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ABSTRACT 

This master thesis describes how to orchestrate a transportation network of a horticulture 
supply chain in the future for different sales channels (e-tail, detail, and retail). The aim of an 
orchestrator is to minimize total logistic costs by optimizing the use of existing resources. 
Developing a decision support system for an (hypothetical) orchestrator operating the metro 
model is the result of this research. A literature review is executed to determine the decision 
criteria of an orchestrator and how to use different transportation modes in different situations. 
With a mathematical optimization tool, IBM ILOG Transportation Analyst 2.6., the 
transportation flow between inbound and clustering hubs is simulated for different scenarios. 
Insights are created in the effects of using multimodal transportation according to a fixed 
schedule (metro model) for different situations. Literature research and results of the 
simulations have shown that costs, flexibility, transportation time, capacity, density of the 
network, and CO2 emissions are important criteria in the decision making process of an 
orchestrator. Costs can decrease enormously by making use of different combinations of 
inbound hubs, different transportation modes and increasing the lead time.   
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MANAGEMENT SUMMARY 

The Netherlands became the birthplace of the floriculture sector more than a century ago, and 
for a long time FloraHolland is the largest auction house of cut flowers and plants in the world 
(FloraHolland, 2014). Today, most horticultural products physically pass through the auction 
houses on their fixed routes from (inter)national growers to (inter)national customers to allow 
for physical inspection and quality control. However, several market developments stimulate 
the chain to become an efficient (virtual) horticultural network, in which cut flowers, plants and 
other products are delivered to customers taking different (direct) routes (DaVinc³i, 2010). 
Therefore there is a need for the design of a robust and responsive distribution network.  

The metro model is the result of one of the work packages of DaVinc³i, and is a possibility of 
redesigning the network in which the customer is served more directly and where consolidated 
transportation can be applied. It consists of multiple inbound hubs, multiple clustering hubs and 
multimodal transportation services with fixed routes and time schedules. 

In this research a logistic decision support system for an (hypothetical) orchestrator operating 
the metro model will be developed. Insights are given in the way an orchestrator makes his 
logistical decisions and whether orders need to be transported directly or via the metro model. 
The following research question will be answered in this study: 

How can an orchestrator improve logistics operations in the floricultural supply chain 
using the metro model? 

Literature research is conducted into 
orchestration criteria and simulations with 
IBM ILOG Transportation Analyst are 
executed for different scenarios in order to 
answer this research question.  

The case study developed for the 
simulations is partly determined by the 
example metro model as given by 
Theeuwen (2013). However, a more 
detailed cost structure of multimodal 
transportation is used. Furthermore, 
metro lines are developed in more detail 
as well. In Figure 1, an overview of the 
metro model used during simulation is 
shown. Demand flows are determined 
using the export values recorded by HBAG 
(2013).    

The combination of different inbound hubs 
determines the distance which needs to be covered during the metro model and hence the costs 
and responsiveness of the network. A higher distance leads to higher costs because variable 
costs are dependent on distance, the possibility of using cheaper modalities decreases because 
they are slower, and orders can be combined less because this takes more time as well. When 
supply cannot be split up during the first mile (one sourcing location is linked to only one 
inbound hub), inbound hubs should be chosen which are located centrally. The port of Marseille 
for instance is located too far away from most clustering hubs and hence is not a good option to 
choose; Berlin cannot even be delivered within 24 hours. When supply can be split up (one 

FIGURE 1 METRO MODEL USED FOR CASE STUDY 
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sourcing location is linked to multiple inbound hubs), using more inbound hubs leads to lower 
distance which needs to be covered during the metro model and hence lowers costs. Besides, 
orders can be delivered more quickly as well.  

Deciding which transportation mode to use depends strongly on costs and speed. The cheaper 
the mode the slower it is. For this reason, orders needs to be ordered on distance to check which 
mode will be feasible within the restricted time. However, because rates are applied per 
container regardless the amount of units the container contains, it is also important to increase 
the utility rate as much as possible. A higher lead time results in more combined orders and 
hence less necessary vehicles are needed.  

Direct transportation (no stops on a route) is executed the most when lead time equals 24 and 
72 hours. Orders cannot be easily combined when lead time equals 24 hours due to the limited 
time; for this reason lots of direct routes occur. When lead time equals 72 hours lots of overlap 
in time between earliest pickup time and due date exists for orders with same origin and 
destination; hence orders can be combined even on direct routes.  

Direct transportation is characterized by orders with high volume, orders with low volume but 
high distance (Port of Rotterdam to Bordeaux in “Option 1”), or orders with low volume and a 
destination which cannot easily be combined (Port of Marseille to Bordeaux in “Option 3”).     

Indirect transportation is executed the most when lead time equals 48 hours. In contrast to the 
situation with a lead time of 24 hours, enough time exists to combine orders with destinations 
on (partly) the same route. Indirect transportation is characterized by orders with low volume 
(Brussels and Luxembourg). Often orders with low volumes are combined with orders with a 
different destination with high volumes to balance the utility rate. For example, routes which 
start from a particular inbound hub to Brussels (low demand) and Paris (high demand). 
Luxembourg and Brussels are combined the most because they are located centrally and both 
have low demand.  

In all cases, the average amount of units during indirect transportation is lower than for direct 
transportation. And the average amount of units during indirect transportation becomes higher 
when lead time increases. 

When lead time equals 72 hours a frequency of three days per week is sufficient to generate the 
lowest costs, as can be seen in Figure 2. When lead time equals 48 hours an increasing 
frequency from 0 to 1, 2, 3, or 5 days a week each time leads to more cost reductions. Increasing 
frequency from 0 to 7 each time leads to more reductions in costs when lead time equals 24 
hours. 

 

FIGURE 2 COSTS EFFECTS OF INCREASING FREQUENCY FOR OPTION 1 AND 3 
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How much costs will reduce depends on the days chosen. When lead time equals 24 hours, days 
should be chosen where most part of the demand on exists; this is on Friday, Saturday and 
Sunday. When lead time equals 48 or 72 hours the reduction in containers should be calculated 
when orders are combined instead of transporting individually. The days with the highest 
percentage of reduction in containers are the most important ones; this is on Monday, 
Wednesday and Thursday. Which days are chosen are especially important when lead time 
equals 72 hours and frequency is low.  

All criteria discussed above contribute to make improvements possible in the floriculture sector 
using the metro model. An overview of the decision making process is given in the figure below.   

 

FIGURE 3 DECISION SUPPORT SYSTEM OF AN ORCHESTRATOR 

The criteria in the figure are the most important ones and are determined based on the results 
of the simulations. These criteria are also appointed in the literature. The steps shown in Figure 
3 are not obligated to execute in order. Using multiple transportation hubs can still lead to 
improvements when not changing the way inbound hubs are used for instance. This report can 
be used to gain more insights in how an orchestrator should make decisions using the metro 
model.  
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1. INTRODUCTION 

The research conducted in this report is part of the DaVinc³i project and executed at the 
company FloraHolland. The aim of this research is to develop a decision support model for an 
(hypothetical) orchestrator operating the metro model. An orchestrator is responsible for 
steering the network as optimal as possible by making use of existing resources. The current 
network of the horticulture needs to become more responsive because of changing market 
developments, for instance more demanding customers. The metro model is a design which 
makes more flexible transportation possible, e.g. serving the customer more directly and 
transporting orders with lower volumes and higher frequencies. The metro model makes use of 
different transportation modes (e.g. truck, train, and barge) and is designed based on fixed 
routes and time schedules. In this research the performance of the metro model will be tested 
for different situations. First, an introduction is given about the company FloraHolland, the 
horticulture supply chain, the DaVinc3i project, and the metro model. In Section 1.5 the 
structure of the report is described. 

1.1. FLORAHOLLAND 

“FloraHolland is a co-operative organisation of and for 
growers of horticultural products” (FloraHolland, 2014). 
This means that the business is owned by its members. 
The Netherlands became the birthplace of the 
floriculture sector more than a century ago and for a 
long time FloraHolland is the largest auction house of cut 
flowers and plants in the world (FloraHolland, 2014). 
There are five different market places belonging to 
FloraHolland indicated in Figure 4, namely: Aalsmeer, 
Naaldwijk, Rijnsburg, Eelde, and Rhein-Maas (joint 
venture) (FloraHolland, 2014). Bleiswijk is also shown in 
Figure 4 but became a logistic center recently. In 
addition to the five auction centers, a nationally-
operating intermediary organization and an import 
department are property of FloraHolland.  

Some interesting facts about FloraHolland are given in the table below:  

800 growers 10 auction 
rooms 

60 import 
countries 

60% of the 
worldwide 
export of 
flowers and 
plants 

8 billion units 
flowers and plants 
traded per year 

5000 members 38 auction 
clocks 

140 export 
countries 

109.350 
transactions per 
day 

200 000 000 
packaging units 

3600 employees 270 000 
auction trolleys 

20 000 different 
types of flowers 
and plants 

4,5 billion euros 
in sale 

2459 
customers/exporters 

 

FIGURE 4 MARKETPLACES FLORAHOLLAND 
(FLORAHOLLAND, 2014) 

TABEL 1 INTERESTING FACTS FLORAHOLLAND (FLORAHOLLAND, 2013) 
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FloraHolland offers different kind of services in which they fulfill the role of matchmaker, 
intermediary and knowledge center. Examples of these services are: service of auction clock, 
marketing and quality services, mediation and direct trade service, service of remote buying, 
logistics and facilities services, and financial service (FloraHolland, 2010).   

1.2. HORTICULTURE SUPPLY CHAIN  

The horticulture supply chain consists of growers, auctions, traders, logistic service 
providers and outlets; an overview of the supply chain is given in Figure 5. 

 

Different flows within the supply chain of the horticulture sectors exist (Evo Bedrijfsadvies, 
2009): 

- Auction flow: products are delivered at the auction house by the grower. The products 
are stored, controlled, sold via the clock, distributed and delivered at the trader. 

In the case of FloraHolland, the grower will choose in advance at which auction house the 
flowers will be sold. Aalsmeer, Naaldwijk, Rijnsburg, Eelde, and Rhein-Maas are the options the 
grower can choose.  Also the possibility exists to split the supply and sell them on different 
auctions to realize the best price. All kind of flowers will come together from the Netherlands or 
other places of the world to be assembled at the different locations of FloraHolland. Flowers and 
plants are collected so that they can appear at the auction clock. At this place, demand and 
supply come together and traders buy their flowers for their customers who are located all over 
the world. When a bid is accepted, the flowers are ready to be transported within an hour.  

- Mediation office: a trader indicates which products are needed, when, and under which 
delivery circumstances. Products will not pass the auction clock but are distributed 
through the auction house. 

A grower can choose to sell their flowers and plants via the auction clock using a daily price or 
via mediation. FloraHolland, for instance, mediates between the grower and the buyer and set 
concrete prices for the sale of the grower’s plants. In this way the buyer gets more certainty 
about the correct amount of plants against the correct quality and the grower gets also more 
certainty because it will be sure that the plants are sold.  

FIGURE 5 SUPPLY CHAIN NETWORK OF THE DUTCH ORNAMENTAL PLANT SECTOR (VAN DER VORST, 
DUINEVELD, SCHEER & VAN DEN HEUVEL, 2006) 
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- Distribution outside auction: products are not delivered at the auction, stored, and 
distributed but are directly delivered at the box of the trader. The purchasing process 
and the clearance occur via the mediation office. 

- Outside auction: products are directly delivered at the box of the trader and clearance 
is not executed via the auction.   

1.3. DAVINC³I  

The DaVinc³i project has been founded to analyse how the logistic network needs to look like in 
the future to support the Netherlands with serving their customers in the horticulture supply 
chain. The project objective of the DaVinc³i project can be defined as follows: 

“to strengthen the international leading competitive position of the Dutch horticulture sector in a 
global, virtualized trade network by researching (1) the opportunities for new coordination, 
consolidation and collaboration concepts in extended international trademark networks, and 
(2) the possibilities for making chain information directly and real-time available and usable to 
support decision making of all partners in the horticultural network (DaVinc³i, 2010, pg. 4)”. 

The DaVinc³i project has defined 12 different (future) scenarios based on: 

- Dominant sales channel: detail, retail, or e-tail 

- Level of change: evolution (adjustment) or revolution (challenge) 

- Subsector: flowers or plants 

Subsector: flowers or plants 

Type of product influences the supply chain because differences exist for flowers and plants. 
After being cut, a flower can decrease 15% in value a day in case not delivered to the customer, 
whereas an ornamental plant is almost non-perishable (van der Vorst et al., 2006, pg.6). So 
especially in flower chains speed is essential. Moreover, consumers normally buy several cut 
flowers as a bouquet whereas potted plants are sold piece by piece (van der Vorst et al., 2006, 
pg.6). Because plants are almost non-perishable, it will be easier to keep inventory close to the 
customer in which a demand driven chain is created and in which the chain is more flexible. 
Besides, transportation costs of plants can be cheaper because speed is of less importance due 
to the non-perishable characteristic. The vase life is one of the most important product 
attributes; for flowers nowadays about 7 days (van der Vorst et al., 2012).  

RETAIL SCENARIO 

In this scenario 60% are retail customers, 20% detail, and 20% e-tail. This scenario can be 
applied for flowers as well for plants, and for the revolution and evolution scenario. The retail 
sector is an unspecialized market segment where flowers and plants are sold via for example a 
supermarket. Flowers and plants are not the core products of their assortment (DaVinc³i, 2012, 
pg. 8)”. 

Customers belonging to the retail chain demand normally large volumes of specific products 
and fixed prices (van der Vorst et al., 2012). Economies of scales can be reached more easily in 
order to decrease transportation costs due to the high volumes. These customers also have a 
wider product assortment, which makes it easier to deliver these large retailers more directly 
because less different types of flowers need to be bundled (van der Vorst et al., 2012). 
Furthermore, more alignment occurs between the growers and these large retailers because of 
demanding high volumes. Without alignment it would not be possible for the grower to produce 
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these high volumes of a specific flower. For this reason, this aggregated demand can be (partly) 
planned in advance.   

DETAIL SCENARIO 

In this scenario 60% are detail customers, 20% retail, and 20% e-tail. This scenario can be 
applied for flowers as well for plants, and for the revolution and evolution scenario. The detail 
sector is a specialized segment where flowers and plants are sold via for example a florist. 
Flowers and plants are the core products of their assortment (DaVinc³i, 2012, pg. 8)”. 

Specialist shops (detail chain) often gain their competitive advantage due to a deep product 
assortment (and hence small volumes per individual product) and they focus on high-quality 
products (van der Vorst et al., 2012). For this reason different sourcing parties are involved 
which makes it necessary to collect and sell them on a central location, the auction (flora 
market). Specialist shops use day-to-day prices and volumes available (van der Vorst et al., 
2012). The smaller volumes demanded and the higher frequency of detail orders compared to 
retail orders both make it difficult to deliver the client directly. Transportation is often bundled 
to reach economies of scales which lead to a decrease of transportation costs.   

E-TAIL SCENARIO 

Virtual trade has become more important due to new technologies which resulted also in an e-
tail channel (virtual market places, web-shops, etc.). For this reason, physical product flows 
have become more separated from the steering and coordination of these product flows. This 
gives the opportunity to redesign the logistic network (DaVinc³i, 2010). 

Flowers and plants are sold via the internet where customers buy both; for own use (same for 
customers of retailers) as for presents (same for customers of detailers). The assortment is very 
deep and wide (DaVinc³i, 2012, pg. 8).  

The E-tail chain requires a more responsive supply chain. It is important to postpone the final 
assembly of end products as far as possible downstream in the supply chain to be more 
responsive. By delaying (postponing) product differentiation one delays for as long as possible 
the moment when different product versions assume their unique identity, thereby gaining the 
greatest possible (mix) flexibility in responding to changing consumer demands. Postponement 
is based on the principle of seeking to design products using platforms, components or modules 
(van der Vorst, 2006).  

In a demand-driven virtualized trade and logistics networks, physical product flows are 
separated from information and commercial transaction flows (DaVinc³i, 2010). Next to this, 
virtualization makes trading methods and price formation more and more admissible and 
transparent. “E-trade and KOA (“Kopen Op Afstand”, remote buying) are used by customers far 
away to buy directly at either producers or auctions, but have challenging implications for the 
(value-adding) activities of all stages between production and markets. It implies that flowers 
and pot plants are sourced internationally, which are, instead of being transported via the 
market place in the Netherlands, directly distributed via a logistics hub network in Europe to 
regional customers. These customers require value-added products packed and delivered 
within a complete assortment with specific logistics service constraints. Each actor in the supply 
chain is confronted with uncertainty regarding the availability and price of specific products on 
time fulfilling all requirement, especially quality” (DaVinc³i, 2010, pg. 8). Collaboration between 
different actors in the chain, vertical as well as horizontal, may improve the efficiency of 
processes as harvesting and transport, and reduce product waste (DaVinc³i, 2010, pg. 8).  
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OVERVIEW SCENARIOS 

In the figure below the different scenarios are shown; the left side shows the evolution 
scenarios and the right side shows the revolution scenarios (DaVinc³i, 2012).   

 

FIGURE 6 DIFFERENT SCENARIOS OF DAVINC³I PROJECT (DAVINC³I, 2012, PG. 19).   

The flora provider supports other parties in the sales channel with for instance sourcing, value 
added logistics and break/bulk functions. The flora provider becomes the owner of the 
products. At the flora market, demand and supply come together and trade exist in flowers and 
plants. This party is not the owner of the products. The fresh provider is specialized in 
particular market segments like fresh products and becomes owner of the products (DaVinc³i, 
2012).  

As can be seen in Figure 6, for the evolution scenario (left side) flora providers exist. This 
intermediary exist because the level of change is limited for the evolution scenario, it is also 
referred as adjustment scenario (DaVinc³i, 2012). In contrast, for the revolution scenario 
(right side), the intermediary does not exist anymore. This scenario is more challenging and the 
level of change is high (DaVinc³i, 2012).  

1.4. INTRODUCTION OF THE METROMODEL 

The current network of the horticulture logistics can be characterized by a hub and spoke 
network because most products enter the Netherlands via one of the green ports and are 
transported from that point to several destinations located in Europe (DaVinc³i, 2013). “A hub-
and-spoke location problem can be generically defined as a location–allocation problem, which 
consists of determining the number of consolidation terminals (hubs), their locations and the 
assignment of the spokes (non-hub nodes) to the hubs, aiming to minimize the total cost, which 
is composed of fixed and variable costs” (Cunha and Silva, 2005, pg. 748). This network is 
adjusted to large volumes. However, smaller volumes and more frequent deliveries are 
increasing DaVinc³i, 2013). Furthermore, the physical flow becomes more and more separated 
from the information flow. 
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Because of the virtualization, digitalization, and globalization the logistic network of the 
floriculture needs to become more flexible in which clients will be served more directly. The 
supply chain needs to become more responsive (demand driven) in which the future scenarios 
of DaVinc³i, as explained in Section 1.3, can be realized. The metro model is the result of one of 
the work packages of DaVinc³i, and is a possibility of redesigning the network in which the 
customer is served more directly and where consolidated transportation can be applied. 

