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A Limitations of previous analyses of KLM Cargo 

Some elements of the integration were studied by KLM Cargo itself in the past years. The results 
of these analyses have not convinced KLM Cargo's management. The results still incorporate too 
much uncertainty, because none of the calculations have been able to incorporate all the different 
aspects of the integrated process to their full extend. The reasons for this are: 

• Some decisions regarding the organization of the processes are not yet made. There are still 
challenges for future operation which has to be dealt with (6.5.3). 

• The effects of the new processes for the integrated operations were not yet incorporated in 
previous calculations (6.5.2). These calculations were restricted to existing operations and did 
not consider new processes. 

• Different potential botdeneck locations have been looked at individually, without taking the 
dependencies between them into account. 

• Previous calculations were primarily to determine if the capacity of the infrastructural works 
in FBI (e.g. conveyor belts and pallet breakdown areas) would be sufficient in the new 
situation. Calculations were focused on retrieving infrastructural constraints, rather than 
determining the future possible performance of the system. This did not give due weight to 
the importance of the performance of the combined operations. 

• The final conveyor belt layout differs significantly from the assumed layout used for previous 
calculations. 
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B Airline industry supply chain analysis 

The composition of the airline industry has been changing during the last decade, liberalization 
and deregulation has increased competition, which forced down the profit margins. The low 
profit margins, together with the capital-intensive and demand-sensitive character of the airline 
industry, make it hard to survive in the airline business. As a result a wave of consolidations has 
gone through the airline industry (KLM, 2007). 
International transport of cargo by air is a complex business: it will involve many firms, different 
languages, time differences, strict and location specific regulation, different economic systems and 
cultures. This will require intense coordination of the physical flow of goods and the virtual flow 
of information. In this sub-paragraph the supply chain of the air cargo industry will be described, 
making the difference between the traditional supply chain and the more often observed supply 
chain of the integrators. This will be followed by an introduction of most important development 
in the relevant regulations. 

B.l Traditional supply chain 
The traditional air cargo supply chain will exists out of the shipper, forwarder, airline and 
consignee (Figure 45). Five different intermediaries are involved to send a shipment from its 
origin, the shipper, to the destination, the consignee. The exporting shipper will contract a 
forwarder, who manages most aspects of the transport. 
The traditional forwarder plays a mediating role between a shipper and the airline, the function of 
forwarder is based on coordination and the exchange of information. The forwarder will book 
capacity on flights of a carrier. This is often performed in advance with long-term contracts; in 
that case the forwarder can bundle the demand of different shippers and improve its bargaining 
position towards the airlines. Sometimes reservation of capacity will be done on ad hoc basis, 
depending on the demand for freight capacity. 
The forwarder also has to organize the required handling and transport to take the shipment 
from the shipper to the airline. This wiU involve the organization of trucking, warehousing and 
airport ground handling in most cases. 
Airlines will transport most cargo in the holds of scheduled passenger flights, some airlines will 
operate full-freighters for air cargo besides their passenger flights and some airlines wül only 
transport cargo. Cargo on passenger flights can be transported in the belly of the aircraft or on 
the upper deck, in this case the airline has substituted passenger chairs for extra cargo capacity, 
these aircraft are called combination aircrafts. 
After arrival on the airport of destination the forwarder will organize the transport and handling 
required to get the shipment at the consignee. 
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Figure 45: the traditional air cargo system (Schwarz, 2005) 

Regulation 

The airline industry is one of the more heavily regulated sectors of the global economy (Schwarz, 
2005). 7\ir traffic is regulated through bilateral air service agreements between individual 
countries, this negotiated agreements often determined everything between tariffs to capacity. 
These agreements were in most cases negotiated from the perspective of passenger transport. 
The regulations often prevented foreign airlines from operating domestic flights within other 
countries, and operations between third countries was also often restricted. Additional foreign-
ownership limitations prevented foreign companies to gain a controlling interest in an airline of 
another country or starting a new airline there (Schwarz, 2005). This reduced the competition 
between airliners in the past; each carrier was in a way protected from competition of foreign 
carriers on their home ground. 
Air carriers may not be allowed to perform activities at ground level related to cargo transport in 
other countries; this is often restricted to particular firms or the airport authority. These 
regulations prevented air carriers to enter this related markets. Besides these protective 
regulations only locally owned firms may be allowed to clear cargo through customs. 

