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Abstract 

The docks and the staging areas behind the dock doors are essential to send and receive goods in 
warehouses (Figure 0.1) and easily become a bottleneck in a supply chain. Dynamic dock and staging 
lane allocation is an opportunity for a flexible manner of allocating docks and staging lanes. This 
means, allocation specific for each day of the week and depending on the three flows of goods: 
inbound, outbound and cross docking (transito). Such an allocation method is in contrast with the 
present way of dock and stage lane allocation in the warehouses owned by the Dutch retailer Albert 
Heijn. In this current situation the allocation is solely changed based on experience and feedback of 
the people working in warehouses. When changes are made the planning lasts for at least four 
successive months.  

 
Figure 0.1: Warehouse of Albert Heijn 

 
The following challenges make the dynamic allocation of docks and staging lanes of retail 
warehouses complex:  

- High amount of loading and unloading moments 24 hours, 7 days a week; 
- Fixed departure times to the stores; 
- Combination of order picking and cross docking movements in the same building; 
- Many different parties involved;  
- Limitations in location, size and work convenience limit the options of available staging lanes 

to allocate.  
 
This thesis is an academically grounded advice to Albert Heijn to move from static allocation towards 
dynamic allocation in their regional warehouses. These sites combine the break-bulk principle (order-
picking) with cross-docking and within the same warehouse this is rarely seen in the existing 
literature. The current literature describes the cross dock principle extensively, and parameters for 
dock allocation have been defined. Based on the Design cycle methodology of Wieringa (2009) the 
literature study is combined with an extensive empirical research in the four regional warehouses of 
Albert Heijn. 
 
Outcome of this research is an iteratively designed tool to help the user to quickly analyse the 
utilization of the docks and staging lanes in comparison with the current planning. When importing 
data files the user can compare the capacity needed due to this tactical planning with the current 
allocation. This can be done specifically for each flow separately (inbound, outbound and transito) 
and a total overview is also available in the tool.  
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Figure 0.2: The final tool - Third iteration 

 
The tool (Figure 0.2) has raised high awareness within the supply chain of Albert Heijn to the 
challenges with the current way of allocating the docks and staging lanes. Exemplary in this 
awareness is the cross dock planning which is extensively discussed and recommendations for an 
integral approach of planning have been made arsing by the tool.  
 
We give recommendations for an operational implementation of the tool and the dynamic allocation 
regarding several areas: 

- Make use of the current momentum of positive energy towards the project; so do it now 
- Get the three departments within the supply chain involved; Ahold Transport, 

Replenishment and Supply Chain Support.  
- A first step is set towards remodelling of the cross dock (transito) process and the 

corresponding planning but future research is needed. 
- Redesigning the physical surroundings of the docks and staging lanes (lines and sizes) will 

remove limitations inside the warehouses. 
 
With this project the first hurdles towards dynamic allocation of docks and staging lanes has been 
taken but future work needs to be done. When deploying the tool in an operational environment it 
needs to be developed into a secure tool that is maintained by professionals. Also several new 
features, like a management overview, different user roles and graphical layers to support the 
planning of the allocation have been suggested. Besides the tooling, some physical adaptations are 
needed to the sites, like new lines on the floor. These adaptations give the opportunity to 
standardize the sites and uniform their way of working. 
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1 Introduction 

1.1 Motivation 

 

Retailers in the twenty-first century must overcome the challenge of satisfying 
ǘƘŜ ŎǳǎǘƻƳŜǊǎΩ ŘŜƳŀƴŘ ǿƛǘƘ ƘƛƎƘ-quality products for a low price. To this end, 
ǊŜǘŀƛƭŜǊǎ ƴŜŜŘ ǘƻ ōŜ ǊŜǎǇƻƴǎƛǾŜ ǘƻ ŎǳǎǘƻƳŜǊǎΩ ǳƴƛǉǳŜ ŀƴŘ ǊŀǇƛŘƭȅ ŎƘŀƴƎƛƴƎ 
needs. (Gunasekaran et al., 2008) 

Albert Heijn is the market leader of grocery retailing in the Netherlands and part of the international 
retailer AholdΦ ²ƛǘƘ ǘƘŜƛǊ ǎƭƻƎŀƴ άHet alledaagse betaalbaar, het bijzondere bereikbaarέ (The 
everyday products affordable, the extraordinary available) the pressure is high to satisfy each day a 
wide variety of consumers in the Netherlands. This results in a very wide range of almost 30.000 shelf 
keeping units (SKUs) in each store, more than 900 stores across the Netherlands, 30 stores in 
Belgium and a web shop that offers almost the complete assortment including perishables and deep 
frozen food. To fulfil the desires of the demanding customer, a responsive and reliable supply chain is 
required. (Dawson, 2010)  
 

 
Figure 1.1: A general picture of a warehouse 

 
Since twenty years, every store of Albert Heijn gets their goods replenished each opening day in the 
week. For the delivery of perishables and groceries alone, this result in 14.000 unloading moments at 
the stores each week combined in 9200 planned routes1.  With an average of 3 trips per day at least 
450 trucks are required to fulfil this need. From experience, every shop manager wants the 
perishables delivered early in the morning; to offer the best and fresh products possible. The dry 
groceries are ideally delivered at the end of the day: after school hours many young people are 
available to stock the shelves.  

                                                           
1
 Based on the route schema of week 15 - 2015 
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When deliver each store at its desired time window indeed, 
the work load will be very high in the morning for the 
perishables order picking process and in the afternoon for 
the groceries. In between the work load will reduce to a 
minimum. To prevent this from happening, the production 
(order picking) must be spread over the day in order to avoid 
congestion, reduce risks and to be able to schedule an 
average capacity all day long. Albert Heijn tries to deliver as 
many store orders as possible at the previously described 
ideal delivery time window. To achieve this, all outbound 
capacity is used to stage this store orders in front of the 
dock doors: at the so called staging lanes. 
 
In Figure 1.1 the staging lanes are drawn in a schematically 
overview of a warehouse as seen within the supply chain of 
Albert Heijn. To put it simply; the more staging lanes and 
dock doors available results in more stores that gets their 
goods replenished at their desired time slot.  Because this 
process is planned weeks before there are always enough 
trucks available.  
 
Of course, the case is not as easy as to allocate all staging 
lanes to outbound freight. Also inbound freight is needed 
(supplier deliveries) to make the store deliveries possible. 
These trucks unload their freight at inbound docks and those 
docks cannot be allocated to the outbound operation as long 
as they reserved for inbound shipments.  
 
Beside the inbound and outbound flows, a cross docking flow is also part of the supply chain of 
Albert Heijn. This so-called transito flow consists of loading carriers that are picked at store level and 
must be combined with the loading carriers produced in the warehouse itself (see section 2.1). 
This flow needs dedicated docks and staging lanes; after unloading the cargo needs to be sorted at 
store level and move to the outbound staging lanes. Daily operation is in this way planned weeks 
before for either the inbound, outbound and transito flows will arrive. When an incident occurs 
these planned capacity does not suffices anymore. The text box above describes a real life incident 
during this project.  
 
The transito/cross docking flow will increase in the upcoming years. Albert Heijn has started the build 
of a Shared Fresh Centre; a national warehouse by an external logistic service provider that picks a 
part of the store orders and cross dock (combine) these at the regional warehouses. This new Shared 
Fresh Centre will push an even higher pressure on the transito (or cross dock) docks and staging 
lanes. Besides this development the ambition of Albert Heijn is clear: to quickly extend their 
assortment in the next few years. This will have a huge impact on the inbound capacity; the inbound 
docks and lanes are used more than ever before. These developments put enormous pressure on the 
supply chain organisation of Albert Heijn, and especially on the docks and staging lanes of their 
regional warehouses. 

8 November 2014 ς 04:42h ς Zaandam 
 
Saturday 8 November, the warehouse 
management system of the warehouse of 
Albert Heijn in Zaandam froze. No order can 
be approved or loaded so the whole 
operation of receiving goods, picking orders 
and shipment to stores was stuck. Restoring 
the system, recounting the whole 
warehouse and recalculating the new store 
orders took the whole day. At the busiest 
day of the week no shipment was done in 
this area.  
 
The impact for the following days is huge, as 
well in production peaks as in extra 
truckloads to replenish the missed goods of 
Saturday. To enable the site to produce and 
fill as much as truck loads as possible extra 
staging lanes are needed. With some 
handmade calculations and a lot of 
telephone calls; the support department 
Logistic Preparation add five extra staging 
lanes to the outbound docks. This enables 
the site to ship over more than 30 extra 
truckloads each of the following days.  
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1.2 Problem statement 

The main research question and thus problem statement of this research is: 
 
How can the allocation of the dock and staging lanes within the regional warehouses of Albert 
Heijn be improved by making the allocation dynamic?  
 
Dock capacity and the capacity of their corresponding staging lanes are important factors in all of the 
current and future challenges described before. Within in the company there is a high awareness of 
the importance for a suitable distribution and allocation of docks and staging lanes. άSuitableέ is 
defined as an allocation that causes a minimum waiting time for incoming trucks and has the most 
possible outbound lanes.  
 