The metro model allows that flowers and plants are transported from sourcing locations to 
several destinations located in Europe via several inbound hubs. Small volumes are combined 
into larger volumes between the inbound hubs and clustering hubs (hub where for example 
added value logistics can take place). Transportation occurs in fixed frequencies for each 
transportation mode (truck, train, aircraft, and ship). Thereby, also small deliveries can be easily 
transported to their destinations because always a quick and appropriate connection exists 
(DaVinc³i, 2013). The metro model assumes that a customer has three different options: the 
product needs to be delivered in a cheap way, environmentally friendly, or fast way (DaVinc³i, 
2013). 

The concept ‘metro model’ is based on the metro/subways in larger cities across the world 
(Theeuwen, 2013, pg. 7). In these cities, you can ‘jump on and off’ the network at every 
entry/exit point in the network (Theeuwen, 2013, pg. 7). Each point is connected to at least one 
other point in the network, all points and connections together create the metro network; an 
interconnected network in which you can travel from A to B through the use of different routes 
(Theeuwen, 2013, pg. 7). While travelling from A to B you can use an available direct line, or go 
by one or multiple transshipment points before arriving at the end location B (Theeuwen, 2013, 
pg. 7). 

 

 

 

 

 

 

 

 

 

 

 

 

 

In the metro model, a system of cities and regions (for production and consumption) is foreseen 
linked by multimodal transportation services and hubs (DaVinc³i, 2014). First, products need to 
be transported from the sourcing location to an inbound hub (entry point), referred as first 

FIGURE 7 METROMODEL (KOPPES, 2012) 
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mile logistics. Afterwards, products are transported through the metro model. Finally, 
products are transported from an outbound hub (exit point) to the customer, referred as last 
mile logistics. In the metro model transshipment hubs exist. These hubs are used to transport 
the products efficiently from grower to customer. 

The following elements are included in this network, as can be seen in Figure 7: 

- Entry hub: a point in the network where products enter the network 
- Inbound hub: a point in the network where products enter a hub 
- Clustering hubs: where products can transfer and/or be subjected to value added 

activities, such as making a bouquet 
- Transport services at fixed frequencies by multiple modalities (truck, train, plane, and 

barge/ship). These services are not unidirectional connections between two points, but 
a ‘circular’ route between multiple points in the network. Transport services will 
generally be offered in both directions along a particular route.  

- Outbound hub: a point in the network where products leave a hub 
- Exit hub: a point in the network where products leave the network 

Note that a particular hub can fulfill the role of the different hubs as described above 
simultaneously. For example, a clustering hub close to the customer can be an exit hub as well. 
Or an entry hub is most of the time an outbound hub as well because when a product enters the 
network it normally will pass at least one other hub to reach the customer. In Figure 7 an 
overview of the metro model is given. Each link has its own characteristics: modality, time 
needed, cost, and emissions. 

1.5. REPORT STRUCTURE 

The first part of this report contains the research design including problem definition, aim of the 
research, research question, methodology and scope. Second, an overview is given of 
orchestration- and transportation mode criteria. In Chapter 4, the mathematical model of the 
metro model used for simulation is described. In Chapter 5 the case study is defined. Chapter 6 
discusses the different scenarios which will be simulated and the corresponding results. Finally, 
a conclusion and recommendations are given based on the results of the simulation.  
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2. RESEARCH DESIGN 

In this chapter the research design is described. First, the research problem is provided. Second, 
the aim of the research is discussed. Third, the research question and corresponding sub 
questions are given. Furthermore, the research methodology is outlined. Finally, the scope is 
written.   

2.1. RESEARCH PROBLEM 

Today, most horticultural products physically pass through the auction houses on their fixed 
routes from (inter)national growers to (inter)national customers to allow for physical 
inspection and quality control. However, several market developments stimulate the chain to 
become an efficient (virtual) horticultural network, in which cut flowers, plants and other 
products are delivered to customers taking different (direct) routes (DaVinc³i, 2010). 

Higher volumes and more direct trade between producers and large retail organizations is the 
first change that has occurred. A second development is that market shares in the sales channels 
are shifting more and more from small florist shops to large construction- and garden centers 
and retail outlets. The shift of production volumes to other countries is a third major 
development (van der Vorst et al., 2006). The horticulture supply chain is currently changing 
from a more supply driven chain towards a more demand driven chain (DaVinc³i, 2010).  

The demand and supply regarding flowers have some characteristics which makes it difficult to 
realize a more responsive strategy in order to adapt to the economic changes. Firstly, high 
uncertainty in volume, quality, and time exists in supply and demand (DaVinc³i, 2010). 
Secondly, the supply chain covers a different strategy for the two types of marketing channels. 
Retail industries (supermarkets, garden centers, and construction outlets) are demand 
driven because the flowers are an additional product instead of core product and for this 
reason these retail customers demand large volumes of specific products against fixed prices 
(DaVinc³i, 2010). In contrast, detail industries (specialist shops) are supply driven (using the 
virtual auction clock) because they demand a deep product assortment (with a high quality) 
and for this reason small volumes per individual product against day-to-day prices and 
volumes available (DaVinc³i, 2010). Besides, for both channels, the vase life is one of the most 
important product attributes (DaVinc³i, 2010). Order lead times are continuously reducing and 
there is a trend to smaller order batch sizes but still many rush orders exist which leads to 
reduced efficiency.  

“The combination of many growers and many buyers scattered in a large, global network 
with perishable products, calls for transportation solutions focusing on direct deliveries as 
much as possible, giving a low lead time in the supply chain. On the other hand, due to the 
dynamics and stochastics in the volumes supplied and demanded, a sole focus on direct 
deliveries leads to much inefficiency in transportation (e.g. low capacity utilization, high 
emissions, etc.). These inefficiencies motivate the need for consolidation in logistical hubs (e.g. 
growers, auctions, other cross dock facilities, etc.), putting pressure on the quality of the 
perishable product” (DaVinc³i, 2010, pg. 23). 

In conclusion, “the horticultural sector is sketched as partly a push (sale via auction clock), 
partly a pull system (direct sale), implying a trade-off between efficient deliveries with 
stock holding points in the logistics network versus having no inventories with a very high 
frequent delivery of products (DaVinc³i, 2010, pg. 16)”. Pull refers to a system of make to 
order, which means that finished products are only manufactured when customers require them 
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(Ghiani, 2004, pg. 4). Push refers to a make to stock system, which means that production and 
distribution are based on forecasts (Ghiani, 2004, pg. 4). “In either case, the perishable nature 
of the product and given demand and supply uncertainty implies potential mismatch between 
supply and demand and product wastage at the retailers (DaVinc³i, 2010, pg. 16)”. “It is clear 
there is a need for the design of robust and responsive distribution networks (DaVinc³i, 
2010, pg. 16)”. 

2.2. AIM OF THE RESEARCH 

In this research a logistic decision support system for an (hypothetical) orchestrator 
operating the metro model will be developed. The aim of the research will partly focus on 
getting insights in the way an orchestrator makes his logistical decisions. The metro model 
should be able to deliver the customer more directly, and should make transportation cheaper 
due to consolidated transportation where the low volumes can be transported frequently at 
fixed time schedules for different transportation modes. For this reason, also insights will be 
given whether the client needs to be served directly or via the metro model this is partly 
dependent on the volumes of the demand. When volumes are high, direct transportation is 
probably cheaper. In contrast, when volumes are small, transportation via the metro model will 
probably be a better option. 

2.3. RESEARCH QUESTION AND SUB QUESTIONS 

The following research question will be investigated:  

How can an orchestrator improve logistics operations in the floricultural supply 
chain using the metro model?  

In order to answer the research question, several sub questions need to be answered: 

1. Based on the literature and interviews what are the important factors where an 
orchestrator will base his logistical decisions upon?  

2. What model can be used to simulate decisions of an orchestrator? 
3. What will be the input of this simulation? 
4. Which conclusions can be made based on the output of the simulations for different 

scenarios (e.g. minimizing costs, minimizing lead time, and minimizing CO2 emissions)? 
5. What are the effects of more direct transportation versus the current situation? For 

example what happens when roses from Kenya are transported directly to a customer in 
Italy, instead of firstly transported to Aalsmeer? What is the corresponding utility rate of 
the vehicles? 

2.4. METHODOLOGY 

First, literature research will be conducted into orchestration- and transportation mode criteria. 
Second, the demand is determined in order to make the transportation flow between inbound 
and clustering hubs visible. The design of the metro model will be determined based on the 
locations of the hubs as provided in the example metro model given by Theeuwen (2013). The 
transportation flow between the inbound and clustering hubs is simulated with the program 
IBM ILOG Transportation Analyst, which is a mathematical tool; it is a powerful strategic route 
analysis and planning tool. IBM ILOG Transportation Analyst V2.6 determines optimal load 
consolidation, route sequences, and shipping schedules. It is a route planning software for 
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vehicle routing and shipment planning that optimizes utilization of transportation assets. 
Simulating the metro model is possible with the IBM ILOG Transportation Analyst because LTL 
carriers, consolidation, and time windows of carriers are possible to model. Different scenarios 
will be simulated and results are compared. 

2.5. SCOPE 

This study elaborates on the example metro model as given by Theeuwen (2013), for this 
reason the scope can partly be described the same, this is shown in Table 2. The focus of this 
research considers the optimization of transportation between inbound hubs and clustering 
hubs. How the first mile and last mile should be orchestrated is out of scope, as can be seen in 
Figure 8. 

 

FIGURE 8 GRAPHICAL REPRESENTATION OF THE SCOPE 
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Sourcing 
Locations 
(#13) 

Inbound 
hubs (#10) 

Clustering 
hubs (#10) 

Products (#10) 

Name Origin Type 
of 
flower 

Kenya Aalsmeer/ 
Schiphol 

Amsterdam Rose Aalsmeer, Naaldwijk, Ecuador, 
Ethiopia, Kenya 

Flower 

Ethiopia Naaldwijk/ 
Port of 
Rotterdam, 

Brussels Tulip Aalsmeer, Naaldwijk Flower 

Ecuador Liege 
Airport / 
Maastricht 
Aachen 
Airport 

Luxembourg Chrysanthemum 
(spray) 

Aalsmeer, Naaldwijk Flower 

Colombia Port of 
Antwerp 

Munchen African Daisy 
(Gerbera) 

Aalsmeer, Naaldwijk Flower 

Israel Frankfurt 
am Main 

Berlin Freesia Aalsmeer, Naaldwijk Flower 

Tanzania Port of 
Hamburg 

Hamburg Carnation 
(Dianthus) 

Aalsmeer, Naaldwijk, 
Colombia, Ethiopia, Sicily (IT), 
Napels (IT), Kenya, Portugal, 
Almeria (SP), Jerez de la 
Fronterra (SP) 

Flower 

Sicily (IT)  Charles de 
Gaulle 

Bordeaux Lely (Lilium) Aalsmeer, Naaldwijk, Ethiopia, 
Israel, Spain Tanzania 

Flower 

Napels (IT) Port of 
Marseille 

Marseille Peruvian Lily 
(Alstroemeria) 

Aalsmeer, Naaldwijk Flower 

Almeria (SP) London 
Heathrow 

Paris Ruscus Israel Green 
product 

Jerez de la 
Fronterra 
(SP)  

Port of 
Tilbury 

London Pittosporum Israel Green 
product 

Portugal Explanation of choices 
The sourcing locations are selected based on the amount of products per product type they 
supply on a yearly basis. Inbound hubs consist of airports and sea ports and are chosen 
according to the most likely arrival points of supplies in the network. The clustering hubs 
are located in six countries which represent 76% of the turnover of FloraHolland. The 
corresponding cities are chosen based in three criteria: the size of population, the 
accessibility with different transportation modes and the spacing in-between the different 
cities. The products are chosen from the top 15 flowers in the six countries determined with 
a weighted averaged of popularity for the different countries. 

Naaldwijk 

Aalsmeer 

TABLE 2 EXAMPLE METROMODEL (THEEUWEN, 2013) 
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3. ORCHESTRATION CRITERIA 

In this chapter an answer will be given on the first sub question of this research: What are the 
important factors where an orchestrator will base his logistical decisions upon? First, the 
definition of an orchestrator is shortly discussed. Besides, selection criteria of logistic service 
providers are written. In addition, selection mode criteria of transportation modes are 
explained.  

3.1. DEFENITION ORCHESTRATOR 

An orchestrator is a type of logistic service provider (LSP) referred to as fourth party logistics 
(4PL). Logistics network orchestrator or fourth party logistics (4PL) are supply chain 
integrators that assemble and manage the resources, capabilities, and technology of its own 
organization with those of complementary service providers to deliver a comprehensive supply 
chain solution (van der Vorst et al., 2006, pg.3). “A network orchestrator is a non-asset based 
service provider, which means that it has no trucks or warehouses of its own, who outsources 
logistics activities to standard or integrated LSPs” (van der Vorst et al., 2006, pg.10). “Overall, a 
network orchestrator takes over coordinative and administrative responsibility for their 
customers, and takes over responsibility for the effectiveness and efficiency of the logistics 
system of its customers” (van der Vorst et al., 2006, pg.10). “A network orchestrator has an 
overview of the resources and capabilities of the network members on one hand and the 
demands of the end customers on the other hand” (van der Vorst et al., 2006, pg.10). 

“A 4PL provider develops and implements a total solution for the whole or a certain part of the 
logistic process in the perspective of the client, which the 4PL provider subsequently organizes, 
manages, visualizes, continually optimizes, and adapts in case of changing market 
conditions and customer needs. Subsequently, the 4PL provider is responsible for the selection 
and control of the executing logistic service providers to guarantee the best price-quality ratio. 
A 4PL provider is asset neutral and has comprehensive, up-to-date logistical, technological and 
management knowledge, expertise and skills or has the accessibility to this information via 
alliances (Flanders Institute, 2007)”. 

A 4PL needs to achieve the following (Verweij & Zomer, 2007, pg. 26): 

- Provide shippers with a desired service; 
- Have a sufficient transportation volume in order to make 3PL’s interested in dealing 

with it and comply its “optimization efforts”; 
- Solve transportation complexity from shippers; 
- Use a fitting IT system to handle such a complex structure; 

3.2. 3PL SELCETCION CRITERIA 

“Evaluating and selecting 3PL providers can be regarded as a multi-criteria decision making 
(MCDM) process in which a decision maker chooses, under several selection criteria, the best 
option among alternatives” (Soh, 2010, pg. 339). In Figure 9 a decision hierarchy for selecting a 
3PL provider is shown. The most important criteria are discussed below. 

Cost can be an important criterion depending on whether the cost of the service or the 
performance of the service is more of importance (Qureshi et al., 2007). Financial stability is 
an important criterion because it ensures low risk relationships (Qureshi et al., 2007). 
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The quality of the service is another important criterion because when a 3PL service provider 
enhances perceived quality of customers, the market share of the shipper will increase due to 
satisfaction of the customer (Qureshi et al., 2007). High delivery performance is captured by 
speed and reliability, it increases customer satisfaction and for this reason it is an important 
criterion to consider in the decision making process of 3PLs (Qureshi et al., 2007). “3PL services 
providers with high geographical spread and enhanced range of services are desirable features 
for the shippers” (Qureshi et al., 2007. pg. 233). Flexibility in operation and delivery 
characterizes a potential criterion for a 3PL service provider due to the shipper’s changing need 
in constantly evolving marketplace (Qureshi et al., 2007). 

Information sharing and trust boosts compatibility, e.g. companies with a high degree of 
outsourcing transportation and information management, emphasis quality, cost, and 
compatibility (Qureshi et al., 2007). “Information sharing and trust provides large amount of 
data sharing that results in higher confidence level between shipper and 3PL services provider” 
(Qureshi et al., 2007, pg. 232). Compatibility is also a very important criterion as it enables 
shipper and 3PL service providers to work together; it provides ease of working and flexibility 
to initialize a long-term relationship (Qureshi et al., 2007). 

The criterion reputation is important to consider because brand name endorses the quality, 
reliability, customer service level, customer satisfaction and contract fulfillment (Qureshi et al., 
2007). 

Information technology capability is another important criterion to consider when choosing a 
3PL. For example, tracking and tracing devices used by 3PL services provider makes them 
responsive and hence lead to render better services to customers, IT capabilities enhances the 
ability to deliver and provides significant improvement in financial stability and operational 
performance, and IT capabilities may lead to the reduction of cost of service in long run 
(Qureshi et al., 2007). 

 

 

 

 

 

 

 

 

 

 

 

 

 

FIGURE 9 DECISION MAKING HIERARCHY FOR SELECTING A 3PL PROVIDER (SOH, 
2010, PG. 344) 
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3.3. TRANSPORTATION MODE CRITERIA 

In general, in order to be responsive, a supply chain can make use of multiple delivery modes in 
which the slower and cheaper modes are employed for shipments under usual planning (push 
process) to enjoy the economies of scale and contribute to a cleaner way of transportation by 
emitting less carbon emissions (lean and green), while the faster and more expensive delivery 
modes are used for speedy and emergency replenishments by market demand (pull process) 
(DaVinc³i, 2010, pg. 17). The containers of import flows usually contain large volumes of the 
same flower or plant type, for which has been proven that rail and sea transport using 
conditioned containers instead of speedy air transport is a successful technology (DaVinc³i, 
2010). “In export flows multiple types of flowers or plants have to be distributed together, but 
each respond differently to specific temperatures and humidity. Cymbidium, anthurium, and 
other exotics require a warm environment; others such as roses and chrysanthemum need a 
cooler environment to preserve shelf lives” (DaVinc³i, 2010, pg. 9).   