In the past decades liberalization took place in the airline industry. Within the EU the restrictions 
have been gradually been removed until the complete abolishment in 1997 (OECD, 2001). On 
the intercontinental routes restrictions remained in place for a longer period. Bilateral 'Open-
Skies' agreements were made between individual countries, which removed capacity and price 
restrictions. This resulted in a situation that some European countries could fly to the USA 
without restrictions where other could not. This has been ruled illegal by the European court of 
Justice in 2002, because it caused unequal competition between European airlines. 
Regulatory restrictions slowed down the global consolidations of the air cargo industry. The 
regulations wül influence the pattern of air cargo flows and the position of individual firms 
(Schwarz, 2005). Liberalization should level the playing field in the air cargo industry. 

8.2 Consolidation in the Supply Chain 
In the last decade consolidation occurred in the air cargo industry on three levels: between 
forwarders, between airlines and by companies which vertically integrated all activities in the 
supply chain. 
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In the past the forwarding industry was highly fragmented. Recentiy large international 
forwarders have emerged, which are expanding their market share fast. This is done by entering 
the market for the physical transportation of cargo instead of remaining a coordinating non-asset 
firm. Besides that the forwarders are taking over the transport activities they are also extending 
their services and are offering other value-added services to customers (e.g. warehousing. 
The number of real mergers between airlines is limited because the extensive legislation is often 
preventing this. Nevertheless airlines were looking for market consolidation, this resulted in 
alliances between airlines, close cooperation of airlines without merging. These alliances can be 
focused on passenger transport (e.g. SkyTeam, Star Alliance, and OneWorld) or on cargo only 
(e.g. W O W cargo alliance) 

Nevertheless the largest challenge for the existing parties in the traditional supply chain came 
from the 'integrators'. These companies are vertically integrating the whole supply chain and offer 
door-to-door transport by one company. The integrators pursued innovative strategies for 
infrastructure, product and information technologies. They focus on high value business 
documents or parcels, enabling standardized packaging, simplified pricing and documentation. 
Their technology strategy developed tracking and tracing technologies and internal information 
systems for monitoring system-wide performance (Forster and Regan, 2001). The integrators take 
over fimctions of forwarders, ground handlers and the airlines. In this way they provide the 
physical transport, all coordination and information flows. In some cases they encounter 
regulations which force them to outsource activities to other (local) parties, but they strive 
towards control over the whole supply chain (Figure 46). 

Ground service provider 
(trucking, warehousing, • -
airport ground handling) 

Consignee 

Goods flow 
(physical flow) 

Information flow 
(virtual space) 

Figure 46: The supply chain with integrator (Schwarz, 2005) 

At the start these companies realized strong growth of market share in the market for parcel and 
express shipments; recentiy they tend to focus more on general air cargo as well. The strong 
growth of these integrators took place simultaneously with the increase of outsourcing of logistics 
by manufacturers to third parties. The integrators can achieve economies of scale by bundling 
flows of cargo, but at the same time integrators are competing with a lot of different players, 
because they offer services in various areas (Schwarz, 2005) and it comes at a high cost, asset 
specific investment, reduced organizational flexibility and market responsiveness are risks 
associated with vertical integration (Forster and Regan, 2001). 
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C stakeholder analysis integration project and JUMP 

In this paragraph the interest of all stakeholders involved in the integration project in FBI in 
particular are described. First, the general strategy of Air France-KLM will be described briefly, 
because this places the integration project into perspective. This will be followed by an overview 
of the stakes of parties within KLM Cargo, the internal stakeholders. After this the stakes of 
KLM Cargo's customers are described. The customers of KLM Cargo wiU be shippers, 
forwarders and integrators. The competition of KLM Cargo will exist of out of competitive 
airlines and other ground handlers at Schiphol. The final sub-paragraph will consist out of the 
opinions of KLM and Schiphol with respect to the JUMP. 

C.1 Air France - KLM 
Air France-KLM is working on the integration of certain activities of both airlines in order to 
realize the expected synergies of the merger. The group's strategy is described as: "one group, 
two airlines, three core activities". These three core activities are passenger transport, cargo 
transport and aircraft maintenance. In this report the focus will be on the cargo transport, 
therefore the passenger and maintenance department are outside the scope of this stakeholder 
analysis. 