Despite this need for an appropriate allocation each day, the allocation is done only three times a 
year. For the next seventeen weeks, a dock and staging lane has just a single function. In the desired 
situation, the allocation will be no longer fixed during the day and for 17 weeks; but changes at the 
input of: number of trucks; the amount of produced loading carriers or other up-to-date data. This 
initial observation in the beginning of this project is supported by the academic research of Bodnar 
and Lysgaard (2013) preformed on the regional warehouses of Albert Heijn and discussed later in this 
report. 
 
άDynamicέ is in this case defined as the possibility to change the dock allocation specific for each day 
of the week and make it possible to have an alternating allocating during a day depending on the 
three possible flows of goods: inbound, outbound and transito (cross dock). This dynamic allocation 
will be more configurable and adaptive to the current situation. The most efficient use of the 
resources ς docks and workforce ς will be achieved when an organization adapts to the current 
situation (Bodnar and Lysgaard, 2013; Guignard et al., 2012a). 
 
This research describes the needs for this dynamic allocation of docks and staging lanes; and shows 
that a dynamic allocation is making the use of the staging lanes more efficient indeed. Using the 
prototyping approach we developed the άLogDock-toolέ: a tool that is able to allocate docks and 
staging lanes dynamically by the input of real (historic/planned) data. The parameters that can 
change are identified as well and they are used to manipulate the data to simulate a predefined 
scenario. In comparison with the current situation the improvement is shown.  
 
To answer the main question, five research questions are formulated and listed in Table 1.1. Each 
question is marked with their corresponding research method. These three disciplines are literature, 
empirical and simulation research. The literature research method is extensively discussed in section 
1.3.2. Empirical research focuses on the gathering of knowledge by observation and experience in 
order to describe the relation between attitude and behaviour of a person or group (Ajzen and 
Fishbein, 1977). In this project the discipline of empirical research is mostly conducted by visiting the 
several warehouses and talks with the people on site, and most important the fact that we have 
been part of the team Logistic Preparation for half a year. The simulation discipline is used in chapter 
5. In these chapters the real data is tested and applied at several scenarios.  
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Research questions Subquestions Research method Chapters 

What is the current situation and 
which challenges currently occur 
during planning and execution of the 
dock and staging lane planning 
process? 

What is the current situation 
and are the challenges 
according to the literature? 

Literature review 2 

What is the current situation 
and challenges of Albert Heijn? Empirical 3 

How will the new future supply chain 
affect the dock and staging lane 
capacity? 

 
Empirical & 
Simulation 

4 

Which parameters and data are 
needed in order to make a dynamic 
dock and staging lane allocation? 

What parameters are present in 
the academic literature? 

Literature review 2 

What adjustments must be 
made to use the parameters in 
the AH-case? 

Empirical 5 

What are the requirements for the 
development of the LogDock-tool? 

 
Empirical 5 

What is the expected result of the 
proposed adjustment to the current 
situation? 

 
Simulation 5 

Table 1.1: Subquestions with research methods 
 
 

1.3 Research overview 

The project is done in a systematic manner and  is achieved by the use of the design science research 
method (Wieringa, 2009). This is in keeping with Hevner et al. (2004) who has stated that solving a 
challenge for stakeholders needs a design of an artefact that will meet the goals of the stakeholders. 
The method results in an iterative cycle to solve the design or practical problems that are described 
and elaborated by Wieringa (2009).  
 
The milestones of the project are the several iterations of the tool, and this report. Each deliverable 
builds on the other. In Figure 1.2 the design steps are illustrated, and the deliverables are put in bold. 
All boxes of one stage function as input for the stage-deliverable. 

 
 

 
Figure 1.2: Design steps 
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1.3.1 Project methodology 
The iterative cycle proposed by Wieringa (2009) is known as the Engineering cycle and consists of 
four successive steps (see Figure 1.3):  
 

Problem investigation is the first step in a new engineering project. In this step the 
stakeholders are identified and categorized. The stakeholders have several goals that must 
be reached by the treatment developed in a later stage. Also the effects and the contribution 
of these effects to the goals are examined. Combined with empirical research, this results in 
an overview of the current situation in which the project takes place. 
 
The treatment design is the next step and is the core of the project. ά¢ǊŜŀǘƳŜƴǘέ is defined 
as the attempt to solve a problem, in other words: an attempt to achieve a goal. Before 
designing this solution (or artefact), requirements must be defined to know where you are 
looking for and also to specify the desires of the stakeholders. With this information you can 
compare and select existing treatments, or like we have done in this project: design a new 
one.  
 
Validating the found or new designed treatment is done in the Design validation step. The 
goal of this validation is to predict how the artefact will perform in practice. Because of the 
treatment has not been implemented in the real world situation, the validation is based on 
prediction. This is a drawback according to Wieringa but the only way to test the solution 
before implementing it in real world.   
By asking the effect, trade-off and sensitivity questions in section 1.2 the different 
circumstance of the solution in the real-world will be predicted. Although these questions 
can also be asked about a virtual case; the use of a prototype is in our project inevitable. 
Testing with the prototype helps to simulate the real world as close as possible and results in 
more reliable predictions/validation.  
 
The last step, Design implementation, is added to the cycle to not solely validate before the 
implementation of the treatment but also evaluate it afterwards. Without this last step, the 
implementation and evaluation, the cycle is called a design cycle.  
The design implementation is often not executed in academic research because it is time 
consuming, and the impact of implementing a treatment into an organization is significant. 
Due to the scope of this project, the step of design implementation is not executed in this 
project either.  
 

 
Figure 1.3: Engineering Cycle by Wieringa (2009) 
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1.3.2 Literature methodology    
We adopted the following method for the literature review; a systematic method that helps to find, 
select and present the state of art of the academic literature, concerning the topic. The Five-Stage 
Method by Wolfswinkel et al. (2011) who based their work on the research of Webster and Watson 
(2002). The theory starts with the first of five steps by the definition of the search queries and 
research area. In combination with the sources/ search engines and criteria, the first step is 
experienced as relatively easy to perform. Most of this step is already identified in the previous 
sections, i.e. the motivation and problem statement. The second step is straightforward either: 
perform the search in a prevailing scientific search engine. In this research the Google Scholar and 
the Scopus engine is used. In Figure 1.4 the method is represented in a scheme.  
 

 
Figure 1.4: Five-Stage Method (Adapted, original from Wolfswinkel et al., 2011) 

 
The third step is the most important and extensively described by Wolfswinkel et al (2011). In an 
iterative way, the several elements of this step are the key component of our literature review. In 
Figure 1.5 this crucial step in the process is shown. The forward/backward citations need some 
explanation: forward citations are the found citations that are used by the analysed paper in their 
own research. Backward citations are the papers that are used by the author of the paper to support 
ǘƘŜ ŀǳǘƘƻǊΩǎ own research. The back and forward citations have proven as very relevant in this 
project; many papers are derived in such a way. The selected backward citations are in the next 
cycles also analysed by abstract and full text, due to the iterative way of the step. In a next cycle of 
the same step, the backward citations can also be leading to other backward citations themselves; as 
shown in Figure 1.5. 
 

 
Figure 1.5: Iterative elements of Step 3 of the literature review by Wolfswinkel et al. (2011) 
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The fourth step of the method is not carried out as proposed by the author, but elements are 
present in this research though. The coding of the papers, by highlighting keywords so forth is done 
by annotations and remarks but not documented as Wolfswinkel et al. suggest. This is a very labour 
intensive process, and we expected it would result in pretty much the same results. A concept 
matrix, suggested by Wolfswinkel as well, is shown in Table 1.2, to give a clear overview of the basic 
concepts and their sources in the literature review of chapter 2. The concepts are derived from an 
initial literature search done in the preparation phase of this project and added up with some extra 
concepts found during the literature review. 
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Agustina et al. (2010)   X     

Apte and Viswanathan (2000) X X X     

Bartholdi and Gue (2000) X X X X    

Belle, van et al. (2012) X X X X    

Berghman et al. (2011) X     X  

Bodnar and Lysgaard (2013) X X X X X   

Boysen and Fliedner (2010) X  X   X  

 Boysen et al. (2010) X  X     

Boysen et al. (2013) X  X     

Daft and Lengel (1986)       X 

Dawson (2010)     X   

Fleischmann and Meyr (2003)     X   

Flynn and Flynn (2005)   X  X  X 

Gagliardi et al.(2007) X    X   

Galbraith (1974)       X 

Gopakumar et al. (2008) X    X   

Gue and Kang (2001)  X X     

Guignard et al. (2012a)   X X    

Guignard et al. (2012b)   X X    

Hoogeveen (2005)      X X 

Larbi et al. (2011) X  X     

Liao et al. (2010)   X     

Miao et al. (2009) X  X  X   

Tsui and Chang (1992) X  X     

Whiteoak (2004) X  X  X   

Zhu et al. (2009) X X X X    

Table 1.2: Basic concept matrix for literature reviewing 
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2  Literature Review 

This section provides a thorough overview of several topics that has shown relevance in this project. 
Academic literature generally starts from an ideal point of view, unlike the warehouses of Albert 
Heijn who has its own peculiarities. A comparison of both is therefore inevitable, and is done in 
chapter 3. 
 