Different criteria are of relevance when choosing an appropriate transportation mode (they are 
ranked from most important to less important) (Vannieuwenhuyse et al., 2003, pg. 128): 

1. Transportation cost: direct cost of transportation, e.g. fuel, driver’s wages, etc.; 
2. Reliability: Ability to respect the promised delivery date; 
3. Flexibility: Ability to adapt to changing customer requirements and circumstances; 
4. Transportation time: Duration of the overall transportation process (from door-to-

door); 
5. Safety: Probability of avoiding damage and loss of quality of the goods; 
6. Capacity: Remaining capacity available; 
7. Density of network: Availability of (alternative) links; 
8. Regulation and legislation: Set of rules, obligations, customs formalities, etc.; 
9. Impact: Impact and control potential of goods flow; 
10. Image: Company image with respect to environment, safety, etc.; 
11. Strategic elements: Considerations of strategic elements; 

Decision making process 

Vannieuwenhuyse et al. (2013) applied a Multi-Criteria Decision Making (MCDM) approach; 
which consists of a decomposition step and a synthesis step. “The bottom line in these methods 
is that the decision maker combines different, sometimes conflicting, interests or criteria in 
order to find the overall best choice” (Vannieuwenhuyse et al., 2003, pg. 127). 

The decomposition step is the first step to take by a decision maker which refers to the data 
gathering part. The following phases belong to this first step (Vannieuwenhuyse et al., 2003): 

- Which are the feasible alternatives? (N alternatives) First, an orchestrator needs to 
determine what the transportation modes are to be considered.  

- Which are the criteria? (M criteria) Second, the factors which are important to base a 
transportation mode choice decision on needs to be defined. 

- Which are the weights of the different criteria? Third, the relative importance of the 
defined factors needs to be determined. This is also determined by the objective of the 
customer, namely whether costs needs to be minimized, CO2 emissions needs to be 
minimized or lead time needs to be minimized.  

- Which are the scores (MxN matrix)? The performance of an alternative for particular 
factors needs to be considered. 
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The synthesis step is the second step and refers to the decision making of the best alternatives; 
this is done based on utility functions. The research Vannieuwenhuyse et al. (2003) provided 
the following results after the synthesis step: 

- In the case of small volumes (< 10.000 ton a year) and short distance (<100km), freight 
flows niche road haulage is the best option (Vannieuwenhuyse et al., 2003, pg. 131). 

- For bulk transportation, no significant differences exit of using road, inland navigation, 
and intermodal transportation modes. 

- In the case of large volumes (> 50.000 ton a year) and long distance (> 500km), inland 
navigation and intermodal transportation become competitive with road transportation. 

- For container transportation, inland navigation and intermodal transportation are more 
appropriate to use than road transportation. 

3.4. COMPARISON TRANSPORTATION MODES 

The current available transportation modes in Europe are: road haulage, rail, inland waterways, 
short sea transport, air transport, and pipeline transport. Pipeline transport is only used for 
specific transport of liquid bulk (Verweij & Zomer, 2007). Airline transport is mostly used for 
small amounts of high value goods. Hence, only the first four types of modes undergo 
competition. The most important criteria will be compared for these different transportation 
modes.  

Road Haulage 

Trucks are mainly used for moving semi-finished products (Ghiani et al., 2004, pg. 12). 
Truckload (TL) and less-than-full-truck load (LTL) are the two types of road haulage. A TL uses 
only a single trip, so transportation directly from origin to destination. For LTLs (shipments are 
much lower than capacity) indirect routes can be more efficient by combining loads. The 
indirect routes result in a lower speed (Ghiani et al., 2004).  

Prices of the haulage market are competitive but are rising due to the higher fuel prices, road 
pricing policies, and taxes (Vannieuwenhuyse, 2002). Road haul is most appropriate for low 
quantities because the load volume on a truck is limited (Vannieuwenhuyse, 2002). In some 
cases, road haulage is unreliable transport modes due to the increasing congestion problems on 
more European roads which causes delays and are sometimes hard to predict. Scores of 
accidents on the road is high which makes it more risky when transporting dangerous goods 
(Vannieuwenhuyse, 2002). In addition, road haulage has high environmental scores (in 
emissions, noise, land use, etc.) (Vannieuwenhuyse, 2002). 

Rail transportation 

The rail transportation is not a competitive market which leads to raising prices above the 
competitive level (Vannieuwenhuyse, 2002). However, rail transport is feasible for large 
volumes because it is possible to consolidate multiple shipments into one train which makes it a 
cheaper way of transportation compared to road haulage (Vannieuwenhuyse, 2002). Greater 
capacity can be generated by combining multiple traction vehicles (Vannieuwenhuyse, 2002). 
Passenger services have priority because they are subsidized by authorities which greatly 
influences travel times for freight transportation as it limits the accessibility of tracks 
(Vannieuwenhuyse, 2002). The non-interoperability due to for example different rail gauges, 
power systems, etc., leads to longer travel times and increases in the chance of delay 
(Vannieuwenhuyse, 2002). The accident record for rail is low compared to road, which makes it 
feasible to transport dangerous goods (Vannieuwenhuyse, 2002). The emissions for rail 
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transportation are lower compared to trucks, however the amount of difference is dependent on 
how the train is powered (diesel or electric) (Vannieuwenhuyse, 2002). Rail transportation 
always implies trans-loading, which increases the number of material handling operations and 
hence also increase the risk of damage (Vannieuwenhuyse, 2002). 

Rail transportation is inexpensive (especially for long distance movements), relatively slow, and 
quite unreliable. For this reason, mostly raw materials (chemicals, coal, etc.) and low-value 
finished goods (paper, tinned food, etc.) are transported via rail (Ghiani et al., 2004). 

Inland navigation 

Enormous tonnages at relatively low freight rates is the advantage when using water transport 
(Vannieuwenhuyse, 2002). Inland navigation is for example feasible for low value / high volume 
flows of goods which are not critical or perishable (Vannieuwenhuyse, 2002). Compared to a 
truck, the capacity of a barge is large and is usually used to transport bulk or liquids 
(Vannieuwenhuyse, 2002). Transport urgent goods are excluded from inland navigation 
because it is a slow transport service, also because of the need to follow the natural features of 
the waterways. Inland navigation is a quite reliable way of transportation, is also safe which 
makes it feasible to transport dangerous goods, and is environmental friendly 
(Vannieuwenhuyse, 2002).  

Short sea shipping 

Short sea shipping is only feasible when sufficient volumes are available, and mostly only low 
frequencies can be assured. Average travel times are high compared to other transportation 
modes due to the distance that needs to be covered (Vannieuwenhuyse, 2002). Short sea 
shipping is also a quite reliable way of transportation, it is also a safe which makes it feasible to 
transport dangerous goods, and it is environmental friendly. Short sea shipping always implies 
trans-loading which increases the number of material handling, and in turn increases the chance 
of risk of damage.  
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4. MATHEMATICAL MODEL 

In this chapter, an answer on the second sub question of this research will be given: What 
model can be used to simulate decisions of an orchestrator regarding transportation 
flows?  

The transportation flow between the inbound and clustering hubs will be simulated based on a 
hub- and spoke network.  A hub- and spoke network is composed of central locations which act 
as hubs and each non-hub location is assigned to one or more hub(s) (Ishfaq, 2010). In the case 
study that will be simulated, the inbound hubs can be seen as “hubs” and the clustering hubs as 
“spokes”. Each inbound hub is assigned to one or more clustering hubs. In a hub-and-spoke 
logistics network, cost savings are realized due to concentration of flows between the hubs and 
therefore flows between origins and destinations are aggregated (Ishfaq, 2010). This 
concentration of flows creates economies of scale and density. Economies of scales are realized 
through the consolidation of less-than-truckload shipments into containerizes shipments which 
reduce the unit transportation cost. The reduction of these unit transportation costs needs to be 
compared with the extra costs as a result of the higher distance due to shipments needs to pass 
through hubs instead of direct movements of shipments to its destination. The economies of 
density are realized by high load factors for the road/rail/air shipments over fixed distances 
(Ishfaq, 2010). Mathematical models of hub-and spoke networks are often characterized by 
transportation costs, fixed location costs, modal connectivity costs, modal transit times, and 
service time requirements for different type of  transportation modes (e.g. road, rail, and air) 
(Ishfaq, 2010). 

Besides, the transportation flow will be simulated by direct routes and consolidated routes. 
Truck-Load (TL) carriers operate over irregular routes and move from origin to destination 
without any intermediate stops for load consolidation which is recognized as a direct mode 
(Caplice & Sheffi, 2003, pg.112). Consolidated carriers, such as less-than-truckload (LTL) and 
package delivery carriers require the use of terminals and scheduled routes to collect smaller 
shipments and consolidate them into larger loads (Caplice & Sheffi, 2003, pg. 112). The freight 
charged by a less-than-truckload carrier is usually much higher than the cost of a truck-load 
carrier. 

In addition, a distinction can be made between own vehicles and outsourcing transportation by 
involving subcontractors. In this case study, it is assumed that own transportation is not 
possible and hence all order requests are outsourced. Different types of contracts exists: 
payment is calculated on a tour basis using an agreed tariff rate per travel unit and the length of 
the transferred tour, payment is calculated on a daily basis, and payment depends on the service 
of the external carrier and not the usage of its resources (Krajewska & Kopfer, 2009). When 
using own transportation fixed costs and variable costs needs to be taken into account. Variable 
costs depend on the tour length; fixed costs contain amortization costs, taxes, and the payment 
for drivers (Krajewska & Kopfer, 2009). In contrast, outsourcing transportation usually only 
contain variable costs.           

Ghiani et al. (2014) defined a consolidation and dispatching problem in which a producer needs 
to choose the best way of delivering timely a set of orders to its customers over a planning 
horizon made of T days; the producer needs to decide: 

- The best mode of transportation for each shipment; 
- How orders needs to be consolidated; 
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- The features of owned vehicle schedules (start times, intermediate stops (if any), the 
order in which stops are visited, etc). Note that this is also applicable for vehicles that 
are not owned, but outsourced via logistic service providers.  

Each order     is characterized by a destination     , a volume     , a release time 
   (the day in which order k is ready for delivery), and a deadline    (the day within which 
order k must be delivered to   ). Products may be transported by renting ‘one way’ truck trips, 
or by using LTL carriers. In the metro model is made use of different transportation modes, for 
this reason the model designed by Ghiani et al. (2014) needs to be extended with multimodality, 
denoted by variable m as type of transportation mode where     . A rented truck may 
follow any route r of a pre-established set R (Ghiani et al., 2014, pg. 234). With each route     
are associated a set of stops per mode     (visited in a given order), a (fixed) cost per 
transportation mode    , and a capacity per transportation mode     (the maximum volume 
that the vehicle operating route r can carry). The number of travel days needed to deliver order 
k on route r is denoted by            . The common carrier costs for transportation 
mode m and the amount of days it takes per carrier for transportation mode m are denoted by 
    and      respectively.  

The following decision variables exist: 

-                          ; which is a binary variable with a value of 1 if 
order k is assigned to route r starting on day t with using modality m, and with value 0 
otherwise; 

-                     ; which is a binary variable with value of 1 if route r is 
operated on day t with using modality m , and with value 0 otherwise; 

-        ; which is a binary variable with value 1 if order k is transported  by the 
common carrier and transportation mode m, and with value 0 otherwise, with the 
following constraint:          . 

The object function is the total cost paid to transport the orders and can be defined as follows: 

Minimize ∑ ∑ ∑         ∑ ∑             
 
         , subject to: 

- Total volume of the orders cannot exceed the capacity of the vehicle: 
∑                                                       , 

- Each order is assigned to a rented truck or a common carrier: 
∑                                          

, 

-       {   }                   , 
-      {   }                    , 
-     {   }         

In conclusion, the mathematical model covers important characteristics of the metro model: it is 
possible to serve a customer directly or with multiple stops on a route, it is possible to use LTL 
rates and FTL rates, and it is possible to use multiple modes. Besides, a distinction is made 
between fixed transportation costs and variable transportation costs. Fixed transportation costs 
will be applied per container; variable transportation costs will be applied per distance. 
Normally road transportation is needed for intermodal transportation during the first part of 
the route and the last part of the route because not all hubs contain transportation possibilities 
of each mode. However, in this case study inbound and clustering hubs are chosen in the way it 
is possible to use each type of transportation mode. Transferring costs are part of the fixed costs 
for the different mode types.  
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5. CASE STUDY 

In this chapter the case study is described. It gives an answer to the third sub question: What 
will be the input of this simulation? The characteristics of the case study can basically be 
described by four categories: sites, shipments, carriers and fleets. In IBM Transportation Analyst 
parameters needs to be set per category; in the table below an overview of these parameters is 
given:  

Sites Shipments Transportation 

Carriers Fleets 

Site type Source name Costs Carrier 

Location hubs Destination name Speed Starting site type 

Resources hubs Pickup earliest start time Transit matrix Ending site type 

Arrival service time Delivery latest end time Capacity Availability 

Exit service time Weight/Volume/Units Availability Number of vehicles 

Availability Pickup service time (hours) Carbon Emissions Maximum duration 

 Delivery service time (hours)  Maximum stops 

 Earliest costs  

 Lateness costs  
TABLE 3 INPUT PARAMETERS IBM TRANSPORTATION ANALYST 

In IBM Transportation Analyst different site types can be set; namely: warehouse, customer, 
hub, and plant. Information like location and resources of these sites needs to be added.  

SITES 

The locations of the hubs are the same as described in the example metro model given by 
Theeuwen (2013). The following inbound hubs are possible to use: Port of Antwerp, Port of 
Hamburg, Port of Marseille, Port of Tilbury, and Port of Rotterdam. The following clustering 
hubs are defined: Amsterdam, Brussels, Luxembourg, Munchen, Berlin, Hamburg, Bordeaux, 
Marseille, Paris, London, Frankfurt, and Maastricht/Aachen airport. Note that for the 
transportation flow it does not matter whether a hub is an inbound hub or a clustering hub.  The 
hub Maastricht/Aachen airport for instance was categorized as inbound hub in the example 
metro model as given by Theeuwen (2013). In this case study is will be a clustering hub as well.  

Per clustering hub is determined which part of the country it represents. France for example has 
multiple clustering hubs, depended on where the demand exists; a corresponding clustering 
hub is used. This is determined based on the export values recorded by HBAG (2013) who made 
a distinction for these values per part of the country. In Table 4 is shown which clustering hubs 
represent which country and the corresponding percentages. Distributing the demand to these 
clustering hubs ensures that the last mile distribution can be executed within the time limit of 
eight hours. 

When adding the location of the different hubs in IBM Transportation Analyst, a distinction can 
be made in the type of site. To make a distinction between inbound and clustering hubs the site 
type “hubs” are used of the inbound hubs and the site type “customer” is used for the clustering 
hub. 
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Clustering Hub Corresponding demand 
countries 

Percentage of demand of 
country 

Amsterdam NL 100% 

Brussels Belgium 68,46% 

Luxemburg Belgium 31,54% 

München Germany 23,89% 

Berlin Germany 18,98% 

Hamburg Germany 8,82% 

Frankfurt Am Main Germany 9,31% 

Maastricht/Aachen airport Germany 39,01% 

Bordeaux France 16,98% 

Marseille France 23,22% 

Paris France 59,80% 

London United Kingdom 100% 

TABLE 4 DISTRIBUTION DEMAND OVER CLUSTERING HUBS (HBAG, 2013) 

SHIPMENTS 

The important characteristics of shipments are the origin location, destination location, weight, 
amount of units, earliest start time, and delivery latest end time.  

The origin location of the shipments is dependent on which inbound hubs are used. Only 
inbound hubs are used where a sea connection is possible because it is assumed that first mile is 
only executed over sea due to lower costs, enough volumes for gaining economies of scales, and 
negligible quality decrease because of the low temperature during sea transportation. In the 
metro model, inbound hubs can be set “on” and “off” which makes it possible to simulate 
different scenarios where different combinations of inbound hubs are used.  

The Reference scenario will only use the port of Rotterdam as inbound hub because this is 
currently the case most of time. Other scenarios regarding choices of which inbound hubs to use 
are tested as well.   

In “Option 1”, the supply of a sourcing country will be distributed to the inbound hub closest to 
the country where the highest part of the demand is located; hence each sourcing location is 
linked to only one inbound hub. For most of the supply countries, the highest part of the 
demand exists in Germany. Different clustering hubs are used in order to deliver customers in 
Germany: Munchen, Berlin, Hamburg, Frankfurt am Main, and Maastricht/Aachen airport. By 
analyzing the records of the HBAG can be concluded that most of the demand in Germany exists 
close to the Maastricht/Aachen airport. Port of Antwerp is the closest inbound hub to this 
clustering hub and hence most of the supply is transported to the Port of Antwerp. Only for 
Tanzania most part of the demand is located in United Kingdom, the closest inbound hub is Port 
of Tilbury.  

In “Option 2”, the supply will be distributed to the inbound hub closest to the sourcing location, 
hence, again each sourcing location is linked to only one inbound hub (as is the case for “Option 
1”). The distance of the first mile in minimized, however, the distance which needs to be 
covered in the metro model becomes higher. Some shipments cannot be delivered within 24 
hours, for this reason this option is not realistic.   
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In “Option 3”, the supply will be delivered to the inbound hub closest to the customer. Per 
clustering hub is checked which percentage of the demand is logic to cover. HBAG (2013) 
recorded where the demand of the countries is located. Most of the demand in France for 
example is located around Paris, for this reason almost 60% of the demand in France will be 
distributed to the Port of Antwerp which is the closest port to Paris. In this case, supply of a 
sourcing country is delivered towards different inbound hubs. This makes the first mile more 
expensive and complicated. However, the metro model becomes more dynamic and flexible; the 
customer can be more easily served directly due to the lower distance which needs to be 
covered during the metro model compared to the other two options.  

In conclusion, the following inbound hubs are used per option: 

Reference Option 1 Option 2 Option 3 

Port of Rotterdam Port of Antwerp Port of Rotterdam  Port of Rotterdam  

 Port of Tilbury Port of Tilbury Port of Tilbury 

  Port of Marseille Port of Marseille  

   Port of Antwerp 

   Port of Hamburg 
TABLE 5 CHOOSEN INBOUND HUBS PER SCENARIO 

The destination location of the shipments is determined by analyzing the demand. The 
demand is determined based on the export percentages recorded by HBAG (2013) which gives 
an indication how the total turnover of a sourcing country is divided over the different demand 
locations.  These percentages are known for the total distribution of flowers but also per flower 
type. The percentages of the export values of the total distribution of flowers can be found in 
Appendix B.  Furthermore, the amount of products covered by the total turnover is also known. 
The assumption is made that the percentages of the export values are also applicable for the 
amount of products. For this reason, the percentages of the export values (based on the total 
turnover) are multiplied with the amount of products (covered by the total turnover). These 
amounts are transferred into the demand per RTI; in which different steps needs to be taken. 

