they are complied. 

5. Enhance collaboration between parties 

Data analysis on the outbound logistics activities shows that waiting time at port and container yards is 

the main component of lead times. External factors such as congestions at ports, rail yards and 

container yards, and availability of truck drivers affect the waiting time. However, the fragmented 
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landscape increases the complexity of the supply chain and good communication between parties is 

required. Therefore is recommended to enhance collaboration between parties.  

6. Involve Canon Inc. in improving the supply chain visibility application 

Until now the supply chain application can only be used for shipments of Océ. Since the SSM portal 

contains status information of containers that belong to Canon, it would be interesting to make the 

application accessible also for Canon shipments. Consequently it is recommended to involve Canon in 

the process of expanding the supply chain application. With support of Canon, the application can be 

improved in terms of functionalities. 

9.3  Further research 

Further research can contribute by researching how to move towards proactive management of the 

outbound goods flow. Although measuring and monitoring of shipments contributes to better customer 

service and cost savings, it is still rather reactive in the sense that actions are only triggered after 

receiving an alert. More research is needed in order to achieve proactive monitoring of shipment 

delays. 

As the supply chain visibility solution only contains sea shipments, it would be useful to investigate 

possibilities of a solution that covers shipments across different transport modes. An application that 

gives an unified view of Océ shipments is preferred. 

Hermansson (2018) suggests that carriers need to call a wider spread of ports in order to make the 

cargo flow smoother and to avoid congestions. Maybe the same holds for Océ. Until now all sea 

shipments from Venlo to warehouses in Chicago and Columbus are shipped via the port of New York. 

In addition, the vessel only departs on Saturdays. The use of various ports and dates would increase 

flexibility in the outbound logistics process. Hence, further research on these aspect is needed.  

RSHQs should investigate if pre booking of trucks for transportation of containers from the container 

yard to the warehouse is valuable. Currently road transport for the last part of the shipping process is 

arranged once the rail arrives at the container yard. As there is a lack of truck drivers, waiting times at 

the container yard are high. Therefore booking in advance seems to be considerable. Important is to 

determine the costs and consequences of delays versus benefits in terms of shorter and more reliable 

lead times. 
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Appendices 

A Map of Eastern United States and Canada 

 
Figure A.1: Map of Eastern United States and Canada 

1. Warehouse in Chicago 

2. Warehouse in Columbus 

3. Port of New York City 

4. Port of Montreal 

5. Port of Halifax 
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B Site Preparation Pre-Installation Environment Checklist 

The Site Preparation Pre-Installation Environment Checklist contains a list of specifications and 

requirements in order to ensure correct installation of machines. 

 

Figure B.1: Site Preparation Pre-Installation Environment Checklist 
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C Container Ship Growth over 50 years 

 

Figure C.1: Container ship growth over 50 years 
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Figure D.1: Departure delays for sea shipments from 
Venlo to Chicago 
 
 

Figure D.2: Departure delays for sea shipments from 
Venlo to Columbus 
 
 

Figure D.4: Arrival delays for sea shipments from Venlo to 
Columbus 
 
 

Figure D.3: Arrival delays for sea shipments from Venlo to 
Chicago 

D Departure and arrival delays of sea shipments 

The lengths of departure and arrival delays for sea shipments from Venlo to warehouse of CUSA are 

shown in the graphs below. 
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E Rail transport schedules in Eastern United States 

Intermodal schedules of Norfolk Southern for rail transport in Eastern United States: 

 

Figure E.1: Rail transport schedule from Elizabeth to Columbus 

 

Figure E.2: Rail transport schedule from Elizabeth to Chicago 
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F Supply chain visibility applications 

Table F.1: Supply chain visibility applications 
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G Costs of business intelligence tool 

Financial offer of ‘Advanced Reporting’ by ShipItSmarter: 

Costs 
The following fees are charged for the implementation and use of Advanced Reporting. 
 
Implementation: 

Advanced 
Reporting 

Implementation fee 

Basic € 500,- 

Business € 1000,-
1 

Business plus € 1000,- + per hour for customized report
1
 

Advanced € 1000,- + additional hours 

1
 For the mapping of carrier status messages into performance indicators for the carrier performance management additional 

costs will be charged.  

 
Running fee: 

Advanced 
Reporting 

Fee per 
transaction  

Named user per 
month 

Minimum fee 
per month 

Basic € 0,000  € 15,- 

Business € 0,025 € 15,- € 125,- 

Business plus € 0,030 € 20,- € 250,- 

Advanced € 0,030 € 25,- € 250,- 

 

Conditions 

 The rates are in Euro’s and exclusive VAT 

 The monthly fees include maintenance, support, release and upgrade of the system  

 The start date of the agreement is the first day after the formal authorization of this offer. 

Other costs 

The buyer will compensate out of pocket costs for international travel and lodging and car expenses at 

€ 0.25 per kilometre. A charge of € 125,00 per hour will be charged for consultancy, non-standard 

and/or customisation activities based on an 8-hour working day. Time spent on development specific 

requirements and other non-standard activities will only be effectuated after written approval and 

charged.   
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H Process map of complete cases 

 
Figure H.1: Process map of complete cases in the SSM portal 
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I Track & Trace system 

 
Figure I.1. Track & trace system with shipment that is delivered 
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J KPI dashboard 

 
Figure J.1: Prototype of KPI dashboard 
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Figure K.1: Waiting times at port of New York for 
containers from Venlo to Columbus 
 

Figure K.2: Waiting times at container yard of Columbus 
for containers from Venlo to Columbus 
 

K Waiting times 

    

The initial situation is shown in blue, while the ideal situation is presented in green. 
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