Because cross docking is found as the common denominator of academic literature about dynamic 
allocation and the most deviant flow within the warehouses of Albert Heijn; cross docking is studied 
first in this review. From this point on the parameters, definitions and methods of dynamic allocation 
have been studied.  

2.1 Cross docking 

Cross dock terminals are defined by Boysen and Fliedner (2010) as consolidation points in a supply 
chain where several smaller shipments can be merged to a full truck load heading to another 
destination. These combinations are made to realize more efficient transportation and reduce the 
number of vehicle movements from a supplier to the retailer and their shops. (Liao et al., 2010) 
 
In contrast to traditional warehouses, cross dock terminals are meant to create a direct flow from 
the inbound to the outbound dock as fast as possible with a minimum dwell time in between. The 
goods receiving not enter the storage area and not are marked as inventory. (Apte and Viswanathan, 
2000). Traditional retail warehouses are mainly based on the break-bulk warehouse principle, where, 
in ideal situations, full truck loads (FTL) arrive from a supplier and broken up into smaller quantities. 
These break-bulk warehouses feature the traditional order-picking process; in contrast to a cross-
docking centre. Consolidated with other products this resulted in multi-product loads that combined 
resulted in near as possible FTL to the retailer shops. (Apte and Viswanathan, 2000). 
 
Not all product categories will fit the cross docking or break-bulk principle. Items with an unstable or 
fluctuating product demand rate are not suitable for cross docking. The absence of an inventory 
makes the risk of out-of-stock too high. The retailer usually wants a safety-stock of at least a day and 
warehouses close to the stores. (Apte and Viswanathan, 2000) Products with a low and predictable 
turn-overrate are slow movers. These slow movers often stored in a central warehouse. Next, these 
slow movers are cross-docked to the break-bulk warehouse and combined to a single shipment 
towards a retail store. The biggest traditional retailer in the world, Wal-Mart, is using this 
combination or hybrid warehouse solution for over twenty years and also Albert Heijn has adopted 
this strategy as shown in chapter 3. The terms of a cross-docking terminal and a cross-dock are used 
interchangeable in the rest of this report, and so do the terms dock, dock door and doors.  
 

 
Figure 2.1: Cross Docking  
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2.2 Cross dock characteristics 

Several characteristics are identified and must be considered to get an overview of the different 
ǘȅǇŜǎ ƻŦ ŎǊƻǎǎ ŘƻŎƪǎ ŀƴŘ ƳŜǘƘƻŘǎ ǘƻ άŎǊƻǎǎ-ŘƻŎƪέΦ 

2.2.1  Staging lanes 
 An important characteristic that also influence the performance of a cross dock is the staging 
method. In the pure form of cross docking the staging area is absent; the goods are received and 
loaded directly into the outbound truck. (Apte and Viswanathan, 2000). In practice this purest form is 
rarely seen, and freight always need some processing or waiting-time to consolidate with other 
inbound freight to reach a higher utilization of trucks.  
 
The almost inevitable staging can be done in one or more steps. The paper of Gue and Kang (2001) is 
most cited in this topic and they described the several options in staged cross docking. In a single-
stage cross dock, workers unload the load carriers and place them on the staging lane that is linked 
to the inbound dock. Other workers deliver the goods from these inbound staging lanes directly to 
the outbound truck. They combine thus the load carriers of several inbound staging lanes to one 
outbound truck. (See Figure 2.2) 

 
Figure 2.2: Single-stage cross dock, sorted on inbound docks  (Gue and Kang, 2001) 

The system of Figure 2.2 can also be used to stage in front of the shipping dock rather than in front of 
the receiving dock. The advantage of staging on inbound is however that the workers that unloads 
ǘƘŜ ǘǊǳŎƪ ŘƻƴΩǘ ƘŀǾŜ ǘƻ ǿƻǊǊȅ ŀōƻǳǘ ǘƘŜ ŘŜǎǘƛƴŀǘƛƻƴ ƻŦ ǘƘŜ ƭƻŀŘ ŎŀǊǊƛŜǊΦ ¢Ƙƛǎ ƳŀƪŜǎ ǘƘŜ ǳƴƭƻŀŘƛƴƎ 
faster and lowers the need for information about the shipping location. On the other hand Gue and 
Kang (2001) also explains the advantages of sorting by shipping: the better view of what freight 
needs to be shipped and the possible combinations of rides are clear benefits.   
 
Because of the aforementioned benefits a combination of this two staging systems is proposed and 
also used in practice. This two-stage system is seen quite often in the retailing industry. The system is 
based on two staging areas: a receiving staging area and a shipping staging area. In between these 
staging area or lanes the load carriers are sorted. This is illustrated in Figure 2.3. 
The two-stage cross dock clearly combines both benefits of inbound and outbound staging areas. 
However, Gue and Kang (2001) prove that these benefits comes with a significant lower throughput 
in comparison with a single-stage system.  
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Figure 2.3: Two-stage cross dock; with sorting in between the two staging areas. (Gue and Kang, 2001) 

 

2.2.2 Service mode 
The service mode of a cross dock influences the flexibility in the assignment of staging lanes and dock 
doors, according to Boysen and Fliedner (2010). They recognise the following service modes:  
  

¶ Exclusive mode: Each dock exclusively serving either an inbound or outbound destination for 
a longer period, for example a month. This will be efficient for the workers because they 
know and learn each destination by heart. However, when fluctuations occur this solution is 
less flexible or in the terminology of the authorsΥ άǊŜǎǘǊƛŎǘǎ ǘƘŜ ŘŜƎǊŜŜǎ ƻŦ ŦǊŜŜŘƻƳ for short-
term truck-sŎƘŜŘǳƭƛƴƎέΦ 
 

¶ Mixed mode: No physical differences/restrictions exist that limit a dock only as inbound or 
outbound. Therefore some cross docks allowing an intermixed allocation of in- and outbound 
docks over time. 
 

¶ Parallel exclusive/mixed mode: A subset of docks is allocated in exclusive mode and the 
remaining docks are in mixed mode.  
 

¶ Mid-term horizon: Assignment is done by coupling docks and destinations. An assignment of 
ŀ ǘǊǳŎƪ ƛǎ ǘƘǳǎ ŘŜǘŜǊƳƛƴŜŘ ōȅ ǘƘŜ ǘǊǳŎƪǎΩ ŘŜǎǘƛƴŀǘƛƻƴΦ   

 
The mid-term mode reduces the complexity of the truck scheduling; but reduces also the possibility 
to adapt to unforeseen circumstances. In each specific case the choice must be made what is the 
best solution; based on the available information and types of flows in the cross dock.  

2.2.3 Arrival & departure  
According to Van Belle et al. (2012), arrival patterns have their influence on congestion and capacity 
inside a cross dock. The arrival times can be concentrated on several moments a day, for example in 
the evening and then all arrivals sorted in the night. The other option is that the arrival scheme is 
scattered throughout the day; and the inbound trucks arrive at different times each day. This makes 
the planning more complex, but is often a more realistic approach.  



 
  21 

 
In many cases (real world as well as academic experiments) the departure times are not restricted 
and the trucks depart when all the freight is loaded or unloaded. (Van Belle et al., 2012) Inbound 
trucks that has restricted departure times must unloaded on time i.e. to prevent getting penalties by 
the inbound transport company. But in practice the trucks never leave before all freight is unloaded. 
Outbound trucks in for example the parcel industry must leave exactly on time to meet the delivery 
appointments with customers. When some freight is delayed the truck will leave the cross dock 
without the complete freight in order to not delay all other parcel deliveries. (Van Belle et al., 2012) 
This restricted times has impact on the choice of service modes as described in §2.2.2; mixed modes 
are more complex when dealing with fixed departure times. The outbound docks must be reserved in 
advance to guarantee the availability at the specific departure time.  

2.3 Cross dock optimization 

The main objective in a cross dock terminal is to minimize the handling time between the inbound 
and outbound destination within the terminal. To fulfil this objective a lot of academic (case) studies 
are done in order to calculate the optimal planning of in- and outbound dock allocation. The state of 
art in cross dock optimization is researched by Van Belle et al. (2012). The authors divide the dock 
allocation problem in two groups. The first group of academic research papers try to answer the 
question where a trailer must be allocated, at which dock. The other group tried to answer the 
question when a truck must be (un)loaded.    

2.3.1 Tactical optimization  
The where-question is classified to determine which dock must be allocated to a truck. The ultimate 
goal of this optimization is to reduce the traffic and material handling inside a cross dock terminal.  A 
classic study and used in almost all recent papers is the work of Tsui and Chang (1992).  
 
They identify the following basic parameters: 

- Number of shipping docks (outbound) 
- Number of receiving docks (inbound) 
- Number of origins of items 
- Number of destinations of items 
- Distance between shipping and receiving dock 
- Amount of movements needed to move all items from shipping to receiving dock. 