First needs to be decided whether the flowers needs to be transported on water or can be 
transported dry. The same flowers are used as the example metro model provided by Theeuwen 
(2013). In this case study, only tulips needs to be transported wet and for these tulips barrels 
are used during transportation. For the flowers which can be transported dry, AA boxes are 
used in order to save space. Bouquets are transported in buckets; however, this is only 
important for the last mile distribution because it is assumed that bouquets are made at the 
clustering hubs. Hence, the demand will be expressed in amount of AA boxes and amount of 
barrels. In Table 6, the amount of flowers per AA box or barrel is given.  

The demand for all these different transportation units will be translated in the amount of 
Danish containers which are the transportation units used for export countries. The capacity of 
the different barrel types per Danish Container is given in the Table 7. 

Finally, the demand can be expressed in the amount of 45ft HC containers. In one 45ft HC 
container will fit 43 Danish containers (Expert FloraHolland, 2014). The amount of 45ft HC 
containers will be summed for the different flower types per sourcing country towards the 
different demand countries. The weekly demand pattern is not taken into account due to 
complexity; demand is equally spread over the weeks. This will be captured when testing 
scenarios by increasing the volume of shipments. The daily demand pattern is used in order to 
determine the shipments within a week. The weekly and daily demand patterns can be found in 
Appendix B.  
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The amount of 45ft containers are also transferred to their corresponding weight; which 
contains nine ton per container (van Gogh & Groot, 2012), in order to be able to calculate CO2 
emissions (which are dependent on weight). The earliest pickup time and latest delivery time 
are determined based on the lead time. 

Lead time is determined by the customer as well by the vase life of the flowers. Assumed is that 
a minimum of seven vase days is required at the customer (Expert FloraHolland, 2014). The 
average maximum Time Temperature Sum (TTS) is used to measure the lead time during 
transportation dependent on the quality of flower. “TTS is a measure in some fresh produce 
industries representing the total time that products can be transported in different temperature 
regimes and is for example calculated by the amount of days in a vehicle multiplied by the 
amount of temperature of that vehicle (SteadieSeifi et al., 2014, pg. 5)”. This number needs to be 
equal or smaller than the vase life of that particular order. The TTS differs per product type and 
is furthermore dependent on for example weather conditions (Expert FloraHolland, 2014). It is 
assumed that the quality decrease during transportation is not critical in serving flowers with a 
minimum vase life of seven days. Hence, the lead time is dependent on the wishes of the 
customer. 

CARRIERS 

Different carriers are modeled in order to simulate the performance of the metro model. These 
carriers have different characteristics regarding costs, speed, capacity, CO2 emissions, 
availability and flexibility. A distinction can be made between full truck loads carriers and less 
than full truck carriers. In the latter case loads are often combined. The carriers used in this case 
study are the following: 

- FTL truck: this carrier makes use of road transportation; only direct routes are driven 
because enough loadings are available; trucks are always available when needed; 

- LTL truck: this carrier makes use of road transportation; however different stops can be 
made on one route in order to combine loadings; trucks are always available when 
needed; 

- Train: this carrier makes use of rail transportation; this is a LTL type of carrier because 
different loadings can be combined; this carrier operates according to a fixed schedule; 
this makes it less flexible than a carrier who makes use of trucks; 

Product Products per AA 
box (Theeuwen, 
2013) 

Products per 
barrel (VBN, 
2014) 

Bouquets per 
bucket (Expert 
FloraHolland, 
2014) 

Rosa 370   

Tulip   200  

Chrysanthemum 241   

Gerbera 300   

Fresia 600   

Lelie 150   

Dianthus (Anjer) 600   

Alstoemeria 180   

Ruscus 801   

Pittosporum 600   

Bouquets   2,5 

TABEL 7 AMOUNT OF 
FUST TYPES PER DANISH 
CONTAINERS 

Fust 
type 

 # per 
Danish 
container 

AA 
box 

10 

Barrel 25 

Bucket 40 

TABEL 6 AMOUNT OF PRODUCTS PER AA BOX, BARREL AND BUCKET  
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- Inland vessel (barge): this carrier makes use of barge connections; this is a LTL type of 
carrier because different loadings can be combined; this carrier operates according to a 
fixed schedule; this makes it less flexible than a carrier who makes use of trucks; 

The cost structure of intermodal transportation consists of fixed costs and variable costs which 
depend on the transportation mode. Van Dorsser (2013) defined the following cost items which 
contribute to the cost structure of intermodal transportation: 

- Rent of the container; 
- Value of time of the cargo; 
- Direct road transport by a large truck with a semitrailer; 
- Pre- and end haulage by a truck with a container chassis; 
- Main haulage by rail; 
- Main haulage by inland water transportation (IWT); 
- Terminal transfer road – rail; 
- Terminal transfer road – IWT; 
- Terminal transfer road – road. 

Renting costs are the same for each transportation mode and are equal to €14.3 per container 
per day (van Dorsser, 2013).  

Variable and fixed costs road transportation 

The fixed costs for trucks consist of relocation of the truck, loading and unloading of the 
container, and the driving of the truck from/to the sending company. Fixed costs are calculated 
based on a capacity of one 45ft container. One additional hour of travel time is needed and an 
additional 50 kilometers for the relocation of the truck. Loading and unloading are assumed to 
be taken one hour each (Van Dorsser, 2013). For the pre/end haulage €47.02 per hour and 
€0.28 per km are used (Van Dorsser, 2013).Hence, the fixed costs of using a truck regardless the 
distance or time are equal to: 

[Cost per hour of pre/end haulage * time needed for per/end haulage expressed in hours + cost 
per km for pre/end haulage * km needed for pre/end haulage] * 2 + renting costs 

[(€47.02 * 1) + (€0.28 * 50)] * 2 + €14.3 = €136.34 for each connection when using a truck. 

Costs for direct haulage are equal to €50.36 per hour and €0.28 per km (Van Dorsser, 2013). 
Hence, the variable costs of using a truck are equal to: 

[Distance of the trip expressed in km * cost per km] * 2 + Transportation time expressed in 
hours * cost per hour 

Variable cost and fixed cost rail transportation 

Fixed cost are calculated based on the assumption that on average 26 of the wagons will be 
loaded with a single 45ft container; equal to a utility rate of 80 percent (Van Dorsser, 2013). 
Cost per operational hour are equal to €11.17 per container; cost per km are equal to €0.24 per 
container and cost for transferring containers at the terminal are € 37.86 per container (Van 
Dorsser, 2013). A turnaround time of 4 hours at each terminal needs to be included when 
calculating fixed cost (Van Dorsser, 2013). Hence, fixed costs are calculated as follows: 

[(Turnaround time expressed in hours * operational cost per hour) + cost for transferring 
container] * 2 + renting costs 
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[(4 * €11.17) + € 37.86] * 2 + €14.3 = €179.37 per container when using a rail connections 
regardless the distance and time of transportation. 

A detour factor of 1.2 is applied to the distance for rail transport because in most circumstances 
the alignment of the railway track will be longer than for road transport because the rail 
network is less dense than the road network (Van Dorsser, 2013). Hence, variable costs are 
calculated as follows: 

[Distance expressed in km * Detour factor * cost per km] + [Transportation time expressed in 
hours * cost per hour]   

Variable cost and fixed cost inland vessel 

In order to calculate the fixed cost of using an inland waterway a standard container vessel is 
taken.  

Cost per hour are equal to €1.95 per container; cost per km are equal to €0.06 per container; 
cost for transferring containers at the terminal are equal to €40.17 per container; and a 
turnaround time of 6 hours is assumed per terminal (Van Dorsser, 2013). Hence, fixed costs are 
calculated as follows: 

[(Turnaround time expressed in hours * cost per hour) + cost for transferring containers at the 
terminal] * 2 + renting costs 

[(6 * € 1.95) + € 40.17] * 2 + €14.3 = €118.04 per container for using a barge connection 
regardless distance and time of traveling. 

Again, a detour factor of 1.2 is applied in order to calculate the variable costs. Hence, variable 
costs are calculated as follows: 

[Distance expressed in km * Detour factor * cost per km] + [Transportation time expressed in 
hours * Cost per hour] 

In summary, the following costs and data are used for the different carriers: 

Type of 
Carrier 

Speed 
(km/h) 

gCO2 
emissions 
per ton-
km 

Fixed 
costs per 
45ft 
container 

Costs per 
km per 
45ft 
container 

Costs per 
hour per 
45ft 
container 

Detour 
factor 

Capacity (# 
of 45ft 
containers) 

FTL 
truck 

70 118 €136,34 €0,28 €50,36 1 1 

LTL 
truck 

70 118 €136,34 €0,28 €50,36 1,2 1 

Train 40 40 €179,37 €0,24 €11,17 1,2 26 

Barge 13,5 62 €118,04 €0,06 €1,95 1,2 43 
TABLE 8 INPUT CARRIERS 

It is assumed that enough vehicles are available per type of carrier. For this reason, the capacity 
is not the critical factor in deciding which transportation mode should be used; so the amount of 
containers which can be transported is not limited. Only the capacity of a 45ft Hub container is 
of importance because costs are applied per 45ft Hub container despite of the amount of Danish 
containers transported. 
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A route will take longer when orders of different destinations are combined due to waiting time 
and a less direct route. For this reason a detour factor is also applied on the distance for the 
carrier who uses road transportation for less-than-full truck loadings. In this way a distinction 
can be made between direct and indirect routes. It is assumed that trucks are always available 
when needed; no distinction of availability is made between FTL and LTL trucks. Transition 
matrixes are developed for each mode where speed, detour factors, turnaround time, and 
service time are taken into account.  

The carriers who make use of train, barge or short sea connections operate according to a fixed 
schedule with a particular frequency per week which is simulated by applying time windows 
when a transportation mode is available. Because these transportation modes are not all the 
time available, it makes it a less flexible option.  

FLEETS 

The infrastructure of the metro model consists of rail way roads, inland waterways, and road 
connections. The infrastructure is based on the most common railroads, waterways and short 
sea connections in Europe (see Appendix C). The infrastructure used for the metro model in this 
research is shown in the Figure 10. The infrastructure of road connections is not made visible 
due to the many possibilities. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

All assumptions made for this case study can be found in Appendix A. 

  

FIGURE 10 DESIGN OF METROMODEL EUROPE 
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6. RESULTS 

In this chapter, an overview of which scenarios are executed is given. Besides, results are 
analyzed and insights are given per scenario for different decision criteria. This chapter gives 
answer to the fourth and fifth sub questions of this research: Which conclusions can be made 
based on the output of the simulation for different scenarios? And what are the effects of 
more direct transportation versus the current situation?  

6.1. OVERVIEW SCENARIOS 

Different scenarios are simulated and results are compared to the reference scenario. The 
Reference scenario is designed to be able to compare the performance of the other scenarios. 
Currently in more than 95% of the cases (Expert VGB, 2014) trucks are used for transportation. 
For this reason, only truck modalities are used in the reference scenario. All products firstly 
come to the Netherlands (so only 1 inbound hub is used) like the current situation. Lead time 
will be set at one day. For all scenarios it is assumed that bouquets are made at the clustering 
hubs.  

Below an overview is given of other scenarios that will be tested (blue boxes) and which 
sensitivity analysis will be executed (green boxes). 

Inbound hubs Leadtime Frequencies Connections Objective function VolumeModality

Reference scneario: 
Port of Rotterdam

Option 1: Port of 
Antwerp and Port of 

Tilbury

Option 2: 
minimizing distance 

first mile

Option 3: 
minimizing distance 

metro model. All 
inbound hubs are 

used

24h

48h

72h

7 days/week
All Possible metro 

Lines Between 
inbound and 

clustering hubs

Min costsOnly truck

All modalities

Equally spread over 
the weeks

Changing days

Changing volume

Rail & Truck

Costs

Unit cost per 
container

Decreasing 
frequency

Decreasing metro 
lines

Changing objective 
function

Discount for 
transporting more 

containers

Applying min charge

 

FIGURE 11 OVERVIEW SCENARIOS 

First, effects are analysed when different combinations of inbound hubs are used. Second, what 
happens when lead time increases is tested. Third, the effects of using different transportation 
modes are discussed. This leads to 36 important scenarios, given in Appendix D, which are 
discussed in the upcoming sections. For these scenarios, a frequency of 7 days per week is 
applied when rail and barge connections can be used, all possible connections between inbound 
and clustering hubs are possible to use, in all cases the objective function is to minimize total 
costs while meeting the restriction of maximum lead time, demand is equally spread over the 
weeks, and costs are calculated per container regardless the amount of units the container 
contains.  

For some of the options with a different combination of inbound hubs (“Option 1” & “Option 3”) 
scenarios are also tested for other values of frequency, connections, volume and costs. For these 
“Options” effects are analysed when frequency of rail and barge connections decreases, when 



27 
 

other days are used for the different frequencies, when the amount of metro lines possible to 
use decreases, when volume increases and when other cost structures are used. 

IBM Transportation Analyst minimizes total aggregated costs. The objective function cannot be 
changed. However, lateness costs and costs of CO2 emissions can be made more or less 
dominant which influences the results. For all scenarios the restriction is set that orders cannot 
be delivered after the due date which makes sure that lead time is minimized as much as 
possible. Also CO2 emissions are given for all scenarios which make it possible to compare these 
and give insights in how CO2 emissions can be minimized. 

6.2. COMPARISON INBOUND HUBS 

As explained before, different inbound hubs are used for the scenarios “Reference”, “Option 1”, 
“Option 2”, and “Option 3” as is shown in Figure 12. For the Reference scenario flowers needs to 
be transported via the Port of Rotterdam and afterwards to the different clustering hubs. For 
“Option 1”, flowers are transported to the inbound hub closest to where highest part of the 
demand exists, which is for most sourcing countries the Port of Antwerp. For “Option 2”, flowers 
are transported to the inbound hub closest to the sourcing location. And for “Option 3”, flowers 
are delivered to the inbound hub where the demand exists and hence supply is split up. This 
means that one sourcing location is linked to each possible inbound hub. For the other options, 
a sourcing location is linked to only one inbound hub. Hence, the first mile and transportation 
during the metro model is executed differently for each option.   

All sourcing 
countries

Port of 
Rotterdam

All clustering 
hubs

9 Sourcing 
countries

Tanzania

Port of 
Antwerp

Port of 
Tilbury

All clustering 
hubs

7 Sourcing 
countries

NL

Portugal and 
Spain

Port of 
Tilbury

Port of 
Rotterdam

Port of 
Marseille

All clustering 
hubs

All sourcing 
countries

Port of 
Tilbury

Port of 
Rotterdam

Port of 
Marseille

Port of 
Antwerp

Port of 
Hamburg

All clustering 
hubs

Reference scenario
Option 1

Option 2 Option 3

 

FIGURE 12 DIFFERENT TRANSPORTATION FLOWS PER OPTION 
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The total distance which needs to be covered per scenario depends on which inbound hubs are 
used; this in turn influences the costs. The table below shows the different costs for the different 
options of inbound hubs as defined above when only truck is used as transportation mode. 

Only truck 24h Lead time 48h Lead time 72h Lead time 

Scenario Distance Costs Distance Costs Distance Costs 

Reference 43.712 349.878 28.254 339.627 26.432 334.892 

Option 1 85.592 381.018 51.900 345.382 43.395 335.450 

Option 2 158.273 596.726 109.315 590.520 89.403 569.994 

Option 3 23.347 226.995 14.502 220.250 10.609 217.218 
TABEL 9 DISTANCE AND CORRESPONDING COSTS PER SCENARIO WHEN ONLY TRUCK IS USED 

Table 9 shows that “Option 3” contains the lowest distance which needs to be covered because it 
uses more inbound hubs compared to the other options. For “Option 3” the distance which 
needs to be covered during the metro model is minimized and the network becomes more 
dynamic. However, the cost for the first mile of “Option 3” would be much higher compared to 
the other options because supply needs to be split up; each sourcing location is linked to all 
different inbound hubs. Due to the high distance of the metro model which needs to be covered 
in “Option 2” some shipments cannot be delivered on time in the case of 24 hour lead time 
which makes this scenario less realistic. Costs have increased a lot compared to the other 
options. Below, effects of using more versus less inbound hubs are shown graphically for the 
situations where only truck is used and the lead time is equal to 24 hours.  

 

FIGURE 13 GRAPHICAL OVERVIEW WHEN USING DIFFERENT INBOUND HUBS; LEAD TIME EUQALS 24 
HOURS; ONLY ROAD TRANSPORTATION 

The costs of the reference scenario are higher compared to the costs of “Option 1” although 
more inbound hubs are used in “Option 1”. This is explained because all supply of Tanzania is 
delivered at the Port of Tilbury in “Option 2”, so lots of shipments needs to be transported over 
a longer distance to all clustering hubs. When all supply is delivered to the Port of Rotterdam 
(Reference scenario), only the shipments with destination London needs to be transported over 
a longer distance compared with the situation of “Option 1”.  

CONCLUSION 

In conclusion, the choice of using which inbound hubs is essential due to the corresponding 
costs influences. The amount of inbound hubs used and the way they are used are of importance 
because this can reduce the total distance which needs to be covered enormously. This in turn 
results in a decrease in costs because costs are dependent on distance. “Option 3” results in the 
lowest costs; however, costs during first mile increase a lot because supply needs to be split up. 
For “Option 2”, the costs of the first mile are the lowest; however this scenario is unrealistic 
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because due to the high distance shipments cannot be delivered on time when lead time is 24 
hours; distance and hence costs during the metro model are enormously. 

The best combination of inbound hubs to use is when total transportation costs are minimized; 
the following formula should be applied: 

                           
                                                                               
                                              

Transportation costs during the last mile distribution are for all “Options” the same because all 
clustering hubs are used in the same way. This can also be seen in Figure 13 where the 
clustering hubs are represented by the green dots and are located for all situations at the same 
place. Hence, only the costs during the first mile should be compared with the corresponding 
costs during the metro model (as given in Table 9).  

6.3. COMPARISON MODALITIES 

Because the metro model uses different transportation modes, the effect of using only road 
transportation (as is currently done most) versus using also other transportation modes is an 
important effect to test. Scenarios are tested with only truck connections, with rail and truck 
connections and with all possible connections (truck, train, and barge).  

In Table 10, cost and CO2 reductions are shown when the possibility is given of using also rail 
transportation instead of using only road transportation. CO2 emissions reduce the most when 
lead time is equal to 72 hours. Reduction in costs and CO2 emissions are almost the same when 
lead time equals 48 and 72 hours. Significant reductions in costs and CO2 emissions already 
exist when lead time is equal to 24 hours.  