 
Additional parameters by Zhu et al. (2009) 

- Volume of goods from origin 
- Volume of goods from demand of destinations 
- Capacity of receiving dock 
- Capacity of shipping dock 
 

Goal: minimize travel distance between docks 
 
The additional parameters of volumes and capacity, makes it possible to assign multiple destinations 
or origins to a door. The capacity of each door is therefore determined by the available capacity on 
the corresponding staging area behind the door. (Zhu et al., 2009)  
 
Bartholdi and Gue (2000) investigated the άǿƘŜǊŜ-ǉǳŜǎǘƛƻƴέ ƛƴ ŎƻƳǇŀǊƛǎƻƴ ǿƛǘƘ ŀ CƛǊǎǘ-Come-First-
Serve (FCFS) policy. With a FCFS policy each truck is randomly assigned at the dock that is available in 
order of arrival. To simulate this policy more easily, the authors used the concept of an average 
trailer. When for example 12% of the total incoming freight is always from supplier X, the average 
trailer has 12% of its load of supplier X. 
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Figure 2.4: A warehouse layout without optimization (Lines 
are relative use of outbound docks, the filed squares 
represent the inbound docks) (Bartholdi and Gue, 2000) 

 

 
 
Figure 2.5: A warehouse layout with optimization 
(Bartholdi and Gue, 2000) 

The cross dock layout in   
Figure 2.5 is the result of  the (optimized) calculation as described by Tsui and Chang (1992) with the 
input layout of Figure 2.4. Bartholdi and Gue (2000) preformed these simulations to conclude the 
following guidelines for efficient layouts: 
 

- Alternate between high-flow outbound doors with inbound doors in the centre of a cross 
dock 

- Put busy outbound doors slight off-centred to reduce travel time and congestion 
- Put inbound doors opposite busy outbound doors 
- Put least busy doors in the corners to avoid congestion 
- Separate different regions when trailers have different types of freight (e.g. cross dock and 

break-bulk) 

2.3.2 Operational optimization 
The when-question is, among others, addressed by Boysen et al. (2013), Larbi et al. (2011) and Miao 
et al. (2009) and focuses on an optimal assignment of truck at a specific time that minimizes the 
operation cost of the total shipment. Boysen and Miao both combine this with the reduction of 
unfulfilled shipments when assuming that the outbound trucks leave at a fixed time schedule. They 
all use the same parameters: 
 

- Number of inbound trucks 
- Number of outbound trucks 
- Number of docks (depends on service mode that is chosen, see §2.2.2) 
- Operational time per unit 
- Operational unit cost 
- Number of units 
- Unload time per inbound truck (when truck is first unloaded and later processed)  
- Movement costs (number of fork truck movements or actual costs) 
- Capacity of cross dock / staging area  

 
Goal: Sum of total dock operational costs and the penalty cost for all the unfulfilled shipments 

 
Boysen and Fliedner (2010) introduce a classification of truck scheduling problems and all relevant 
parameters and variables are discussed in the sections before. (2.1 - 2.3). They conclude their 
overview with the claim that the truck scheduling problem for fixed outbound schedules is yet 
unexplored. They came up with a proposed solution, which seeks to minimize the weighted number 
of delayed shipments. These shipments are those who are missed in the shipment and remains in the 
terminal when a truck departs at a fixed time. They use the same variables as noted above.  
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In Boysen et al. (2013),the authors not only extend the findings described above, but also applied the 
method on a case by DHL Airport Hub in Leipzig. They identify the following three extra requirements 
due to the real world case: 

¶ A terminal can be extended by additional dock doors 

¶ Departure times of the outbound trucks can be postponed in order to meet the deadlines 

¶ Transhipment times can be reduced: the time needed to process from inbound to outbound. 
This can be done by additional workforce or automation.  

 
These three requirements lead to the conclusion that adding more doors to the simulation results in 
the most effective solution. The other parameters will help to a certain extend but leads to more 
congestion when applied too much. This case is one of the few real world examples in this research 
field. Van Belle et al. (2012) also noted the lack of real world simulations after the extensive 
literature review they preformed, especially when considering cross docking with fixed outbound 
departure times. 

2.3.3 Dynamic use of allocation 
The described services modes in section 2.2.2 enable planners to make the dock allocation dynamic. 
But almost all researched papers in this project and also by the extensive review of Van Belle et al. 
(2012) ŘƻƴΩǘ take benefits of these different service modes into account. The only distinction they 
made is the mid-term and short-term allocation of docks, but not in a dynamic way. Until now, only 
Guignard et al. (2012a)researched this gap in a general way, and Bodnar and Lysgaard (2013) in a 
case applied to the Albert Heijn warehouses.  
 
Guignard et al. (2012a) proposed two situations; the dynamic allocation of inbound trucks and 
outbound. If there is a need for an inbound assignment (an inbound truck show up), the dock 
assignment calculation (for example by Zhu et al. (2009)) is reformulated. All already assigned 
inbound trailers are removed. All docks that are occupied cannot be used so they are also neglected. 
For the available inbound dock doors the capacity is calculated; and the assignment calculation is run 
again and the most ideal inbound door is assigned.  
 
An outbound dock can however be occupied when considering a new outbound flow to a dock. It is 
important to consider the time needed to finish the job that occupies the dock. All the inbound doors 
of the flows that need to go across the cross-cock are already assigned to an outbound dock. 
Therefore only a search to the best dock in terms of distances is needed to complete the assignment. 
 
Bodnar and Lysgaard (2013) consider the problem of scheduling trucks in a cross-dock terminal with 
a mixed service mode dock door operation. They prove that with proper use of dock doors and 
scheduling the trucks substantially smaller amount of docks can be allocated. The solution of the 
authors combines a flexible allocation of docks with a certain amount of doors operating in an 
exclusive service mode. They stated that flexibility may impose complexity to the organisation in a 
managerial point of view. This is also described by Bartholdi and Gue (2000) who describe the use of 
the exclusive service mode due to practical reasons: the type of freight loaded and unloaded differs 
as do the procedures and equipment.  
 
The authors test their hypothesis that an increase of mixed service mode dock doors will reduce the 
total cost level on the data of the four regional warehouses of Albert Heijn. The results show that 
reducing the total number of docks increases the total costs, and as the ratio of flexible door 
increases the total costs decreases. Bodnar and Lysgaard (2013) concluded that the trucks can be 
scheduled at the current cost level of AH, but with fewer dock doors, of which 60% is flexible. So the 
performance of the warehouses increases when a mixed service mode is adapted, but the 
improvement levelling off as the number of mixed doors increases over 60%.  
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2.3.4 Slack capacity 
The concept of slack capacity is used only by Guignard et al. (2012b) in a study to dock allocations for 
cross docks.  Slack is capacity reserved for deviations in forecasts; in order to have the ability to scale 
up when needed. In real world cases this slack capacity is often used (and needed!) but in academic 
project it is a seldom. 
  
The reasoning behind adding slack capacity to the calculation is that forecasts are not 100% reliable 
and therefore the allocated docks and capacity are possible not sufficient. Guignard et al. (2012b) did 
their calculations within a range of 10%-ол҈ ƻŦ ǘƘŜ ǘƻǘŀƭ ŎŀǇŀŎƛǘȅ ǊŜǎŜǊǾŜŘ ŀǎ ǎƭŀŎƪΦ ¢ƘŜȅ ŘƻƴΩǘ 
conclude in their research what percentage is the most efficient and depends on the reliability of the 
forecast. The authors simulate therefore with a range of different amounts of slack, and advise to do 
this in every specific project.  

2.4 Multi -criteria scheduling 

Berghman et al. (2011) have researched the situation in which the incoming and outgoing shipments 
of large quantities of directly picked goods are unrelated. This is an unexplored exception in the field 
and this resulted in several solutions.  
 
Often the challenge in creating a schedule is to achieve the optimal value for multiple criteria at the 
same time. One criteria is  in general more dominant than others and conflicting criteria are 
sometimes repealed from the original list with requirements. According to Berghman et al. (2011) a 
common approach to dealing with all criteria simultaneously is to aggregate the different criteria into 
one function; a process that is called simultaneous optimization. (Hoogeveen, 2005) In this way the 
dominant criteria can be weighted in the function as the most powerful and devaluate the other. 
Pinedo (2012) suggests to first analyse the set of all schedules with optimal results calculated with 
only the dominant criterion and after that perform a search within this set for the best in respect to 
the other criterion/criteria.  

2.5 Information processing 

To calculate optimization functions as described in the previous section we need insight in the 
available information associate with dock allocation. Which information is available and in what 
frequency, affects to a great extend the ability to make the allocation more dynamic.  

2.5.1 Organizational designs 
The greater the amount of information that needs to be processed, the greater the uncertainty of 
the task will be. Galbraith (1974) explains that if the task, that is related with the information 
processing, is well understood much of the activity can planned in advance. If the task is not well 
understood, last minute changes must be made during the execution of the tasks. These last minute 
changes require a lot of information.  

ά¢ƘŜ ƎǊŜŀter the task uncertainty, the greater the amount of information that 
must be processed among decision makers during task execution in order to 
ŀŎƘƛŜǾŜ ŀ ƎƛǾŜƴ ƭŜǾŜƭ ƻŦ ǇŜǊŦƻǊƳŀƴŎŜέ (Galbraith, 1974) 

2.5.2 Design strategies 
To identify the amount of information that needs to be processed in for example the dock and 
staging lanes capacity three organization design strategies are identified by Galbraith: 

1. Coordination rules and programs 
2. Hierarchical Referral 
3. Goal Setting 
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Coordination by rules and programs is meant to coordinate behaviour in routine predictable tasks. 
These tasks can be pre-planned to a great extend and do not require a lot of interaction with the 
environment. Each actor in the task simply executes his/her role without much information 
processing. 
 
Hierarchy is employed when uncertainty within a task becomes greater. When actors face a situation 
in which there are no rules/programs conducted, they must rely on someone or something that has 
the higher perspective. Of course there is also a limit to this overview and then the uncertainty will 
increase again.  
 
If uncertainty is increasing and the strategies of ǊǳƭŜǎ ŀƴŘ ƘƛŜǊŀǊŎƘȅ ŀǊŜƴΩǘ ǎǳŦŦƛŎƛŜƴǘ ŀƴȅƳƻǊŜ the 
next strategy comes along. Coordination by targets or goals takes place by setting output targets or 
goals instead of specifying the complete task. This creates a higher need of information to reach the 
ultimate target/goal.  

2.5.3 Need of information 
Following the example of Galbraith the question asked by Daft and Lengel (1986) ƛǎΥ ά²Ƙȅ Řƻ 
ƻǊƎŀƴƛȊŀǘƛƻƴǎ ǇǊƻŎŜǎǎ ƛƴŦƻǊƳŀǘƛƻƴΚέ  ¢ƘŜ ǇǊƻǇƻǎŜŘ ŀƴǎǿŜǊ ōȅ 5ŀŦǘ and Lengel is twofold: to manage 
uncertainty and also manage equivocality (ambiguousness). Ambiguity is a typical human aspect of 
information processing; most humans have the capacity to interpret and respond to messages more 
subtle than a binary good or false.  
 
When taking this answer into account; there is not only a need of information but also a need of 
correct information. When the information, proposed to reduce uncertainty, in for example 
allocating docks is meant to interpret by information technology; the level of ambiguity needs be a 
lot less then when used by a human.  
 
To determine which information is needed in order to make the dock and staging lane capacity more 
dynamic is therefore depending on the tasks to be preformed but more important of the actors that 
are involved.   

2.6 Summary - Functional requirements 

The functional requirements are all the important elements of the allocation method, summarised in 
one table, based on the relevant literature in this chapter. These requirements are the basis for the 
project and compared later in with the Albert Heijn-case. The different service modes; whether a 
dock and staging lane is dedicated to one function or a combination of functions is an important 
parameter in the decision-making process later on this project. See for the complete overview Table 
2.1. 
 
In this literature review is strongly focussed on the cross dock principles. Whether the warehouses of 
Albert Heijn are hybrid solutions between the break-bulk and cross-dock method (see chapter 2.1); 
within Albert Heijn also the focus was during this process on the cross-dock optimization. Due to the 
large extend of information exchange this process relies heavily on correct data and communication 
between stakeholders. Decisions must be made on tactical level about where and how much the 
cross docking staging lanes must be situated.  
 
Slack capacity is an undervalued topic in the academic literature reviewed in this project. Only 
Guignard et al. (2012b) briefly discuss this topic and take this parameter into account. This low 
awareness is recognized in practice and also within the organization of Albert Heijn. To determine 
what percentage of slack must be chosen is a frequently topic of discussion among the different 
departments. 
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 # Functional requirements Urgency  

 Overview   

RQ1 The system delivers an optimal dock and staging lanes allocation 
based on available data.  

  

 Input Values   

RQ2 The data needed for the allocation is available and up to date Mandatory  

RQ3 The data needed to allocate at place shall contain at least the 
following parameters: 

- Number of shipping docks (outbound) 
- Number of receiving docks (inbound) 
- Number of origins of items 
- Number of destinations of items 
- Distance between shipping and receiving dock 
- Amount of movements needed to move all items from 

shipping to receiving dock. 

Mandatory  

RQ4 The additional data when a multiple function allocation is desired: 
- Volume of goods from origin 
- Volume of goods from demand of destinations 
- Capacity of receiving dock 
- Capacity of shipping dock 

Mandatory 
when 
multiple 
function 
allocation 

 

RQ5 The data needed to allocate at time shall contain: 
- Number of inbound trucks 
- Number of outbound trucks 
- Number of docks  
- Operational time per unit 
- Operational unit cost 
- Number of units 
- Unload time per inbound truck Movement costs  
- Capacity of cross dock/staging area 

Mandatory  

RQ6 The data can be adapted by certain variables to simulate several 
scenarios.  

Desirable  

RQ7 The user can add different percentages of slack capacity to the model Desirable  

 Output Values   

RQ7 The locations of the allocated docks must be distributed according to 
the following rules: 

- Alternate between high-flow outbound doors with inbound 
doors in the centre of a cross dock 

- Put this busy outbound doors slight off-centred to reduce 
travel time and congestion 

- Put inbound doors opposite busy outbound doors 
- Put least busy doors in the corners to avoid congestion 
- Separate different regions when trailers have different types 

of freight (e.g. cross dock and break-bulk) 

Desirable  

RQ8 
 
 
 

The program shall allocate only the dock and staging lanes that are 
available according to the following classifications: 

- Exclusive mode 
- Mixed mode 
- Parallel mode 
- Mid-term mode 

Mandatory  

Table 2.1: Functional requirements (Summary of literature review)
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Figure 3.1: Locations of the DCs 

 

3 Current situation 

3.1 Supply chain Albert Heijn 

  
The national supply chain of Albert Heijn consists of six distribution centres (DCs) owned and 
managed by AH. Two national DCs and four DCs dedicated for returns are outsourced to logistic 
service providers (LSP). In the second half of 2015 a third national DC is operational and run by a LSP. 
This DC, called Shared Fresh Centre (SFC), will replace the National Fresh DC (LVC) in Nieuwegein. The 
ƴǳƳōŜǊ ƻŦ {Y¦Ωǎ ƘŜƭŘ ōȅ ǘƘƛǎ new national centre will be extended in the future by moving some 
products from the regional centres to the SFC. In 2016 the SFC is fully operational and will replace 
the current national fresh centre.  
 
With the terms warehouse, distribution centre or site we all mean the same thing; therefore the 
term are used interchangeable within this report. 

3.1.1 Return flow 
The return flow consists of return goods, like load carriers, empty crates, deposit goods returned by 
consumers and garbage returned by the stores. The policy of Albert Heijn prescribes that almost 
every truck that delivers goods to the stores take returns back to the DC, exclusions are extra 
planned routes. The returns are since 2009 no longer directly transported from the store to the 
regional DCs but to an external warehouse, managed by Kuehne + Nagel. With so-called shuttle 
drives the load carriers and empty crates are shipped from the return sites to the RDCs and the 
national DCs. Of course also the external DCs receive these goods in order to supply at uniform load 
carriers throughout the chain. Regional centres return empty pallets and garbage like plastics 
packaging back to the return sites. The pallets and empty crates (for perishables) must also be 
shipped back to the supplier. This is normally done by the shipper themselves after delivering new 
stock to the sites. They take the pallets and crates from the return site to their own plant. 

Type # Operator Locations 
 

National DC (LDC) 1 AH Geldermalsen (1) 

National Fresh DC 
(LVC) 

1 AH Nieuwegein (2) 
 

Shared Fresh 
Centre (SFC) 
(2016) 

1 Norbert 
Dentres-
sangle (LSP) 

Nieuwegein (2) 

Regional DC (RDC) 4 AH Zwolle (3) 
Tilburg (4) 
Pijnacker (5) 
Zaandam (6) 

National non-food 
DC (ND OSS) 

1 Norbert 
Dentres-
sangle (LSP) 

Oss (7) 

Shared warehouse 
Cheese DC (SWK) 

1 Bakker 
logistics 
(LSP) 

Zeewolde (8) 

Returns  4 Kuehne + 
Nagel (LSP) 

Zwolle (3) 
Tilburg (4) 
Pijnacker(5) 
Zaandam(6) 

Table 3.1: Overview distribution centres (DCs) Albert Heijn 
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3.1.2 Cross docking 
As explained in section 2.1, Apte and Viswanathan (2000) identified two different types of 
warehouses; cross docks and break-bulk warehouses. Where cross docks focus only on the handling 
of ready to ship load carriers is the break-bulk warehouse meant to receive Full Truck loads of a 
single item from a supplier and combines only single packages on load carriers to the specific store.  
 
In the supply chain of Albert Heijn a combination of both is adopted in a hybrid solution. The national 
centres act like a pure break-bulk warehouse: on store level the slow movers are picked from pallets 
to the load carriers. In a FTL these load carriers are shipped to the regional warehouses. There the 
carriers are sorted and cross docked to the trucks heading to the stores. This flow is within Albert 
Heijn known as transtio and used interchangeable with cross docking in this research.  Besides this 
cross docking, the regional DCs acts as a break bulk warehouse where items are order picked. 
Because this is done for the same products in all four regional DCs only the fast movers are slotted in 
there.  
 