Scenario 24h Lead time 48h Lead time 72h Lead time 

Costs CO2 Costs CO2 Costs CO2 

Reference 19,28% 35,76% 32,40% 65,37% 32,34% 65,38% 

Option 1 15,29% 31,54% 30,77% 63,87% 31,43% 64,43% 

Option 2 4,35% 6,20% 28,41% 53,48% 32,44% 61,25% 

Option 3 16,05% 35,26% 22,93% 67,64% 22,73% 67,68% 
TABLE 10 REDUCTION IN COSTS AND CO2 EMISSIONS WHEN USING RAIL & TRUCK COMPARED TO ONLY 
USING TRUCK 

In the Table 11, cost and CO2 reductions are shown when the possibility is given of using all 
modalities instead of only using road transportation. 

Scenario 24h Lead time 48h Lead time 72h Lead time 

Costs CO2 Costs CO2 Costs CO2 

Reference 25,34% 33,91% 50,10% 56,74% 54,35% 54,13% 

Option 1 21,46% 29,29% 46,25% 56,72% 52,70% 53,54% 

Option 2 5,34% 6,01% 31,20% 52,25% 36,49% 59,02% 

Option 3 29,69% 0,01% 44,78% 58,02% 49,66% 57,29% 
TABLE 11 REDUCTION IN COSTS AND CO2 EMISSIONS WHEN USING ALL MODALITIES COMPARED TO 
ONLY USING TRUCK 

The results in Table 11 indicate that most of the cost reductions when using multimodal 
transportation can be gained when lead time is equal to 72 hours. However, reductions in costs 
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and CO2 emissions are almost the same when lead time equals 48 hours compared to a lead 
time of 72 hours. Only for “Option 2”, more cost reductions can be gained when lead time is 72h 
instead of 48h because distance is really high. The high distance of “Option 2” also explains the 
high costs when lead time equals 24 hours because relatively low cost reductions can be gained 
in a short amount of time when distance is high because the cheaper modalities are not feasible 
due to their low speed. In this case the more expensive road transportation is more applicable 
because speed becomes more important. 

The results of Table 10 and 11 show that the most savings in CO2 emissions can be gained when 
more rail transportation is used. However, CO2 emissions reduce still a lot when all modalities 
are used compared to only road transportation. When lead time equals 24 hours, costs 
decreases are almost the same when all modalities are used compared to the situation when 
only rail and road transportation are used. However, effects in costs reductions differ a lot when 
all modalities are used compared to the reductions that can be used when only rail and road 
transportation are used for situations with a lead time of 48 and 72 hours.  

CONCLUSION 

In Figure 14, an overview is given about costs and CO2 emissions per scenario for different 
modalities and lead times. Note that the different “Options” are ordered from the lowest 
distance to the highest distance which needs to be covered during the metro model. 

CO2 emissions and costs are almost the same when only road transportation is used for the 
different possible lead times. This is explained because CO2 emissions and costs cannot be 
reduced a lot when only road transportation is used because only the amount of vehicles can be 
reduced by combining orders when lead time increases. Only for “Option 1”, the costs are higher 
when lead time equals to 24 hours  compared to when lead time is equal to 48 or 72 hours.  

 

FIGURE 14 CO2 AND COSTS EFFECTS FOR DIFFERENT SCENARIOS 
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Costs decrease a lot when other modalities are used for situations with a lead time of 48 hours 
and 72 hours because more time is left to use the cheaper but slower modes. However, CO2 
emissions slightly increase when all modalities are used for the situation with a lead time of 72 
hours compared to 48 hours because more barge transportation is used which results in higher 
CO2 emissions. Relevant cost savings and gains in CO2 emissions already can be met by setting 
the lead time at 24 hours. Reduction in costs and CO2 emissions are almost the same when lead 
time equals 48 hours compared to reductions when lead time equals 72 hours.  

In conclusion, when minimizing lead time road transportation should be used because of the 
relatively high speed and other modalities only for short distances. The high speed of a truck 
makes it an applicable mode for rush orders or orders which needs to be transported over a 
longer distance in a short amount of time. When minimizing costs, all modalities should be used 
because barge transportation is the cheapest transportation mode. When the objective is to 
minimize CO2 emissions, rail transportation should be used because it has the lowest CO2 
emissions.  

6.4. SCENARIOS LEAD TIMES 

Three different scenarios regarding lead time are simulated: lead time of 24 hours, 48 hours, 
and 72 hours. In Section 6.3, it was already made visible that an increase in lead time results in a 
decrease in costs because less road transportation is used and more cheaper modalities. In the 
case where only road transportation is used, costs cannot decrease by using cheaper modalities 
but costs decrease because more orders are combined and hence fewer vehicles are needed. In 
this section, more insights are gained in when the particular transportation modes are used. 

First, an overview is given about the percentages of shipments which are delivered per mode for 
the different scenarios when all modalities are used, as can be seen in Table 12. The table shows 
that most shipments are executed by train when lead time equals 48 hours. When lead time is 
equal to 72 hours, most of the shipments are delivered by barge.  

Scenario Distance Costs % Truck % Train % Barge 

Speed   70 km/h 40 km/h 13,5 km/h 

Reference 24h 43.771 261.235 33,33% 44,05% 22,62% 

Reference 48h 39.513 169.474 2,38% 48,81% 48,81% 

Reference 72h 32.119 152.865 2,38% 32,14% 65,48% 

Option 1 24h 87.302 299.256 60,12% 23,81% 16,07% 

Option 1 48h 64.138 185.657 13,69% 54,76% 31,55% 

Option 1 72h 51.625 158.654 16,67% 36,31% 47,02% 

Option 2 24h 159.199 564.854 70,59% 21,01% 8,40% 

Option 2 48h 135.261 406.279 17,96% 64,08% 17,96% 

Option 2 72h 114.540 362.002 10,61% 57,14% 32,24% 

Option 3 24h 30.038 186.280 27,27% 38,96% 33,77% 

Option 3 48h 22.758 138.924 - 40,26% 59,74% 

Option 3 72h 20.833 121.165 - 24,68% 75,32% 
TABLE 12 EFFECTS CHANGING LEAD TIME; FREQUENCY 7; ALL MODALITIES 

Second, to get more insights in what type of shipments are transported by train and what types 
by barge the corresponding distances will be compared. Results are shown in Table 13. 
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 Distance 24h 48h 72h 

Truck Min 700 917 917 

Max 1491 1547 1547 

LTL truck Min 141 326 447 

Max 1153 1650 1241 

Train Min 55,9 55,9 55,9 

Max 566 1398 1547 

Barge Min 42,65 42,65 42,65 

Max 173,9 479 761 
TABLE 13 BOUNDARIES DISTANCES PER MODE AFTER SIMUALTION 

These boundaries are compared to the maximum possible distance per mode for the different 
possible lead times. The detour factors need to be applied on the distance. Furthermore, speed 
and loading time are taken into account. The maximum distances possible per modality are 
shown in Table 14; these are calculated based on the following formula: 

                                                

  
     

            
                                          

The maximum distance a LTL truck can cover for instance when lead time is 24 hours equals to 
(70/1.2)*(24-1-1) = 1283 km. 

Truck LTL truck Train Barge 

24h 48h 72h 24h 48h 72h 24h 48h 72h 24h 48h 72h 

1540 3220 4900 1283 2683 4083 733 1533 2333 247,5 517,5 787,5 
TABLE 14 CALULATED MAXIMUM DISTANCE PER MODE 

As can be seen from Table 14, the maximum distance of barge distance used during simulation 
is the most closest to the calculated limit. This means that speed stays still critical also when 
lead time is 72 hours. The limit for truck is not reached at all for the situation of 48 and 72 hour 
lead time. However, there is some overlap between the distances used during simulation of the 
different modes which indicates that not only speed is of importance when choosing a particular 
mode to gain cost advantages.  

Not only speed but also the utility rate determines which mode should be used. The fixed costs 
per 45ft Hub container makes it cheaper when utility rate of containers is as high as possible 
because than more units can be transported against the same costs. For instance, a shipment 
which can be transported by barge because the distance is low enough is transported by train 
for some situations although transportation costs are normally more expensive for rail 
transportation. In this example, a shipment is transported by rail to increase the utility rate of a 
container which is transported by train anyway. For this reason, there is some overlap in 
minimum and maximum distances of orders for the different transportation modes.  

Orders will be combined to increase the utility rate as much as possible to reduce costs. This 
also explains why costs can decrease by increasing lead time when only road transportation is 
used; shipments are combined which lead to an increase of the utility rates of containers and 
hence less required vehicles as well. The amount of vehicles per scenario is compared to check 
the effects of combining more orders when lead time increases.  
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 24h 48h 72h 

Option Ref 1 2 3 Ref 1 2 3 Ref 1 2 3 

# Vehicles 81 133 188 64 66 98 157 54 56 84 136 46 

% Decrease Vehicles     18,5% 26,3% 16,5% 15,6% 15,2% 14,3% 13,4% 14,81% 

TABLE 15 DECREASES IN AMOUNT OF VEHICLES PER SCENARIO; ALL MODALITIES ARE POSSIBLE TO 
USE 

Table 15 shows a decrease of vehicles when lead time increases. This represents the effect of 
combining orders.  

CONCLUSION 

When lead time increases, more time is left to use the cheaper but slower transportation modes 
and for this reason costs decrease. Most shipments are transported by train when lead time is 
equal to 48 hours and most of the shipments by barge when lead time is equal to 72 hours. Only 
for barge transportation, maximum distance is critical also in the situation of 72 hour lead time. 
For this reason, by increasing lead time even more it is expected that barge transportation will 
be used more and therefore costs reductions will be higher as well. The maximum distance of 
road transportation is not reached at all, which means that the speed of a truck is not critical. 
Not only speed is an important criterion when deciding when to use which mode, also reaching 
the highest utility rate as possible is an important factor. This is explained because costs are 
applied per container regardless of how many units are transported per container. For this 
reason the amount of vehicles decreases when lead time increases because more orders can be 
combined to generate a higher utility rate due to more time that is available for transportation.  

6.5. DIRECT VERSUS INDIRECT TRANSPORTATION  

In order to get more insights in whether orders are transported directly or indirectly the 
percentage of direct flows versus indirect flows are analysed for different scenarios, as can be 
seen in Table 16.  

 24h 48h 72h 

Option 1 3 1 3 1 3 

# Stops 168 77 130 69 107 55 

% Decrease stops   22,6% 10,4% 17,69% 20,29% 

% Direct flow 65,48% 66,23% 54,76% 58,33% 60,71% 64,29% 

% Indirect flow 34,52% 33,77% 45,24% 41,67% 39,29% 35,71% 
TABLE 16 DIRECT FLOWS VS INDIRECT FLOWS PER SCENARIO 

Direct flows decrease when lead time changes from 24 hours to 48 hours. Direct flows increase 
when lead time increases from 48 hours to 72 hours. The amount of direct flows is high when 
lead time is 24 hours because there is not enough time to combine lots of orders; hence more 
direct routes are needed in order to reach the due date. When lead time becomes 48 hours 
enough time is left to combine different orders. Orders are combined in one route when the 
locations of the destinations are close enough to combine these orders in the given time.  In this 
way the amount of vehicles decreases and in turn costs decrease as well. When lead time 
increases to 72 hours, enough orders exists with the same origin and destination location with 
enough overlap in time available for transportation; which is the time between the due date and 
earliest pickup time. Hence, more direct routes with multiple orders can be executed because of 
these similarities.  
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Orders are combined when lead time equals 48 hours when the destinations of these orders are 
close enough to combine on the same route within the restricted time. In Figure 15, an overview 
is given about which rail and barge connections are used to combine orders for different 
options when all modalities are possible to use. Note that all direct routes are not made visible 
in this picture. 

 

FIGURE 15 METROCONNECTIONS FOR DIFFERENT OPTIONS; LEAD TIME OF 48 HOURS; ALL 
MODALITIES ARE POSSIBLE TO USE 

For the reference scenario with a lead time of 48 hours metro lines are used to combine 
shipments on the following routes: 

- Train connection 1: Rotterdam – Luxembourg – Marseille 
- Train connection 2: Rotterdam – Brussels – Paris 
- Barge connection 1: Rotterdam – Brussels – Paris 
- Barge connection 2: Rotterdam – Brussels - Luxembourg 

For “Option 1” with a lead time of 48 hours metro lines are used to combine shipments on the 
following routes: 

- Train connection 1: Tilbury – Hamburg – Berlin 
- Train connection 2: Tilbury – Amsterdam – Berlin 
- Train connection 3: Tilbury – Frankfurt – Munchen 
- Train connection 4: Tilbury – Brussels – Marseille 
- Train connection 5: Tilbury – Paris – Bordeaux 
- Train connection 6: Tilbury – Luxembourg – Munchen 
- Train connection 7: Tilbury – Amsterdam – Hamburg – Berlin 
- Train connection 8: Tilbury – Brussels – Luxembourg 
- Train connection 9: Tilbury – Luxembourg – Frankfurt – Munchen 
- Train connection 10: Tilbury – Brussels – Amsterdam 
- Train connection 11: Tilbury – Maastricht – Luxembourg 
- Train connection 12: Tilbury Brussels - Maastricht 
- Train connection 13: Antwerp – Brussels - Hamburg 
- Train connection 14: Antwerp – Luxembourg – Marseille 
- Barge connection 1: Antwerp –Brussel - Paris 

For the “Option 3” with a lead time of 48 hours metro lines are used to combine shipments on 
the following routes: 

- Train connection 1: Antwerp – Brussels – Paris 
- Barge connection 1: Antwerp – Brussels – Luxembourg 
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- Barge connection 2: Antwerp – Brussels - Paris 

These indirect routes contain shipments with really low volumes. Direct rail and barge 
connections contain shipments with higher volumes. For instance, for “Option 1” lots of indirect 
routes exist from the Port of Tilbury to different clustering hubs because volumes are low. 
However, demand of Paris is high but Paris still exists in several indirect routes. This is 
explained because the demand of Brussel is really low and hence these orders are combined in 
the same route with Paris in order to balance the utility rate.  

For “Option 3” fewer shipments contain low volumes and for this reason less indirect routes 
exist. The routes are more directly because each clustering hub is located to one inbound hub. 
Only connections of indirect routes are needed to the destination Brussels and Luxembourg for 
this option due to their low demand. However, also demand of Bordeaux is low but for “Option 
3” it is not possible to combine other shipments which have partly the same route. The 
clustering hub Bordeaux is served from the Port of Marseille and no other clustering hubs are 
located on this route. Furthermore, barge connections can be used more easily for “Option 3” 
because distances are lower. 

In Figure 16 metro connections are shown which are used to combine orders when lead time is 
equal to 72 hours. 

 

FIGURE 16 METROLINES FOR DIFFERENT OPTIONS; LEAD TIME OF 72 HOURS 

For the reference scenario with a lead time of 72 hours metro lines are used to combine 
shipments on the following routes: 

- Train connection 1: Rotterdam – Bordeaux – Marseille 
- Train connection 2: Rotterdam – Brussels – Paris 
- Train connection 3: Rotterdam – Luxembourg – Marseille 
- Barge connection 1: Rotterdam – Luxembourg – Frankfurt 
- Barge connection 2: Rotterdam – Brussels – Luxembourg 

For the “Option 1” with a lead time of 72 hours metro lines are used to combine shipments on 
the following routes: 

- Train connection 1: Tilbury – Brussels – Maastricht – Marseille 
- Train connection 2: Tilbury – Hamburg – Berlin 
- Train connection 3: Tilbury – Luxembourg – Frankfurt – Munchen 
- Train connection 4: Tilbury – Paris – Bordeaux 
- Train connection 5: Antwerp – Brussels – Marseille 
- Barge connection 1: Tilbury – Brussels – Maastricht – Amsterdam 
- Barge connection 2: Antwerp – Brussel - Paris 
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For the “Option 3” with a lead time of 72 hours metro lines are used to combine shipments on 
the following routes: 

- Barge connection 1: Antwerp – Luxembourg – Frankfurt 
- Barge connection 2: Antwerp – Brussels - Luxembourg 

More rail connections are used to combine orders for the Reference scenario when lead time 
increases from 48 hours to 72 hours. An indirect route is added with destination Bordeaux. 
Shipments to Bordeaux contain low volumes, but the distance between Port of Rotterdam and 
Bordeaux is really high. For this reason this connection is only possible when lead time 
increases to 72 hours.  

For “Option 3” only rail connections are used when lead time equals 48 hours; when lead time 
increases to 72 hours enough time exist to deliver indirect routes only by barge. “Option 3” is 
able to deliver shipments more directly due to the low distances and because shipments already 
are brought to the closest inbound hubs. Therefore more overlap exists in routes because of the 
same destination and hence volumes are higher. Orders which are combined when lead time 
equal 72 hours are only executed for really low volumes. In Table 17, the average distance and 
average amount of units for direct and indirect routes are shown per scenario.  

 24h 48h 72h 

Option 1 3 1 3 1 3 

Average Distance Direct 621 384 536 232 528 
 

266 

Average Amount Direct 1,21 1,32 1,05 0,82 1,26 
 

1,05 

Average Distance Indirect 825 281 950 575 956 
 

465 

Average Amount Indirect 0,37 0,54 0,48 0,87 0,52 
 

0,78 

TABLE 17 CHARACTERISTICS DIRECT VERSUS INDIRECT 

The average distance of direct routes decreases when lead time increases for “Option 1”. For 
“Option 3” the average distance of direct routes is higher when lead time increases from 48 to 
72 hours. This indicates that orders with low volumes are still delivered directly when distance 
is high. Only for “Option 1” this effect is shown clearly because the distance which needs to be 
covered during the metro model is much higher compared to “Option 3”. 

The average distance of indirect routes increases when lead time increases for “Option 1”. For 
“Option 3” the average distance of indirect routes is higher when lead time increases from 48 to 
72 hours. For “Option 1”, more shipments with higher distances can be combined when lead 
time increases.  

The average amount of units during direct transportation decreases when lead time changes 
from 24 hours to 48 hours but increases when lead time changes from 48 hours to 72 hours, for 
both options (distance does not influence the amount). This indicates that when lead time 
becomes 72 hours more units can be combined in direct routes because orders with same 
destinations can be easier consolidated due to higher overlap between the earliest pickup time 
and due date.  

Indirect routes are used to combine shipments and increase the utility rate, direct routes occurs 
when volumes or distances are high. Metro lines of indirect routes consist of locations which 
can be combined into one route within the restricted time. Furthermore, destinations are 
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included where demand is low and they are often combined with destinations where demand is 
high in order to increase the utility rate. Brussels and Luxembourg are the most prevalent in 
combinations of indirect routes because demand is low and their locations are very central and 
hence easy to combine with other destinations on the same route. Bordeaux also is a destination 
with low demand but this location is hard to combine with other destinations on a same route 
because distance is very high and other destinations are not located nearby.  