 
Figure 3.2: Schematic view of supply chain AH 

 
As displayed in Figure 3.2 the supplier delivers thus either to the national DC or the four Regional 
DCs; depending whether the goods are slow or fast movers. Never a truck leaves a national DC 
heading to a store; these flows are always cross docked in the regional centres.  

3.1.3 Transport 
The cross dock movements between the DCs and the shipping to the stores are planned by Ahold 
TrŀƴǎǇƻǊǘΦ ¢ƘŜȅ ƘƛǊŜ ǘƘŜ ǘǊǳŎƪǎ ŀƴŘ ǘǊǳŎƪ ŘǊƛǾŜǊǎ ŦǊƻƳ ŜȄǘŜǊƴŀƭ ŎƻƳǇŀƴƛŜǎΤ !ƭōŜǊǘ IŜƛƧƴ ŘƻŜǎƴΩǘ ƻǿƴ 
any truck or trailer. Ahold Transport coordinates all these trucks because there are a lot of 
possibilities to combine truckloads and jobs. The Central Transport Network (CTN) is part of Ahold 
Transport and tries to make the utilization of hired trucks as efficient as possible. They not only 
schedule the routes to the stores, but also plan the transportation of goods from the shipper to the 
DCs and act as a transport company itself. In their vision there is always a truck, part of the CTN,  
nearby a job,  since the stores of AH are spread all over the Netherlands and Flanders. 
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3.2 Docks & Staging lanes 

The staging lanes behind the dock doors are the parking lot for load carriers that are packed with 
produced colli (packages) and the unloaded pallets from suppliers. Also the transito-flow is, after 
unloading from the truck, sorted and parked at the staging lanes.  
 
The challenge of dock allocation at Albert Heijn is quite similar to the truck dock assignment 
problems in cross docking literature described in chapter 2. Due to the hybrid nature of the 
warehouses of Albert Heijn part of the goods flows are actually cross docking based activities. 
However, more than 65% of the flow of goods is picked directly in the regional warehouses instead 
of cross docked from nation-wide warehouses. The incoming and outgoing shipments of large 
quantities of directly picked goods are unrelated. This is in clear contrast to the numerous examples 
of cross docking optimization literature. (Berghman et al., 2011).  

3.2.1 Function 
Due to the different kind of flows that are staged at the staging lanes, each lane has its own function 
allocation. They are separated into two categories: inbound and outbound traffic. The inbound 
capacity is incoming traffic from suppliers, supplies from the return sites and the cross dock 
flows/transito. The outbound capacity consists mainly of goods that are about to ship to the stores. 
Also the slack capacity is reserved separately: the extra trips to stores when the planned capacity is 
not sufficient.  
Because there are no outbound deliveries from the national (internal as well as external managed) 
sites towards the stores, the outbound flow in the national sites is purely transito. In Figure 3.3: 
Overview of dock and staging lane functions all different flows are schematically represented and per 
flow the corresponding section is noted. These sections describe the current way of allocating docks.  
 

 
Figure 3.3: Overview of dock and staging lane functions 

3.2.2 Service mode 
Each dock and the corresponding staging lanes are allocated every 15 weeks. With the use of the 
route scheduling from DC to stores όǘƘŜ άǘƛƳŜǘŀōƭŜέύ, the department Retail Operations Support 
Supply Chain (ROS-SC) makes a function allocation. Their target is to come up with an efficient and 
well-balanced distribution of docks and staging lanes. A clear target, but with the limitations of 
section 3.2.3 in mind the planning results in only minor adjustments to the previous planning. 
The classification of service modes by Boysen and Fliedner (2010) as discussed in section 2.2.2 can be 
also applied to the current allocation.  
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The process of Albert Heijn is clearly an exclusive service mode; where the allocation is fixed for 
ǎŜǾŜǊŀƭ ƳƻƴǘƘǎΦ Lƴ ǎƻƳŜ w5/Ωǎ ǘƘŜǊŜ ŀǊŜ ŀ ŦŜǿ ŘƻŎƪǎ ŀƴŘ ǎǘŀƎƛƴƎ ƭŀƴŜǎ ǘƘŀǘ ŀǊŜ ŀƭƭƻŎŀǘŜŘ ŀǎ mixed 
service mode: some days of the week they are allocated as inbound and the remaining days as 
outbound function. The DC is in that case defined as parallel exclusive/mixed service mode, but the 
ƴǳƳōŜǊ ƻŦ ƳƛȄŜŘ ŀƭƭƻŎŀǘƛƻƴ ƛǎ ǾŜǊȅ ƭƛƳƛǘŜŘ ŀƴŘ Ŏŀƴ ōŜ ŎƭŀǎǎƛŦƛŜŘ ŀǎ άŜȄǇŜǊƛƳŜƴǘŀƭέ ŀŎŎƻǊŘƛƴƎ ǘƻ ǘƘŜ 
responsible manager. 

3.2.3 Limitations 
Allocation by ROS-SC is done by estimation instead of actual measures. This underlines the need for a 
tool that supports their allocation by objective numbers. Beside the calculation there are also 
limitations for each site specific: 
 

- Location: Some staging lanes cannot be changed because their location is inherent with the 
ŦǳƴŎǘƛƻƴΦ CƻǊ ŜȄŀƳǇƭŜ ǎƻƳŜ ƛƴōƻǳƴŘ ǎǘŀƎƛƴƎ ƭŀƴŜǎ ŀǊŜ ŀƭƭƻŎŀǘŜŘ ŀǎ άƳƛƭƪ ǎǘŀƎƛƴƎ ƭŀƴŜέ 
because they are located directly in front of the area where the milk is staged. These load 
carriers cannot be lifted because of their size. Other staging lanes are located directly on a 
corner and have only outbound functions because of safety reasons. 

- Size: Each staging lane has its own size; in meters of length and width. This determines their 
capacity; not all staging lanes can stage a FTL.  

- Physical: The most staging lanes have only appropriate line markings for inbound either 
outbound staging lanes. The difference lies in the size of the load carriers; an inbound freight 
has always pallet sizes, outbound always roll containers.    

- Convenience:  Sometimes staging lanes are allocated with convenience for the workers in the 
DC in mind. An example is the position of the transito lanes; they are located around the 
central office to keep a good overview of the transito load carriers that need to be 
processed.  

3.2.4 Outbound allocation 
Each DC has more staging lanes than dock doors and this result in lanes that are not positioned 
directly in front of a door. It is not a problem; the outbound lanes are filled in cycles. In the first cycle 
the odd numbered lanes are filled and in the next cycle the even numbered. Also the loading process 
to the truck is done in this sequence and so the dock door is used more efficiently (Figure 3.4). 

 

 
Figure 3.4: Staging lane position and cycles 
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3.2.4.1  Dynamic scheduling 
Lƴ ǘƘŜ w5/Ωǎ ƻŦ ¢ƛƭōǳǊƎ ŀƴŘ ½ǿƻƭƭŜ ǘƘŜ scheduling of outbound routes is done every three weeks 
instead of the usual three times a year. The stores receive a timetable with time windows of an hour 
still three times a year; and every three weeks this window is narrowed down to the specific delivery 
time. This gives Ahold Transport the possibility to adapt the schedule to the current situation. 
However, the amount of staging lanes allocated to outbound flows iǎƴΩǘ ŎƘŀƴƎŜŘ ŀƴŘ ǘƘŜ ǎŎƘŜŘǳƭƛƴƎ 
ǿƻƴΩǘ ōŜƴŜŦƛǘ ŦǊƻƳ ŀƴ ŀƭƭƻŎŀǘƛƻƴ ǘƘŀǘ Ŧƛǘǎ ǘƘŜ ǎŎƘŜŘǳƭŜΦ The actual allocation of a specific staging lane 
number to a route number is done by an Excel macro that respects the cycles and amount of staging 
lanes available.  

3.2.5 Transito allocation 
The number of staging lanes meant for transito movements is fixed for the whole period of 15 weeks. 
In each site the amount differs and is for example in DC Zaandam 5 lanes for dry groceries and 3 
lanes for perishables. The staging lanes are allocated around the central office in the middle of each 
ǎƛǘŜΣ ŎŀƭƭŜŘ ǘƘŜ άŎƻŎƪǇƛǘέΦ Lƴ ǘƘƛǎ ǿŀȅ ǘƘŜ ŎƻƴǘǊƻƭƭŜǊǎ Ŏŀƴ ƳƻƴƛǘƻǊ ǘƘŜ amount of transito load carriers 
directly and at first hand.  
 
The actual allocation of an incoming transito ride to a specific staging lane is done by the traffic 
manager; the external employee that functions as gatekeeper. He knows which lanes are allocated as 
ǘǊŀƴǎƛǘƻ ƭŀƴŜǎ ŀƴŘ ƘŜ ǾŜǊƛŦƛŜǎ ōȅ ǘƘŜ ǳǎŜ ƻŦ ŎŀƳŜǊŀΩǎ ǿƘƛŎƘ ƻŦ ǘƘŜƳ ƛǎ ŜƳǇǘȅΦ  
When all staging lanes are full he will let the truck wait until a dock will be available. However, he 
must monitor when the transito load must be shipped to the stores. Otherwise the load cannot be 
cross docked to the outbound truck because that truck has already left to meet the arrival time at 
the store.     

3.2.6 Inbound allocation 
Like the other allocations the inbound allocation is also planned according to an exclusive service 
mode principle. However, in some sites the experiments with a mixed service mode make the 
unloading of incoming trucks on other staging lanes than the designated inbound lanes more flexible 
than the other flows.  

 

 
Figure 3.5: Dock allocation inbound (system) 
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The system flow of inbound dock allocation is elaborated in Figure 3.5 and is the formal way of 
working. Based on vendor agreements, made by the department Replenishment (RE) a preset dock is 
defined to advise the traffic manager which dock to choose. This dock is not chosen randomly from 
the available inbound docks but is tightly coupled to the origin of the load. Milk is always unloaded 
directly in front of the milk area in the DC. And the freights that carrying beer are unloaded with the 
use of integrated chain conveyors instead of fork lift trucks; only a few docks has such a conveyor.  
When a truck is not on time, arriving not in his delivery window of one hour, his preset dock can be 
occupied by another truck. Then the traffic manager can allocate the truck to a different inbound 
dock or put him in to a waiting lane. The last option can cost the supplier a lot of money, and when 
the supplier must wait too long they will pass on the cost to Albert Heijn. 

3.2.7 Return goods allocation 
The planning of the shuttle rides between the distribution centres and the return centres is done by 
the ROS-SC department Logistic preparation. Their goal is to deliver the needed return goods just in 
time, and take all pallets and other garbage away. However, only in Tilburg and Zwolle these shuttle 
rides are actual executed; in Zaandam this is only done around the building, and in Pijnacker the 
empties movements are done within the building, without involvement of trucks.  
 
Therefore only in Tilburg and Zwolle docks and staging lanes are needed and allocated. These 
designated docks are in an exclusive service mode, and this fixed ŀƭƭƻŎŀǘƛƻƴ ŘƻŜǎƴΩǘ cause any 
problems. In this project we do not focus on these docks and staging lanes because of the modest 
impact on the total (Example: 3 out of 72 staging lanes in DCO ς HB).  

3.3 Stakeholder analysis 

The current process of staging lane allocation affects many departments within the organization of 
Albert Heijn. In Figure 3.6 a high-level overview of the different departments is shown specified with 
the roles within that department that is affect by, or responsible for the allocation choices.  

 
Figure 3.6: Actor overview staging lane allocation 
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The process is coordinated by ROS-Supply Chain and their decisions affect the other actors. The most 
direct actors are Replenishment, the DCs and Ahold Transport. But of course; they have their own 
άŎǳǎǘƻƳŜǊǎέ ŀƴŘ ǘƘƻǎŜ ŀǊŜ ŀŦŦŜŎǘŜŘ ŀǎ ǿŜƭƭΦ Lƴ Table 3.2: Actor versus interest table this dependency 
ƻŦ ǘƘŜ ŀŎǘƻǊ ǾŜǊǎǳǎ ǘƘŜ ŀŎǘƻǊǎΩ ƛƴǘŜǊŜǎǘ is denoted.  
 

Actor Role Interest Contribution 

ROS ς Tactical 
preparation 

Coordinator Support the departments as 
good as possible in order to 
help the DCs 

Positive 

Traffic Management Coordinator Clear overview which docks 
are available and best 
suitable to allocate truck.   

Positive 

AT ς CTN  As many inbound staging 
lanes available as possible  

Positive for own 
interest 

AT ς Tactical planning  As many outbound staging 
lanes available as possible 

Positive for own 
interest 

AT ς Operational 
planning 

 As many outbound staging 
lanes and slack lanes 
available as possible 

Positive for own 
interest 

RE ς Transport IN  As many inbound staging 
lanes available as possible 

Positive for own 
interest 

RE ς Store timetable  As many outbound staging 
lanes available as possible 

Positive for own 
interest 

DC ς Management  The best possible allocation 
as possible to reduce 
congestion and increase 
efficiency 

Positive  

DC ς Workers End user The best possible allocation 
as possible to reduce 
congestion and increase 
efficiency 

Positive 

Stores ς Receiving Customer Receive the goods at the 
desired time  

Positive for own 
interest 

Stores ς Refill Customer Refill the shelves at time 
with low consumer rate  

Positive for own 
interest 

Consumer  Shop at anytime without 
disturbing by refilling shelves 

Neutral 

Albert Heijn ς Finance Owner Highest utilization of DC  to 
reduce costs and improve 
consumer satisfaction 

Positive 

Albert Heijn ς Global Owner Highest utilization of DC  to 
reduce costs and improve 
consumer satisfaction 

Positive 

External parties ς 
Transito 

 As many transtio staging 
lanes available as possible 

Positive for own 
interest 

Table 3.2: Actor versus interest table 

The different actors all have their own interest that result in a positive or negative contribution to 
the process. A lot of actors has marked positive for own interest. These interests are opposite to the 
other actors; and this will potentially result in conflicts during the decision process. (Ogden and 
Watson, 1999)  
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When adding more staging lanes and docks for inbound traffic the part of Replenishment that is 
responsible for transport IN is satisfied; they have more possibilities to efficiently plan their trucks. 
However Replenishment that plans the store timetable is not satisfied: the extra inbound staging 
lanes are possible taken from the outbound lanes which reduce the amount of possible time slots to 
ship a delivery to a store.  
 
In practice these discussions takes place indeed when defining the new dock and staging lanes 
allocation for the next months. As stated before, a lot of these discussions are done based on 
άŦŜŜƭƛƴƎέ ŀƴŘ άŜȄǇŜǊƛŜƴŎŜέΦ !ƭƭ ǇŜƻǇƭŜ ǎǇƻƪŜƴ ŘǳǊƛƴƎ ǘƘƛǎ ǊŜǎŜŀǊŎƘ ŀōƻǳǘ ǘƘƛǎ ǘƻǇƛŎ ǊŜŎƻƎƴƛȊŜ ǘƘŜ 
need for more clear and understandable information about the usage of the staging lanes to make 
objective decisions. This will help to eliminate the decisions based on feeling and discussion and will 
help to keep the interest for the company as a whole.   

3.4 Current challenges 

The aforementioned conflicting interests are in the current situation solved by experimenting with a 
few staging lanes more or less for a specific allocation. Mostly these changes are initiated by a site 
that experience problems in their daily operation. A shortage of outbound staging lanes results in 
produced load carriers that cannot enter the outbound staging area because the shipment of an 
ŜŀǊƭƛŜǊ ŎȅŎƭŜ Ƙŀǎ ƴƻǘ ƭŜŦǘ ǘƘŜ ǎǘŀƎƛƴƎ ƭŀƴŜΦ Lƴ 5ǳǘŎƘ ǘƘƛǎ ƛǎ ŎŀƭƭŜŘ άŘǳōōŜƭƭƻƻǇέΣ ŀƴŘ results in 
congestion in front of the staging lane. To solve this issue more staging lanes can be added or to 
solve the situation just once preload the shipment in an empty trailer and let it wait until the route to 
the stores starts.  
 
At the moment a shortage of inbound docks and staging lanes arise; this results in waiting times for 
ǘƘŜ ǎǳǇǇƭƛŜǊ ƻǊ ƛǘΩǎ [{tΦ ¢ƘŜ Ŏƻǎǘǎ ƻŦ ǘƘƛǎ ǿŀƛǘƛƴƎ ƛǎ ŀǘ ŎƘŀǊƎŜ ƻŦ ǘƘŜ ǎǳǇǇƭƛŜǊ ōǳǘ ǿƘŜƴ ƛǎ ƘŀǇǇŜƴǎ 
frequently the costs of the products will rise inevitable. To solve this issue again, more docks and 
staging lanes or more capacity to unload and process the load can be added.  
 
The most pressing issue and challenge in the current operation is the capacity of the transito flow; 
ǘƘŜ ŎǊƻǎǎ ŘƻŎƪ ƻǇŜǊŀǘƛƻƴ ōŜǘǿŜŜƴ ǘƘŜ ƴŀǘƛƻƴŀƭ ŀƴŘ ǘƘŜ ǊŜƎƛƻƴŀƭ 5/Ωǎ. There are frequently too few 
staging lanes to unload the shuttle rides between the sites; again this will result in waiting time. But 
because the goods in the truck are meant to combine with the other store orders produced in the 
regional DC; there is some time pressure. When the transito truck is unloaded overdue, it is not 
possible anymore to add more load carriers to the shipment. This time is marked as the Latest Time 
on Staging Lane or LTS. The truck to the store will then leave without the load carriers of the national 
centre. Besides the time pressure of this process, either the sorting of the load carriers is taking a lot 
of space. Before the load carriers are brought to the outbound staging lanes they are sorted on the 
transito staging lane. When the outbound lane is not opened yet (current time is before VTS- earliest 
time to staging lane) the load carriers of that store a still on the transito lane. Only when all load 
carriers have left the staging lane, the lane is released for a new transito shipment.  
 