CONCLUSION 

More orders are combined when lead time increases from 24 hours to 48 hours. Orders with 
partly the same route can be combined which leads to more indirect routes and more stops. 
More direct routes exist when lead time is equal to 24 hours because less time exists for 
combining orders. When lead time is equal to 72 hours more orders are combined but also more 
direct routes exists. More overlap exists in destination and overlap in time between earliest 
pickup time and due date which makes it possible to combine more orders in direct routes. 
Direct routes exist for orders with higher volumes or longer distances. Indirect routes are used 
to combine shipments with low volumes with other shipments in order to increase the utility 
rate. The consolidated routes are based on orders with locations which can be combined within 
the restricted time; often destinations with low demand are combined with destinations with 
high demand.  

6.6. FREQUENCIES 

For all scenarios it is assumed that trucks are always available when needed. This is not the case 
for train and barge transportation which creates less flexibility compared to road 
transportation. The influence of the amount of frequencies for these transportation modes per 
week are for this reason very important to test. A frequency of three days a week will be the 
minimum frequency because of inventory can be hold for maximum three days. It is assumed 
that transportation is not executed more than one time a day and for this reason the upper 
boundary is seven times a week. 

For the train and barge connections scenarios are tested with frequencies between 0 and 7 
times per week. Results are shown in Figure 17.  

 

FIGURE 17 COST EFFECTS FOR DIFFERENT FREQUENCIES; ALL MODALITIES ARE USED 

As can be seen from Figure 17, there is always an improvement when lead time is equal to 24 
hours and frequency increases. This is explained because orders with a due date on another day 
cannot be combined due to the time limit. For this reason, every day a train or barge needs to be 
available to gain the lowest costs; highest relevant cost savings are gained when frequency is 
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equal to 7 when lead time is 24 hours. When lead time equals 48 hours, costs are almost the 
same when frequency increases from 3 to 4 and from 5 to 7 times per week. Hence, relevant 
costs savings can be gained when frequency is equal to 1, 2, 3, and 5; especially in the case when 
distance which needs to be covered is low (“Option 3”). When lead time equals 72 hours, 
relevant cost savings can be gained for frequencies 1, 2 and 3. More orders can be combined 
when lead time equals 72 hours because more overlap in time between earliest pickup time and 
due date exists compared to the other lead time scenarios. For this reason less frequencies of 
rail and barge transportation are needed to generate low costs.  

When lead time is equal to 72 hours, a remarkable result for “Option 3” is that costs are higher 
for frequency 3 and 4 compared to frequency 2 and higher costs exists when frequency is equal 
to 6 compared to 5. This is explained because (unnecessary) more vehicles are used when 
frequency increases. A lower frequency obligates to combine more shipments. For “Option 1”, 
only the costs of a frequency of 7 are higher than a frequency of 6 when lead time equals 72 
hours. These differences per option can be explained because more orders can be combined 
when total distance which needs to be covered is lower as is the case for “Option 3”. Table 18 
and 19 show the percentage of amount of shipments per transportation mode is given for 
frequency 7 and 5 respectively.    

Scenario Distance Costs 
frequency 7 

% Truck % Train % Barge 

Option 1 24h 87.302 299.256 60,12% 23,81% 16,07% 

Option 1 48h 64.138 185.657 13,69% 54,76% 31,55% 

Option 1 72h 51.625 158.654 16,67% 36,31% 47,02% 

Option 3 24h 30.038 159.595 27,27% 38,96% 33,77% 

Option 3 48h 22.758 121.615 - 40,26% 59,74% 

Option 3 72h 20.833 109.344 - 24,68% 75,32% 
TABLE 18 PERCENTAGE OF AMOUNT OF SHIPMENTS PER MODE; FREQUENCY 7 

Scenario Distance Costs 
frequency 5 

% 
Truck 

% Train % Barge 

Option 1 24h 87.079 313.571 69,05% 19,05% 11,90% 

Option 1 48h 60.567 200.701 28,57% 44,64% 26,79% 

Option 1 72h 51.761 158.150 17,86% 38,10% 44,05% 

Option 3 24h 30.040 170.895 44,16% 31,17% 24,68% 

Option 3 48h 21.892 124.242 - 45,45% 54,55% 

Option 3 72h 18.851 112.663 - 27,27% 72,73% 
TABLE 19 PERCENTAGE OF AMOUNT OF SHIPMENTS PER MODE; FREQUENCY 5 

As can been seen from Table 18 and 19, in the case of a 24 hour lead time, more road 
transportation is needed when frequency decreases which explains the higher costs. This shows 
the inflexibility of time windows and frequencies for rail and barge transportation compared to 
road transportation which is more flexible. In contrast, when lead time equals 72 hour, the 
percentage of truck which is used is almost the same for a frequency of 5 and 7. The percentage 
of barge and rail transportation increase when the frequency increases. The increase in the use 
of barge transportation increases even more when lead time equals 72 hours because more 
time is available to transport orders by the cheaper but slower mode. 

CHANGING DAYS 

In Figure 18, the costs are used when using a frequency on days which leads to the lowest costs. 
For a lead time of 24 hours the best days are determined by the days which contain the highest 
demand because orders cannot be combined due to the limited time.  
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For “Option 1”, the following average amount of shipments per day needs to be delivered at the 
customer: 

Day Avg. # Shipments % Reduction in containers 

Saturday 5,28 8,36% 

Friday 3,97 10,48% 

Sunday 2,63 10,26% 

Thursday 2,08 15,37% 

Wednesday 1,95 15,91% 

Monday 1,72 16,66% 

Tuesday 1,66 13,94% 
TABLE 20 AVERAGE AMOUNTS OF SHIPPMENTS PER DAY; OPTION 1 

The same order of days can be found for “Option 3” as well. These days are also in line with the 
days where the highest demand exists based on the daily demand pattern per country. The best 
combination of a frequency of three days per week when lead time equals 24 hours is provided 
by Saturday, Friday, and Sunday. The worst combination of a frequency of three days per week 
when lead time equals 24 hours is provided by Wednesday, Monday, and Tuesday.  

For the lead times equal to 48 hours and 72 hours the amount of containers needed when 
orders are transported individually are compared to the total amount of containers when 
orders can be combined. For example, one shipment contains 4.3 units and another shipment 
contains 0.7 units; hence this results in 6 containers in total when shipments are not combined. 
However, when shipments can be combined only 5 containers are needed. This reduction in 
containers is calculated per day expressed in percentages; see Table 20 for the results. Results 
show that for a lead time of 48 and 72 hours, Monday, Wednesday, and Thursday are the best 
days. Not only is the percentage of possible reduction in containers on a particular day of 
importance. Also, how many shipments with a due date on another day can be combined is of 
importance. Thursday for example generates the highest cost reductions; not only shipments 
with a due date on Thursday can be transported but also shipments with a due date on Friday 
and some of Wednesday. On Sunday fewer shipments with a due date on another day can be 
combined because the upcoming Monday belongs to the next week and only one week is 
simulated; so orders of Monday cannot be combined with orders of Sunday. This makes Sunday 
less flexible than Thursday in the way orders can be combined.   

Frequency 24h 48h & 72h 

1 Saturday Thursday 

2 Friday & Saturday Monday & Thursday 

3 Friday, Saturday & Sunday Monday, Wednesday, & Thursday 

4 Thursday, Friday, Saturday, & Sunday Tuesday, Monday, Wednesday, & Thursday 

5 Wednesday, Thursday Friday, Saturday, & 
Sunday 

Tuesday, Monday, Wednesday, Thursday, & 
Friday 

6 Monday, Wednesday, Thursday, Friday, 
Saturday, & Sunday 

Tuesday, Monday, Wednesday, Thursday, 
Friday, & Sunday 

7 All All 
TABLE 21 CHOSEN DAYS PER OPTION TO REACH LOWEST COSTS 

In Table 21, the days are given which lead to the lowest costs. Changing days may result in huge 
cost differences, as is shown in Table 22. Friday, Saturday, and Sunday is the best option when 
lead time equals 24 hours; however, when lead time equals 48 or 72 hours it is even the worst 
choice. Worst and best cases are compared and it can be concluded that especially in the case of 
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72 hour lead time and a frequency of three days per week the choice of days is the most 
important. In this case costs can differ a lot when choosing other days. Also when distance is 
higher the choice of which days to use becomes more important. For “Option 1” more cost 
advantages can be gained when the best days are chosen compared to “Option 3”; this option 
needs to cover more distance in the metro model. 

 Frequency 3 Frequency 5 

Option 1 Option 3 Option 1 Option 3 

24h 8,38% 11,35% 8,03% 11,15% 

48h 11,10% 13,46% 2,96% 5,21% 

72h 47,01% 37,60% 13,95% 11,14% 
TABLE 22 COST DIFFERENCES WORST CASE AND BEST CASE OF CHOICES OF DAYS 

6.7. CONNECTIONS 

In the scenarios described above, all connections of the train and barge connections between 
inbound and clustering hubs were possible to use. However, metro lines are often based on the 
most common routes. These are determined by analyzing on which possible connections most 
part of the demand exists. Possible connections are reduced into connections where only 
demand exists of more than 4 containers per day.  

For “Option 1” the lines are reduced into the following one:  

- Line 1: Port of Antwerp – Amsterdam 
- Line 2: Port of Antwerp – London 
- Line 3: Port of Antwerp – Maastricht 
- Line 4: Port of Antwerp – Paris 
- Line 5: Port of Antwerp – Munchen 
- Line 6: Port of Antwerp – Berlin 
- Line 7: Port of Tilbury – London 

For “Option 3” the lines are reduced into the following one: 

- Line 1: Port of Rotterdam – Amsterdam 
- Line 2: Port of Rotterdam – Munchen 
- Line 3: Port of Rotterdam – Berlin 
- Line 4: Port of Tilbury – London 
- Line 5: Port of Antwerp – Maastricht 
- Line 6: Port of Antwerp – Paris 

For “Option 1” more lines could be determined where demand is equal or higher than 5 
containers per day because less inbound hubs are used and hence on average more volumes per 
shipment exist. In Figure 18, effects on costs can be analyzed when the amount of metro lines 
increases. 

Relatively highest cost savings can be gained when three different metro connections exist in 
the situation with a lead time of 24 hours. For “Option 1”, costs decreases a lot for each time 
adding more metro lines. In contrast, cost reductions for “Option 3” are relatively low when 
increasing lines from 7 different connections to all possible connections when lead time equals 
48 hours. Because 12 clustering hubs are determined, the maximum amount of lines for “Option 
3” is equal to 12; each clustering hub is located to only one inbound hub. For “Option 1” the 
maximum amount of lines is equal to 24; the two inbound hubs are each linked to all clustering 
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hubs. The maximum amount of possible connections reduce a lot when changing the design 
from “Option 1” to “Option 3”. When 7 lines are set, almost all connections are used for “Option 
3”, which decrease the cost effects of increasing the lines from 7 different connections to all 
possible connections when lead time equals 48 hours. However, when lead time equals 72 
hours, costs decrease a lot when using all lines because much more orders can be combined 
compared. 

 

FIGURE 18 COSTS FOR DIFFERENT LINES PER OPTION 

CONCLUSION 

Important metro lines are based on routes where demand exists of five containers or more per 
day. When lead time equals 24 hours, high cost savings can already be gained with only three 
different connections. For “Option 1”, in the case of 48 and 72 hours lead time, cost decreases 
each time when adding more lines. In contrast, for “Option 3”, cost effects are negligible when 
changing the amount of lines from 7 to all possible connections for the situation with a lead time 
of 48 hours. This is explained because the 7 different lines almost contain the maximum amount 
of possible connections which is 12 for “Option 3”. The maximum amount of connections is 
much lower for “Option 3” because each inbound hub is connected to only one clustering hub. In 
contrast, lots of possible connections exist for “Option 1” because the two inbound hubs are 
each linked to all possible clustering hubs. 

It is important to check which lines are the most important because in practice carriers can 
require for instance yearly contract costs. Decisions need to be made which lines to use to gain 
the highest cost reductions unless the requirement of contract costs. When using more inbound 
hubs, distance decreases and the amount of necessary connections as well which leads to less 
metro lines to use. This can be of advantage when contract costs are very high.  

6.8. ECONOMIES OF SCALES         

In practice it is also possible that a carrier asks for a minimum amount of containers or gives a 
discount when more containers need to be shipped. Situations are simulated where a minimum 
charge per carrier is required. Besides, situations are simulated when a discount is applied if 
more containers are shipped.  

In Table 23, the amount of shipments delivered by each transportation mode is expressed in a 
percentage for the “normal” situation; this is the situation without a discount or applying a 
minimum charge value per carrier. This table will be compared for the situations with a 
discount and for the situation where a minimum charge per carrier is set. 
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APPLYING A MINIMUM CHARGE 

When lead time is 24 hours, the amount of metro lines executed by train or barge reduces if a 
minimum charge per carrier is set into lines where the amount of units per shipment is high (as 
is the case in Section 6.7). Metro lines will not reduce for the situations with lead time of 48 and 
72 hours; they are only used less. In the case of 48 and 72 hours lead time, enough units can be 
combined to generate a value equal or higher to the minimum charge of carriers for each metro 
connection.  

The amount of vehicles needed to deliver the shipments reduces a lot when a minimum charge 
is applied because due to this restriction it is forced to combine orders more, especially when 
lead time is equal to 72 hours. Scenarios are tested for a minimum charge of 1000, 2000, 3000, 
4000, and 5000. Figure 19 shows the costs for the “Options 1 & 3” for different values of 
minimum charge. 

 

FIGURE 19 COSTS FOR DIFFERNET VALUES OF MINIMUM CHARGE PER OPTION 

Min charge 
5000 

# Vehicles Costs % Truck % Train % Barge 

Option 1 24h 122 344.230 84,52% 12,50% 2,98% 

Option 1 48h 75 248.798 63,69% 21,43% 14,88% 

Option 1 72h 61 218.016 60,12% 22,02% 17,86% 

Option 3 24h 64 206.220 76,62% 2,60% 11,69% 

Option 3 48h 40 177.237 33,77% 22,08% 35,06% 

Option 3 72h 32 154.312 24,29% 37,14% 38,57% 

TABLE 24 PERCENTAGES AMOUNT OF SHIPMENTS WHEN MINIMUM CHARGE IS EQUAL TO 5000 

Normal # Vehicles Costs % Truck % Train % Barge 

Option 1 24h 133 299.256 60,12% 23,81% 16,07% 

Option 1 48h 98 185.657 13,69% 54,76% 31,55% 

Option 1 72h 84 158.654 16,67% 36,31% 47,02% 

Option 3 24h 64 186.280 27,27% 38,96% 33,77% 

Option 3 48h 54 138.924 - 40,26% 59,74% 

Option 3 72h 46 121.165 - 24,68% 75,32% 

TABLE 23 PERCENTAGE AMOUNTS OF SHIPMENTS PER MODE; NORMAL SITUATION 
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Costs decrease when the minimum charge of carriers decreases as well. For “Option 3”, costs 
decrease more compared to the cost decrease of “Option 1”. This is explained because without 
minimum charge more shipments could be combined, especially when distance is lower. 

Table 24 gives the percentages of orders transported by each mode. The amount of shipments 
transported by truck increases a lot when a minimum charge is applied, especially for the 
situations with a lead time of 48 and 72 hours. In the “normal” case, more shipments were 
transported by barge than by train; however, in the situation with a minimum charge value of 
5000 per carrier it is the other way around when distance becomes higher (“Option 1”). Rail 
transportation is more flexible in combining orders for longer distances and hence more flexible 
in generating the minimum charge value per carrier compared to barge transportation due to 
the higher corresponding speed of a train. 

APPLYING DISCOUNT 

Scenarios are also tested where a discount is applied when more containers are shipped. For the 
first 5 containers the costs become higher with a factor of 1.2 compared to the situation without 
discount. For shipments from 6 to 10 containers normal costs are set. And for container from 11 
to 15 a discount is given; costs are multiplied by 0.9. Orders need to be combined to generate 
economies of scale. 

From Table 15 can be concluded that the percentage of shipments transported by train has 
slightly increased when lead time equals 72 hours; in contrast, the percentage of shipments 
transported by barge has decreased in this situation. However, costs still are slightly lower 
although slightly more rail transportation is used. Hence, rail transportation is more flexible in 
combining orders because of the higher speed and it can even be a cheaper option when 
economies of scales are reached for a higher distance. Furthermore, the amount of vehicles 
reduces a lot when lead time becomes higher (72 hours) and even more when distance is lower 
(“Option 3”). For “Option 3” costs decreases with 16%, 23% and 19% for the situations with 
lead times of 24, 48, and 72 hours respectively. The discount applied when more containers are 
shipped only has significant effect when distance is low. To generate same effects for situations 
with higher distance, more discount needs to be applied.     

Discount # Vehicles Costs % Truck % Train % Barge 

Option 1 24h 132 297.684 60,12% 24,40% 15,48% 

Option 1 48h 89 185.431 14,88% 54,17% 30,95% 

Option 1 72h 75 155.082 16,07% 40,48% 43,45% 

Option 3 24h 61 156.377 20,00% 42,86% 37,14% 

Option 3 48h 47 106.649 0 24,29% 75,71% 

Option 3 72h 32 97.640 0 22,86% 77,14% 

TABLE 15 PERCENTAGE AMOUNT OF SHIPMENTS WHEN DISCOUNT IS APPLIED 

COMPARISON UTILITY RATES 

In the tables below, utility rates are given for the normal situation, situation with a discount, and 
situation with a minimum charge of 5000 for “Option 1 & 3”. 
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For “Option 1” the utility rate of rail transportation becomes higher when lead time is equal to 
48 and 72 hours when a discount is applied for transportation more containers. For “Option 3” 
the utility rate becomes higher for 24 and 48 hours for both situations; applying a discount and 
applying a minimum charge. The utility rate when applying a minimum charge only becomes 
higher for “Option 3”. The utility rate of barge transportation only becomes higher for “Option 
3” when lead time equals 48 and 72 hours. It can be concluded from these tables that rail 
transportation is much more flexible in combining orders compared to barge transportation. 
Barge transportation can only be used efficient when distance is really low, as is the case for 
“Option 3”.  

CONCLUSION 

Applying a minimum charge per carrier has increased costs because more road transportation 
is needed. When distance is longer, more rail transportation than barge transportation is used 
compared to the situation without minimum charge. Orders can easier be combined by rail 
transportation when distance is longer due to the higher speed. Applying a discount leads to 
less use of road transportation and hence lowers costs.  