Flow Issue/Challenge Solution 

Outbound Shortage of staging lanes results in 
congestion (Dutch: dubbelloop) 

More staging lanes allocated to outbound or 
preloading shipments 

Inbound Shortage of staging lanes results in 
waiting time for supplier trucks 

More staging lanes allocated to inbound or 
more capacity in workers to unload and process 
the load faster 

Transito Shortage of staging lanes results in 
waiting trucks and missed load 
carriers for shipments 

More staging lanes allocated to transito or other 
areas to temporary store load carriers.  

Table 3.3: Current challenges in staging lane allocation 
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4 Future situation 

As mentioned, Albert Heijn has the ambition of a significant increase in assortment and in number of 
stores. This will inevitably lead to an increase of volume that must be processed by the sites. With 
this ambition in mind the Shared Fresh Centre will replace the LVC in Nieuwegein in order to add 
capacity in the sites and be able to send more SKU to the stores. Of course the transito flow from this 
new national centre to the regional sites will grow. However; the amount of stores will remain at 
least the same and the number of shipments from suppliers will also not reduce. So when all staging 
lanes are in the current situation are already scare; the future situation will increase the challenges 
even more.  
 
The capacity calculations and principles for the different flows ς inbound, outbound and transito ς 
must be generalized before the tooling can be developed. During the project it appears that these 
starting points are not reflecting the current situation or interpreted differently within the different 
links of the supply chain. To overcome these limitations, several meetings have been conducted and 
visited to agree with the three parties: Replenishment, Ahold Transport and the sites. Together we 
have discussed the principles to calculate the capacity of the flows. Responsible mangers attending 
the meetings as well as specialists of the IT systems involved. 

4.1 Goals 

The future goals, indentified along the process, must be met when implementing the tool and new 
process. Goals of the LogDock-tool: 

1. More capacity in loading and unloading the inbound and outbound trucks 
2. More flexible planned events 
3. More possibilities in emergency situations 
 
More capacity 
As stated before, the capacity is problematic in the current situation, but will be even more 
challenging in the future situation. Due to the new SFC the transito flow will grow and the 
inbound flow will decrease. However, new assortment will be added and the expectation of 
several experts is that the inbound flow will not decrease at all. Also, not all inbound docks are 
physically suitable for transito either. A lot of inbound docks are positioned on the backside of 
the fresh centres; specially build to unload directly in the specific area. The outbound, and thus 
transito staging lanes and docks are position on the other side of the site; in the general area.  
In short: to ensure further grow in the organization, with expansion to Belgium and online 
ordering also taken into consideration, we assume all flows will grow instead of decrease. The 
first goal of the new way of dock allocation will be to use the persistent docks in an efficient 
manner to increase the capacity of the supply chain without investing in new warehouses. 

 
More flexible planned events 
With a dynamic scheduling and the ambition of Ahold Transport to make that planning even 
more dynamic to the day-to-day situation, a fixed dock and staging lane allocation is a huge draw 
back in an effectively dynamic planning. Extra transito or inbound deliveries can also be obviated 
through this process.  

 
More possibilities in emergency situations 
As seen in the introduction of section 1.1 in situations that differ from the normal operation also 
the normal exclusive service mode of docks and staging lanes is not suitable. The number of 
outgoing deliveries will rise dramatically when productions starts again after an emergency 
situation; it will be helpfull when then the allocation of docks can changes directly. 
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4.2 Principles and calculation Inbound 

¢ƘŜ ŎǳǊǊŜƴǘ ƛƴōƻǳƴŘ ŎŀǇŀŎƛǘȅ ŎŀƭŎǳƭŀǘƛƻƴ ŘƻŜǎƴΩǘ Ŧƛǘ ƛƴ ǘƘŜ ŘŜǎƛǊŜŘ ŦǳǘǳǊŜ ǎƛǘǳŀǘƛƻƴ ƻŦ ŘȅƴŀƳƛŎ ŀƴŘ 
effective use of docks and staging lanes. In two successive meetings with all the experts mentioned 
before, involved we determined a new calculation of inbound capacity and also the distribution of 
the available capacity on a daily basis and even during the day. This changing capacity per part of the 
day drives the dynamization of the staging lane allocation.  
 
Replenishment (RE) is responsible for the forecast of all products that are sold in the stores. This 
means that they are responsible for the availability of the products in the stores; but also in the sites. 
Because of this responsibility they maintain the contacts with all suppliers of Albert Heijn; and 
develop so-called vendor agreements with these suppliers. In this vendor agreements the delivery 
time windows are described; in general, a time window of one hour in which the supplier is expected 
to delivery to the site, see chapter 3.2.6.  
 

 
Figure 4.1: Screenshot RE Toolbox - Transport IN 

Replenishment maintains a toolbox which encloses information about assortment, sites and stores. 
For Transport IN the toolbox provides an overview of specific incoming suppliers; and also a total 
view of capacity per hour. Figure 4.1 is a screenshot of the so-ŎŀƭƭŜŘ άŎƻƭƻǳǊƛƴƎ ǇŀƎŜέΦ ¢ƘŜ ǊƛƎƘǘ ǎƛde 
of the page is the capacity per hour, per day. The left side is the planned capacity in that specific 
hour. When this is below the 80% of the available capacity it appears green; between the 80% to 99% 
it will be orange; and 100% and above red.  
 
At first glance a perfect way to analyse the capacity of the transport in flow and its staging lanes, but 
tƘŜ ŎǳǊǊŜƴǘ άŎƻƭƻǳǊƛƴƎ ǇŀƎŜέ have several issues: 

- The total available ŎŀǇŀŎƛǘȅ ƛǎƴΩǘ ǳǇ ǘƻ ŘŀǘŜ ŀƴȅƳƻǊŜ ŀƴŘ Řƻ ƴƻǘ ǊŜŦƭŜŎǘ ǘƘŜ ŎǳǊǊŜƴǘ ŀǾŀƛƭŀōƭŜ 
staging lane capacity due to a lack of maintenance. 

- The planned capacity is not up to date; only a tactical planning is available. This creates a 
situation with only outdated and general information. 

- ¢ƘŜ ŎŀƭŎǳƭŀǘƛƻƴ ƻŦ άмΣл ŎŀǇŀŎƛǘȅέ ƛǎ ŀƳōƛƎǳƻǳǎ 
- There are no clear principles on which the planning is done 
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Because of the timeliness, level of detail and reliability of the data, the information is not used in 
Řŀƛƭȅ ƻǇŜǊŀǘƛƻƴΣ ŀƴŘ ǘƘŜ ǇƭŀƴƴŜǊǎ ƻŦ w9 ŘƻƴΩǘ ōƻǘƘŜǊ ǿƘŜƴ ŀ ǘƛƳŜ ǿƛƴŘƻǿ ƛǎ ŎƻƭƻǳǊŜŘ ǊŜŘΦ ¢ƻ Ǉǳǘ ƛǘ 
differently, the current overview is useless and not used.  
 
The goal of the pre-mentioned meeting with the logistic managers and experts was to come up with 
principles for transport in capacity planning, and parameters to calculate the capacity available and 
planned.  

4.2.1 Principles  
The new principles of the inbound planning are grounded on a basis of simplicity and to produce a 
uniform set of measures of all four regional sites. Before the parameters where determined we all 
agreed on these principles: 

- One hour to unload and remove a full truck load (FTL) from the staging lanes to the 
buffers 

o Thus: a staging lane is blocked for one hour per receivable 
o Thus: one hour after arrival of a truck the next FTL can be unloaded on that same 

staging lane 
- Minimum capacity of a staging lane must be 26 pallets 
- The number of staging lanes can vary per hour 
- Capacity is measured in staging lanes. One dock can be serving two staging lanes in one 

hour 
- Breaks (lunch/diner)are not taken into account 

4.2.2 Prioritizing  
Next, prioritizing of the capacity must be determined. Each day consists of three shifts of eight hours; 
a day shift (7:00-16:00), evening shift (16:00 ς 23:00) and a night shift (23:00-7:00). The night shift is 
difficult in terms of inbound capacity and staffing. Because of age-related agreements there are 
fewer workers available in the night than a day and evening shifts. And also because there are no 
trucks leaving to the stores approximately between 21:00h and 3:00h there is a lot of outbound 
capacity needed to stage the pre produced routes. The prioritizing must be ideally low in the night. 
The day shift is busy (lots of trucks leaving and new routes produced) but also a lot of workers are 
available. Normal prioritizing is decided for this shift. The evening shift is special; the workers are 
available but there is no production and all staging lanes are empty. Therefore top priority is put on 
this time frame.  
 
Prioritizing is generalized in the following slogan: 
Inbound delivery must take place at the moment with the highest physical capacity, the highest 
staffing capacity at the cheapest possible moment.  
 
Example 1: a supplier that delivers one time per week will deliver by preference in the evening  
Example 2: A supplier that must deliver four times a day also delivers one moment in the night shift 
 
In Table 4.1 the concluding preference factor is noted based on the prioritizing principle. This factor 
is not the percentage of inbound freight that should be delivered per receiving block. Each block has 
a different duration time so the percentages will differ from the preference factor.  








































