 

 

Lead time 24h 48h 72h 

Option 1 Utility 
rate 
Normal 

Utility 
rate 
discount 

Utility 
rate 
Min 
charge 

Utility 
rate 
Normal 

Utility 
rate 
discount 

Utility 
rate 
Min 
charge 

Utility 
rate 
Normal 

Utility 
rate 
discount 

Utility 
rate 
Min 
charge 

Truck 57,0% 53,3% 62,6% 65,4% 89,8% 83,1% 61,1% 94,6%  92,4% 

LTL Truck 32,7% 89,4% 75,4% 54,8% 91,6% 94,9% 61,1% 75,9% 92,2% 

Train 83,1% 58,6% 38,9% 61,3% 79,0% 60,7% 76,3% 89,8% 65,5% 

Barge 91,9% 29,0% 24,8% 92,8% 46,7% 40,0% 87,2% 64,7% 56,4% 

TABLE 26 UTILITY RATES NORMAL SITUATION, DISCOUNT, AND MIN CHARGE; OPTION 1 

TABLE 27 UTILITY RATES NORMAL SITUATION, DISCOUNT, AND MIN CHARGE; OPTION 3 

Lead time 24h 48h 72h 

Option 3 Utility 
rate 
Normal 

Utility 
rate 
discount 

Utility 
rate 
Min 
charge 

Utility 
rate 
Normal 

Utility 
rate 
discount 

Utility 
rate 
Min 
charge 

Utility 
rate 
Normal 

Utility 
rate 
discount 

Utility 
rate 
Min 
charge 

Truck 91,8% 96,0% 89,5% - - 93,8% -  96,7% 

LTL Truck - - 97,8% - - - -   

Train 85,2% 90,0% 95,7% 91,2% 91,8% 94,2% 93,4% 82,6% 94,8% 

Barge 94,7% 87,0% 70,3% 90,2% 91,5% 87,5% 92,8% 95,0% 88,6% 
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6.9. VOLUME 

Volume is partly determined by the sale channel because of the differences in the amount of 
mono bouquets and mixed bouquets. A distinction is made between detail, retail, and e-tail 
scenarios, as given by DaVinc3i. The percentage of mixed bouquets and mono bouquets differ for 
the different scenarios and also for the different demand countries. For the e-tail channel is 
assumed that 80% of the demand consists of mixed bouquets and 20% of the demand consists 
of mono bouquets for each country. Percentage of the detail and retail channel differ per 
country, an overview of these percentages are shown in the figure below.   

 

FIGURE 20 DISTRIBUTION MONO BOUQUETS AND MIXED BOUQUETS (CONSUMENTENPANEL, 2014) 

It is assumed that mixed bouquets consist of 15 flowers and 8 green products (Theeuwen, 
2013). In contrast, mono bouquets just consist of 15 flowers. For this reason, the amount of 
containers increases when mixed bouquets arise. These differences in volumes are negligible 
because green products do not take much space and it is assumed that bouquets are made at the 
clustering hubs. However, to still test effects of more volume a sensitivity analysis is executed 
where volume has increased by 20%.  

INCREASING VOLUME 

In this section effects of the increase in volume are tested, corresponding results are shown in 
the table below. Cost savings can be gained when volume increases in the situation where a 
minimum charge needs to be applied to use a particular carrier. Fixed costs need to be paid 
when the value of units which needs to be transported is below the minimum charge. These 
fixed costs can be divided over more units when volume increases which results in lower costs 
per unit. This is shown in Table 28. 
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 Max lead 
time 

 Costs 100% 
Volume 

Costs 120% 
Volume 

Cost 
decrease per 
container 

Option 1 24h All lines 274,064 316,423 3,79% 

Option 1 24h Min charge 5000 324,497 366,268 5,94% 

Option 1 48h All lines 178,497 208,079 2,86% 

Option 1 48h Min charge 5000 234,308 268,913 4,36% 

Option 1 72h All lines 131,729 155,341 1,73% 

Option 1 72h Min charge 5000 208,683 235,982 5,77% 

Option 3 24h All lines 172,327 212,809 -2,91% 

Option 3 24h Min charge 5000 231,939 275,819 0,90% 

Option 3 48h All lines 132,033 159,534 -0,69% 

Option 3 48h Min charge 5000 186,843 207,183 7,59% 

Option 3 72h All lines 111,681 143,216 -6,86% 

Option 3 72h Min charge 5000 161,039 182,783 5,41% 
TABLE 28 OPTION 1& 3; EFFECTS CHANGING VOLUME 
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7. CONCLUSION AND RECOMMENDATIONS 

The aim of this research is to develop a model that supports decisions of an orchestrator to 
improve the transportation flow in the metro model for the floriculture sector. This is important 
to analyze because several market developments has occurred which stimulate the chain to 
become more efficient and responsive. Customers need to be served more directly which is 
possible by making use of the metro model where several hubs are used which makes the 
network more dynamic. In this section the conclusion is described and an answer is given on the 
following research question:  

How can an orchestrator improve logistics operations in the floricultural supply chain 
using the metro model?  

7.1. CONCLUSION 

The main criteria which are of importance when orchestrating the transportation flow in the 
floricultural supply chain using the metro model are discussed. In Figure 21, an overview is 
given about the decision process of how to orchestrate the transportation flow and on which 
factors this is based. These factors are based on the results of the different simulations and are 
also appointed in the literature as is described in Chapter 3. The phases are not obligated to 
follow in sequence. Improvements are also possible by making use of more transportation 
modes but without changing the way inbound hubs are used for instance.  

 

FIGURE 21 DECISION MAKING PROCESS OF AN ORCHESTAROR INCLUDING ORCHESTRATION CRITERIA 

The amount of inbound hubs used and whether supply is split up during the first mile influences 
costs enormously. A higher distance leads to higher costs because variable costs are dependent 
on distance, the possibility of using cheaper modalities decreases because they are slower, and 
less orders can be combed because this takes more time as well.  

Deciding which transportation mode to use depends strongly on costs and speed. The cheaper 
the mode the slower it is. For this reason, orders needs to be ordered on distance to check which 
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mode will be feasible within restricted time. However, because rates are applied per container 
regardless the amount of units the container contains, it is also important to increase the utility 
rate as much as possible. Increasing the lead time results in more combined orders and hence 
fewer necessary vehicles. More information can be found in Section 6.4. 

Furthermore, the decision of using which mode is dependent on the objective function. More 
rail transportation needs to be used when CO2 emissions needs to be minimized. More road 
transportation needs to be used when lead time needs to be minimized. And more barge 
transportation needs to be used when costs needs to be minimized. 

It is also important for an orchestrator to determine whether orders need to be transported 
directly or via the metro model. Direct transportation is executed the most when lead time 
equals 24 and 72 hours. Orders cannot be easily combined when lead time equals 24 hours due 
to the limited time. When lead time equals 72 hours lots of overlap in time between earliest 
pickup time and due date exists for orders with same origin and destination; hence orders can 
be combined on direct routes. Direct transportation is characterized by orders with high 
volume, orders with low volume but high distance (Port of Rotterdam to Bordeaux in “Option 
1”), or orders with low volume and a destination which cannot easily be combined (Port of 
Marseille to Bordeaux in “Option 3”).     

Indirect transportation is executed the most when lead time equals 48 hours; enough time 
exists to combine orders with destinations on (partly) the same route. Indirect transportation is 
characterized by orders with low volume (Brussels and Luxembourg). Often orders with low 
volumes are combined with orders with a different destination with high volumes. For example, 
routes which start from a particular inbound hub to Brussels (low demand) and Paris (high 
demand). Luxembourg and Brussels are combined the most because they are located centrally 
and both have low demand.  

In all cases, the average amount of units during indirect transportation is lower than for direct 
transportation. And the average amount of units during indirect transportation becomes higher 
when lead time increases. More information can be found in Section 6.5. 

The amount of orders which can be combined and the way this is done also depends on the 
frequency, connections and the cost structure applied. 

When lead time equals 72 hours a frequency of three days per week is sufficient to generate the 
lowest costs. When lead time equals 48 hours an increasing frequency to 1, 2, 3, or 5 days a 
week each time leads to more cost reductions. Increasing frequency from 0 to 7 each time leads 
to more reductions in costs when lead time equals 24 hours. 

How much costs will reduce depends on the days chosen. When lead time equals 24 hours days 
should be chosen where most part of the demand on exists. When lead time equals 48 or 72 
hours the reduction in containers should be calculated when orders are combined on a 
particular day. The days with the highest percentage of reduction in containers are the most 
important ones. Which days are chosen are especially important when lead time equals 72 
hours and frequency is low. More information can be found in Section 6.6. 

The most important connections are determined by connections with highest part of the 
demand. Three different connections already give huge cost reductions. The amount of metro 
connections needed reduce a lot when more inbound hubs are used which makes the network 
more responsive, as is the case for “Option 3”. More information can be found in Section 6.7 

.    
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7.2. RECOMMENDATIONS 

It is recommendable to use different inbound hubs, to use more transportation modes, and to 
increase the lead time to generate the highest cost savings. However, this is the ideal situation 
which takes a long time to implement. For this reason it is better to implement this in different 
phases. 

The combination of different inbound hubs should be chosen in a way that total costs are 
minimized. For this reason costs during the metro model should be compared with costs during 
the first mile. When supply cannot be split up during the first mile inbound hubs needs to be 
chosen which are located centrally. The port of Marseille for instance is located too far away 
from most clustering hubs and hence is not a good option to choose; Berlin cannot even be 
delivered within 24 hours. When supply can be split up (one sourcing location is linked to 
multiple inbound hubs), the more inbound hubs used the lower the distance and hence the 
lower the costs and the quicker orders can be delivered. More information can be found in 
Section 6.2. 

Costs can decrease with 47% when distance during the metro model is minimized by using all 
hubs and splitting up supply (“Option 3”) compared to the reference scenario. This is explained 
because the distance which needs to be covered is much lower. Hence, when lead time needs to 
be minimized it would be recommendable to use all inbound hubs; the network becomes more 
responsive. The network is much more flexible which makes it possible to transport rush orders 
as well. Less connections are needed to serve all clustering hubs which increases the chance of 
more direct transportation. The combination of inbound hubs as given for “Option 3” is 
recommendable to use for the e-tail channel because of a more responsive network. 

Orders of the retail channel can be planned more in advance which results in the possibility of 
using more transportation time and hence distance which needs to be covered can be higher. 
This makes it possible to use probably a cheaper design compared to “Option 3” where all 
inbound hubs are used.   

When lead time is 72 hours it is recommendable to use a frequency of three days per week. 
Increasing frequency to more days per week does not lead to more cost reductions. How much 
costs will reduce depends on the days chosen. When lead time equals 24 hours, a combination 
of days should be chosen with highest part of the demand; which is on Friday, Saturday and 
Sunday. When lead time equals 48 or 72 hours the reduction in containers should be calculated 
when orders are combined on a particular day. The days with the highest percentage of 
reduction in containers are the most important ones; Monday, Wednesday and Thursday. Which 
days are chosen are especially important when lead time equals 72 hours and frequency is low. 
More information can be found in Section 6.6. 

The current situation can already be improved a lot by increasing lead time to 48 hours. For this 
reason it is recommendable to give the customer the option to choose a lead time of 24 hours 
with higher costs and a less environmental friendly way of transportation or 48 hours with 
lower costs and a more environmental friendly way of transportation. In the future, increasing 
the lead time to 72 hours is an option as well. Although costs decrease not that much compared 
to a lead time of 48 hours, the process to steer becomes easier due to the possibility of 
transporting orders on more direct routes. 

The most important metro lines are the connections with highest part of the demand. Already 
three different metro connections ensure that costs decrease significantly. It is recommendable 
to start with the metro connections which will be used the most and expanding these 
connections in the future. More information can be found in Section 6.7. 
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It is concluded that often orders of low volumes are combined with orders of high volumes 
during indirect routes. For this reason it will be recommendable to do the same in practice with 
orders of the e-tail and detail channel; which probably contain lower volumes; and orders of the 
retail channel; which contain higher volumes. 

Data used for the case study is based on assumptions, different neutral sources and export 
values recorded by HBAG (2013). It would be better when the demand for this case study is not 
determined by export values but on real orders to get more reliable results. Furthermore, it 
would be better to use transportation data like speed and costs as it is currently done in practice 
because they can differ from the data given in the neutral sources.  

7.3. FURTHER RESEARCH 

This research gives some insights in how improvements can be gained by adapting the current 
way of orchestrating the transportation flow. Further research into the required time and costs 
in order to get these gains will give more realistic insights. For example, an analysis into the 
startup period of using other inbound hubs, other transportation flows, other modalities, etc. 
would be of relevance. 

Further research needs to be conducted into for example whether the customer is able to wait 
for three days, whether it is possible to hold inventory for three days based on new 
technologies, or whether it is possible make better forecasts of demand.   

Applying other cost structures influence the total costs and how decisions are made. Applying a 
minimum charge per carrier ensures that the amount of vehicles decreases because it is forced 
to combine more orders. However, total costs increase compared to the situation without 
applying a minimum charge because more road transportation needs to be executed. 
Furthermore, more shipments are transported by train than by barge which indicates that rail 
transportation can be more easily used when more orders needs to be combined. Increasing 
volume while applying a minimum charge always decrease costs per container. The utility rate 
of containers transported by rail has increased when a discount is applied for transporting more 
containers. Total costs decrease as well because less road transportation is executed. More 
information can be found in the Section 6.8 and 6.9.  

For this reason it is of relevance to execute further research into which costs structures are the 
most realistic for the floriculture sector. In this research costs are applied per containers.  
Influences should be tested when cost structures are applied on weight or other product 
charateristics. 

This research simulated a case study for one week. More reliable conclusions can be drawn 
when data is used for an entire year. 
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http://intranet/Concernafdelingen/Concernlogistiek/ConcernLogistiekeMiddelen/kwaliteitontwikkelingenbeleid/logistiekemiddelenrolcontainers/Pages/default.aspx
http://www.uic.org/spip.php?rubrique1711
http://www.portofrotterdam.com/en/Port/port-in-general/accessible-port/Pages/hinterland-connections.aspx
http://www.portofrotterdam.com/en/Port/port-in-general/accessible-port/Pages/hinterland-connections.aspx
http://www.crpm.org/pub/agenda/473_jean_trestour_carte_session_2.pdf
http://www.vbn.nl/nl-NL/Productinfo/Pages/Productspecificaties.aspx
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9. APPENDIX 

APPENDIX A LIST OF ASSUMPTIONS 

This appendix gives the list of assumptions and is divided into different categories: general, 
data, case, and metro model. 

General 

- The plant sector is out of scope; only the cut-flower sector is considered in the research; 
- The costs from inbound hubs to clustering hubs are taken into account; 
- Quality and reliability of utilities will have no significant influence on costs; 
- The inventory location is out of scope in this research; 
- Return flows are out of scope in this research; 
- Simulation is done with IBM ILOG Transportation Analyst 2.6. IBM already verified this 

software and the tool gives reliable results; 
- Distances are taken from maps.google.com. When alternatives are available, the shortest 

route has been chosen; 
- The distances among the cities are assumed to be the same whether the transportation 

mode is truck or train or barge (with the last two means of transportation a detour 
factor of 1.2 has been used); 

Data 

- The demand parameters and all the figures used in this research are the same in 2020; 
- The population represents the distribution of the demand of the flowers; 
- The economy is a 24/7, 52 weeks a year economy; 
- The total supply is equal to the total demand of FloraHolland; 
- The supply of Jerez de la Fronterra and Almeria (Spain) is equally distributed; 
- The supply of Napels and Sicily (Italy) is divided in a 1/3 and 2/3 distribution; 
- The supply of Naaldwijk and Aalsmeer is divided in a 40,85% and 59,15% distribution; 
- Each inhabitant of each city purchases the same amount of flowers every year; 
- It is assumed that the demand is equally spread over the weeks. The weekly demand 

pattern is not considered when running the scenarios because on an aggregated level 
these patterns are expected to be close to the mean according to the law of large 
numbers. Besides, the basic design of the network needs to be capable to orchestrate the 
average demand, and for rush orders, late orders or unreliable forecasts road 
transportation can be used (Verweij & Zomer, 2007); 

Case  

- Only ten products are included in the case study; 
- Demand for the different sales channels are divided into the demand of mixed bouquets 

and mono bouquets; 
- It is assumed that the percentages of the export values of the total turnover expressed in 

euros can be equally applied for the total turnover expressed in amounts. In this way the 
export values recorded by HBAG can be used to calculate the demand in amounts; 

- For the e-tail channel is assumed that 80% of the demand consists of mixed bouquets 
and 20% of the demand consists of mono bouquets for each country; 

- Assumed is that a minimum of 7 vase days is required at the customer; 

- A mixed bouquet consists of 15 cut flowers and 8 green products;  
- A mono bouquet consists of 15 cut flowers;  
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- Mixed bouquets can consist out of multiple types of flowers;  
- Mono bouquets consist out of one type of flowers;  
- Green products are 50% Ruscus and 50% Pittosporum; 

Metro model: 

- It is assumed that the following modes can be used: truck, train, inland vessel, and short 
sea vessel. Transportation via air is not considered in the metro design because of the 
relative high costs and the relative short distance over Europe; 

- The inbound and clustering hubs as given in the example metro model provided by 
Theeuwen (2013) are working perfectly; 

- Each country is connected to at least one clustering hub;  
- Clustering hubs are located at the edge of each city;  
- Clustering and inbound hubs have an unlimited capacity;  
- Cost made at clustering and inbound hubs are not taken into account;  
- There are no capacity constrains at the hubs; 
- It is assumed that bouquets are made at the clustering hubs (Tosi, 2014); for this reason 

these costs are out of scope; 
- The assumption is made that truck connections are always available; 
- It is assumed that the first mile is always executed over sea, due to lower costs; 
- It is assumed that 45ft containers are used for all modes of transportation; 
- 43 CC fit in one 45ft container; 
- Consolidation is always possible although other temperature requirements exist per 

flower type; 
- Last mile distribution takes maximum 8 hours; 
- In practice, the temperature at locations and during transportation via trucks contains 5 

degrees (de Vette, 2014). However, the optimal temperature would be equal to 2 
degrees; 

- TTS is not critical for the lead time; 
- Maximum inventory of flowers is 3 days (de Vette, 2014) and the assumption is made 

that no inventory is hold for critical flowers (flowers with a low TTS like tulips); 
- It is assumed that only a tulip needs to be transported on water; 
- In the metro model multimodal transportation exist between inbound hubs and 

clustering hubs; 
- Loading and unloading takes each 1 hour; 
- Products transported on water are transported in 533 packaging; 
- Products transported dry are transported in AA boxes; 
- Ten AA boxes fit in one CC, 25 packaging type 533 fit in one CC; 

Characteristics transportation modes: 

- Renting costs per container for all transportation modes(van Dorsser, 2013) of €14.3; 
- Trucks have a capacity of one 45ft container; have a speed of 70 km/h, CO2 emissions of 

118 g CO2/ ton-km, fixed costs of €136.34 per container (Tosi, 2013), costs per hour for 
direct haulage of € 50.36 (van Dorsser, 2013), costs per km for direct haulage of € 0.28 
(van Dorsser, 2013); hence variable costs are equal to: 

o Distance (km) * 2 [considering back trip] * Cost (per km) + Transportation Time 
(h) * Cost (per h) 

- Fixed costs of a truck cover loading and unloading of a container, the driving of the truck 
from/to the sending company and the relocation of it;  

- Relocation of the truck requires 50 additional kilometers and 1 h of additional travel 
time; additional travel time is equal to €47.02 per hour during pre and back haulage; 
costs per km equal to 0,28; hence fixed costs are equal to: 
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o (47.02*1 [hour for relocation]+0.28*50 [km for relocation])*2 [pre and end 
haulage]+ renting cost 

- Truck are always available when needed; 
- The distance for rail transportation and barge transportation is multiplied with a detour 

factor of 1.2 because they can drive less direct than a truck; 
- Rail transportation have usually a capacity of 80 TEUs, a speed of 40 km/h, CO2 

emissions of 40 g CO2/ ton-km, fixed costs of € 179.37 per container (Tosi, 2014), cost 
per operational hour of € 11.17 per hour per container, cost per km of € 0.24 per km per 
container; hence variable cost are equal to: 

o Distance (km) * Detour factor (1.2) * Cost (per km) + Transportation Time (h) * 
Cost (per h) 

- Fixed costs of rail transportation cover the turnaround time at each terminal (loading, 
unloading, and other operations) and transferring costs; turnaround time is equal to 4 
hours at each terminal; cost for transferring containers at the terminal are € 37.86 per 
container; hence fixed costs are equal to: 

o Turnaround time * 2 * operational cost per hour + cost for terminal transfer * 2 + 
renting costs 

- Rail transportation is not always available; time windows are applied and the frequency 
is equal to one time a day; 

- It is assumed that only on type of vessel is used for barge transportation, the standard 
container vessel with the following dimensions: length of 110 meters, width of 11.40 
meters, and draught of 3.00 meters;  

- Barge transportation has a capacity of 200 TEU containers, speed of 13,5, CO2 emissions 
of 62g CO2/ ton-km, fixed cost of € 118.04 per container (Tosi, 2014), cost per hour of € 
1.95 per hour per container, cost per km of € 0.06 per container; hence variable costs 
are equal to: 

o Distance (km) * Detour factor (1.2) * Cost (per km) + Transportation Time (h) * 
Cost (per h) 

- Fixed cost of barge transportation include turnaround time and transferring containers 
at the terminal; turnaround time is equal to 6 hours per terminal (Garratt, 2012); cost 
for transferring containers at the terminal are equal to€ 40.17 per container (van 
Dorsser, 2013); hence fixed cost are equal to: 

o Turnaround time * 2 * cost per hour  +  terminal transfer costs *2 + renting costs 
- Transportation via barge is not always available; time windows are applied and the 

frequency is equal to 1 time a day; 
- It is assumed that only one type of vessel is used for short sea transportation, the 340 

TEU container vessel, with the following dimensions: length overall 100 meters and 
draught 4.88 meters;  

- Short sea transportation has a capacity of 340 TEU, speed of 33,3, CO2 emissions of 42g 
CO2/ ton-km, fixed cost of € 118.04 per container (Tosi, 2014), and direct haul costs of 
€0,976 per km per container (BVB, 2014); 

- Fixed costs for short sea are assumed to be equal to fixed costs of barge; 
- Short sea transportation is not always available; time windows are applied and a 

frequency of 1 time a day is taken; 
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APPENDIX B DEMAND PATTERN 

Total            

Percentages of 

export values 

           

 Colombia Ecuador Ethiopië Israël Italië Kenia Portugal Spanje Tanzania Aalsmeer Naaldwijk 

 2013 2013 2013 2013 2013 2013 2013 2013 2013 2013 2013 

Duitsland 27,% 29,% 46,% 30,% 30,% 31,% 36,% 30,% 18,% 27,% 24,% 

Ver. Koninkrijk 18,% 14,% 16,% 17,% 17,% 14,% 12,% 22,% 37,% 18,% 20,% 

Frankrijk 13,% 14,% 11,% 13,% 18,% 15,% 17,% 13,% 9,% 12,% 13,% 

Italie 6,% 8,% 4,% 5,% 5,% 6,% 4,% 5,% 3,% 6,% 6,% 

Belgie 3,% 4,% 2,% 4,% 5,% 3,% 4,% 4,% 3,% 3,% 3,% 

Rusland 7,% 7,% 4,% 5,% 4,% 6,% 3,% 5,% 10,% 9,% 9,% 

Ver. Staten 2,% 1,% 1,% 2,% 1,% 1,% 1,% 1,% 2,% 2,% 2,% 

Zwitserland 3,% 4,% 2,% 4,% 4,% 3,% 9,% 3,% 3,% 4,% 3,% 

Denemarken 2,% 2,% 2,% 3,% 3,% 3,% 3,% 3,% 2,% 3,% 2,% 

Oostenrijk 5,% 4,% 2,% 2,% 2,% 3,% 2,% 2,% 1,% 2,% 2,% 

Polen 3,% 3,% 2,% 3,% 3,% 3,% 2,% 2,% 3,% 3,% 3,% 

Zweden 2,% 2,% 2,% 2,% 1,% 1,% 2,% 2,% 2,% 2,% 2,% 

Spanje 1,% 1,% 1,% 1,% 1,% 2,% 1,% 1,% 1,% 2,% 2,% 

Ierland 1,% 0,% 1,% 1,% 0,% 1,% 0,% 1,% 0,% 1,% 1,% 

Tsjechie 1,% 2,% 1,% 2,% 2,% 2,% 1,% 1,% 1,% 1,% 1,% 

Noorwegen 1,% 0,% 1,% 1,% 0,% 1,% 0,% 1,% 1,% 1,% 1,% 

Griekenland 1,% 1,% 0,% 0,% 0,% 0,% 0,% 0,% 0,% 0,% 0,% 

Portugal 1,% 1,% 0,% 1,% 1,% 1,% 0,% 1,% 0,% 1,% 1,% 

Hongarije 1,% 1,% 0,% 0,% 1,% 1,% 0,% 1,% 0,% 1,% 1,% 

Oekraine 0,% 0,% 0,% 0,% 0,% 1,% 0,% 0,% 0,% 0,% 0,% 

Overige 3,% 3,% 2,% 3,% 2,% 3,% 2,% 3,% 4,% 4,% 4,% 

Aandeel dat in 

Nederland blijft 

11,% 10,% 11,% 16,% 28,% 16,% 15,% 15,% 13,% 13,% 13,% 

 111,% 110,% 111,% 116,% 128,% 116,% 115,% 115,% 113,% 113,% 113,% 

TABLE 29 EXPORT VALUES EXPRESSED IN PERCENTAGES OVER EXPORT COUNTRIES (HBAG, 
2013)  
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TABLE 30 WEEKLY DEMAND PATTERN (THEEUWEN, 2013) 

Average flower

Week number Snijbloemen Rosa Tulipa

Chrysanthemum 

Ind Grp TR Gerbera Freesia Lilium Dianthus Alstroemeria Average Plants

1 1,88% 1,73% 3,45% 1,57% 1,34% 1,38% 1,45% 1,54% 1,53% 1,93%

2 1,82% 1,54% 3,94% 1,34% 1,10% 1,11% 1,28% 1,70% 1,16% 1,85%

3 2,02% 1,62% 4,58% 1,46% 1,27% 1,33% 1,47% 1,42% 1,17% 2,04%

4 2,06% 1,75% 4,48% 1,42% 1,33% 1,43% 1,40% 1,58% 1,22% 2,10%

5 2,44% 2,09% 5,22% 1,70% 1,49% 1,73% 1,73% 2,07% 1,32% 2,47%

6 2,78% 2,56% 6,08% 1,61% 1,86% 1,93% 1,82% 2,30% 1,53% 2,93%

7 2,11% 1,52% 5,02% 1,49% 1,35% 1,64% 1,44% 1,18% 1,43% 2,10%

8 2,52% 1,70% 6,17% 1,93% 1,56% 2,12% 1,68% 2,50% 1,61% 2,52%

9 2,64% 1,85% 6,23% 1,99% 1,91% 2,30% 1,73% 2,58% 1,89% 2,68%

10 2,67% 1,94% 6,14% 2,08% 2,19% 2,53% 1,97% 2,36% 1,96% 2,77%

11 2,53% 1,90% 6,10% 1,54% 2,00% 2,27% 1,66% 2,12% 1,86% 2,66%

12 2,76% 2,07% 6,58% 1,79% 2,16% 2,98% 1,64% 2,12% 1,96% 2,89%

13 2,86% 2,06% 6,84% 1,93% 2,37% 3,25% 1,66% 2,17% 2,06% 2,99%

14 2,73% 2,23% 5,83% 2,09% 2,46% 3,09% 1,89% 2,40% 2,31% 2,94%

15 2,43% 2,07% 4,75% 1,89% 2,40% 2,88% 1,67% 2,36% 2,24% 2,63%

16 2,01% 1,41% 3,71% 2,11% 2,54% 2,82% 1,70% 2,03% 2,36% 2,16%

17 2,30% 2,23% 2,56% 2,34% 2,57% 3,21% 1,87% 3,02% 2,64% 2,41%

18 2,36% 2,67% 1,50% 2,37% 2,55% 3,04% 1,91% 3,10% 2,68% 2,43%

19 1,75% 1,95% 0,67% 2,12% 2,06% 2,18% 1,54% 2,36% 2,23% 1,77%

20 2,04% 2,19% 0,53% 2,56% 2,75% 2,59% 2,16% 2,57% 2,83% 2,06%

21 2,42% 2,66% 0,48% 2,77% 3,30% 3,28% 2,67% 3,17% 3,59% 2,46%

22 1,89% 2,07% 0,28% 2,21% 2,47% 2,26% 2,04% 2,48% 2,64% 1,87%

23 1,86% 2,04% 0,22% 1,98% 2,32% 2,47% 2,13% 2,49% 2,54% 1,81%

24 1,77% 1,87% 0,20% 2,00% 2,14% 2,21% 2,10% 2,37% 2,62% 1,69%

25 1,81% 1,98% 0,08% 2,12% 2,21% 2,18% 2,09% 2,23% 2,53% 1,73%

26 1,72% 1,82% 0,04% 1,97% 2,33% 2,28% 2,37% 1,96% 2,51% 1,66%

27 1,63% 1,72% 0,03% 1,91% 2,11% 2,01% 2,15% 2,10% 2,37% 1,55%

28 1,50% 1,61% 0,02% 1,74% 1,93% 1,76% 2,29% 1,93% 2,04% 1,44%

29 1,52% 1,63% 0,01% 1,89% 1,98% 1,66% 2,26% 2,06% 2,16% 1,46%

30 1,59% 1,70% 0,02% 1,94% 2,08% 1,60% 2,53% 1,59% 2,18% 1,51%

31 1,57% 1,66% 0,02% 2,09% 2,04% 1,56% 2,08% 1,53% 2,09% 1,48%

32 1,62% 1,78% 0,01% 2,02% 1,96% 1,59% 2,04% 1,56% 2,11% 1,52%

33 1,67% 1,84% 0,01% 2,20% 1,90% 1,73% 2,20% 1,68% 1,91% 1,55%

34 1,76% 1,86% 0,02% 2,41% 2,07% 1,97% 2,38% 1,84% 2,01% 1,62%

35 1,65% 1,71% 0,02% 2,32% 1,86% 1,53% 2,20% 1,90% 1,89% 1,49%

36 1,67% 1,80% 0,03% 2,30% 1,88% 1,51% 2,20% 1,89% 1,86% 1,53%

37 1,71% 1,87% 0,08% 2,16% 1,96% 1,68% 2,19% 1,79% 2,04% 1,59%

38 1,67% 1,85% 0,09% 2,13% 1,93% 1,59% 2,07% 2,13% 2,04% 1,58%

39 1,68% 1,95% 0,13% 2,01% 1,95% 1,58% 2,23% 2,02% 1,98% 1,63%

40 1,76% 2,10% 0,22% 1,99% 2,09% 1,94% 2,43% 1,85% 2,03% 1,75%

41 1,71% 2,03% 0,28% 2,00% 2,04% 1,77% 2,29% 1,81% 1,93% 1,70%

42 1,72% 2,11% 0,28% 2,05% 1,88% 1,63% 2,29% 1,49% 1,66% 1,70%

43 1,75% 2,18% 0,31% 2,11% 1,91% 1,54% 2,16% 1,58% 1,80% 1,74%

44 1,57% 1,99% 0,42% 1,74% 1,71% 1,57% 1,96% 1,57% 1,50% 1,61%

45 1,62% 2,07% 0,49% 1,78% 1,64% 1,55% 2,02% 1,30% 1,58% 1,64%

46 1,58% 1,99% 0,55% 1,73% 1,57% 1,34% 1,84% 1,34% 1,51% 1,58%

47 1,60% 2,10% 0,49% 1,72% 1,58% 1,17% 1,68% 1,42% 1,37% 1,61%

48 1,34% 1,72% 0,50% 1,40% 1,11% 0,91% 1,34% 1,20% 1,00% 1,30%

49 1,38% 1,71% 0,58% 1,42% 1,07% 0,91% 1,41% 1,07% 1,02% 1,30%

50 1,71% 1,99% 0,95% 1,88% 1,35% 1,19% 1,95% 1,08% 1,29% 1,61%

51 1,51% 1,81% 1,40% 1,49% 1,25% 1,11% 1,39% 1,18% 1,08% 1,54%

52 1,34% 1,71% 1,42% 1,19% 1,10% 1,09% 1,36% 0,94% 1,09% 1,45%

100,00% 100,00% 100,00% 100,00% 100,00% 100,00% 100,00% 100,00% 100,00% 100,00%
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TABLE 31 DAILY DEMAND PATTERN (THEEWEN, 2013) 

  

Demand pattern The Netherlands Belgium (+Lux) Germany France United Kingdom

Monday 6,50% 7,00% 10,50% 7,00% 9,40%

Tuesday 8,00% 5,00% 9,50% 6,50% 9,35%

Wednesday 8,50% 9,50% 11,00% 7,50% 11,35%

Thursday 12,00% 11,00% 11,00% 8,00% 11,35%

Friday 22,00% 17,00% 24,00% 14,00% 18,85%

Saturday 39,50% 29,50% 23,50% 29,50% 24,35%

Sunday 3,50% 21,00% 10,50% 27,50% 15,35%

100,00% 100,00% 100,00% 100,00% 100,00%
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APPENDIX C INFRASTRUCTURE METROMODEL 

FREIGHT RAIL CONNECTIONS EUROPE 

The European Commission (2013) used the corridor approach to determine which corridors 
will be potential options. “The Corridors will provide the basis for modal integration, 
interoperability and coordinated development and management of infrastructure” (European 
Commission, 2013, pg.4). “The Corridors will allow investments and infrastructure works to be 
synchronized and support efficient, innovative and multimodal transport services – including 
rail services over medium and long distances – to implement the most complicated sections, 
interoperability and operational rules” (European Commission, 2013, pg. 4). Rail Net Europe 
implemented different rail freight corridors: 

 

FIGURE 22 RAIL FREIGHT CORRIDORS (RFCS) HTTP://WWW.RNE.EU/RAIL-FREIGHT-CORRIDORS-
RFCS.HTML 

 

 

 

 

 

 

http://www.rne.eu/rail-freight-corridors-rfcs.html
http://www.rne.eu/rail-freight-corridors-rfcs.html
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SHORT SEA CONNECTIONS 

 

FIGURE 23 SHORT SEA CONNECTIONS EUROPE 

INLAND WATERWAYS EUROPE 

Below the blue road map is shown and the most used waterways in Europe for inland vessel.  

 

FIGURE 24 WATERWAYS CONNECTIONS EUROPE (BVB, 2014) 
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FIGURE 25 IMPORTANT BARGE FLOWS EUROPE (BVB, 2014) 
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APPENDIX D SCENARIOS 

Scenario Inbound hubs Lead time Modality Changing parameter 

1 Reference 24h Only truck Combination of Inbound hubs 

2 Option 1 24h Only truck Combination of Inbound hubs 

3 Option 2 24h Only truck Combination of Inbound hubs 

4 Option 3 24h Only truck Combination of Inbound hubs 

5 Reference 48h Only truck Changing lead time 

6 Option 1 48h Only truck Changing lead time 

7 Option 2 48h Only truck Changing lead time 

8 Option 3 48h Only truck Changing lead time 

9 Reference 72h Only truck Changing lead time 

10 Option 1 72h Only truck Changing lead time 

11 Option 2 72h Only truck Changing lead time 

12 Option 3 72h Only truck Changing lead time 

13 Reference 24h Rail & Truck Changing mode 

14 Option 1 24h Rail & Truck Changing mode 

15 Option 2 24h Rail & Truck Changing mode 

16 Option 3 24h Rail & Truck Changing mode 

17 Reference 48h Rail & Truck Changing mode 

18 Option 1 48h Rail & Truck Changing mode 

19 Option 2 48h Rail & Truck Changing mode 

20 Option 3 48h Rail & Truck Changing mode 

21 Reference 72h Rail & Truck Changing mode 

22 Option 1 72h Rail & Truck Changing mode 

23 Option 2 72h Rail & Truck Changing mode 

24 Option 3 72h Rail & Truck Changing mode 

25 Reference 24h All modes Changing mode 

26 Option 1 24h All modes Changing mode 

27 Option 2 24h All modes Changing mode 

28 Option 3 24h All modes Changing mode 

29 Reference 48h All modes Changing mode 

30 Option 1 48h All modes Changing mode 

31 Option 2 48h All modes Changing mode 

32 Option 3 48h All modes Changing mode 

33 Reference 72h All modes Changing mode 

34 Option 1 72h All modes Changing mode 

35 Option 2 72h All modes Changing mode 

36 Option 3 72h All modes Changing mode 
TABLE 32 DIFFERENT SCENARIOS WHICH ARE SIMULATED 

 