C.1.1 Air France Cargo - KLM Cargo 
The Air France-KLM Group has built a number of fundamental strengths. The airline has two 
powerful hubs (Paris-Charles de Gaidle and Amsterdam-Schiphol) linking the medium-haul 
network to long-haul routes. It results in a well-balanced network that offers natural protection 
against economic and geopolitical risks (www.airfranceklm-finance.com, 29-9-2008). Due to the 
large network both carriers are sorting and distributing airmail and E Q for transit flows via their 
hubs, besides serving their home market. 
Cost reduction and the ongoing integration and alignment of the operations of the two cargo 
organizations will remain important in the strategy of the A F / K L Cargo. The integration of the 
E Q and airmail in FBI could contribute to this reaching these goals. At Charles de Gaulle the 
operation of mail and E Q are already combined (see paragraph 6.2 and appendix S) and the 
integration of both flows is expected to result in cost reductions, due to realizing synergy effects. 
The strength of the KLM Cargo operation at the moment is the quality of the cargo handling. 
KLM Cargo is renowned for their flexibility and is seen as a very reliable cargo airline and the 
leading carrier in the transportation of airmail (Lobo and Zairi, 1999). Because of this reputation 
KLM Cargo is often used for specialized cargo transport, for example transport of live animals, 
art, valuables, and perishables. 

Air France Cargo just moved to a new cargo terminal at Charles de Gaulle airport, which has 
been an improvement for their cargo handling process. The handling of E Q and airmail is 
performed by Sodexi at Charles de Gaulle, a subsidiary company of Air France-KLM. By 
improving the process for express cargo the airlines are trying to compete with integrators. 
Equation is the product of A F / K L Cargo which has to compete with the services of the 
integrators. 

C.2 Internal project stakeholders 
In the overview of the Cargo organization (Figure 47) within Air France-KLM the airmail and 
E Q department are highlighted. 
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Figure 47: Organization chart of the cargo organization of Air France Cargo-KLM Cargo 

The changes due to the integration will be experienced by these two departments. Andre Mulder 
is responsible for the integration project within KLM Cargo. He has to justify the choices made 
in the Schiphol Executive Regie Meeting (SERM), which is also attended by the chairman of the 
JCMC of Air France cargo-KLM cargo, M. Wisbrun. 
The initial organization of the integration project can be visualized by an organization chart on a 
lower level (Figure 48). Here a project team, responsible for the design and preparation of the 
integration, is working besides the implementation team, responsible for the implementation of 
the proposal. 

Schiphol Executive Regie Meeting 
(SERM) 

t 

_C 

Management Group 
(Chairman: Andre Mulder) 

t 

Project team 
1 

Implementation team 

Project Support Team Human Resource manager 

Figure 48: Organization chart of the integration project 

In this analysis the stakeholders are distinguished into four internal stakeholder groups: KLM 
Cargo management, the operational management of airmail and of EQ, the workforce of both 
departments and the transportation department. 
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C.2.1 The management of KLM Cargo 
In general the management of Air France-KLM strives towards alignment of the operations, in 
order to exchange best practices and offer the same products and quality to customers. Increasing 
the efficiency of the operations will help to reduce the costs, this is necessary in these challenging 
times for airlines. 
The management of KLM Cargo will try to contribute to these goals of the group. Therefore it 
initiated the study to integrate the mail and E Q flows, which is expected to result in efficiency 
gains due to synergy effects. At the same time the integration will lead to higher customer service 
performance, which will help KLM Cargo to protect its market share and attract new customers. 
The management of KLM cargo is already considering the movement of KLM Cargo to the 
proposed new location at the other side of the Kaagbaan. The gained experience with the 
combined operations of mail and E Q at FBI will be useful knowledge for the design of the new 
freight terminal. 
The integrated situation will raise issues around safety of the premises and safety of the 
employees in the freight building. The integration project has to become safer for KLM 
employees. The safety on board of the plane and in the freight building should be according to 
the regulations in the industry or better. In the Netherlands the "Arbeidsomstandighedenwet", 
the so-called Arbo-wet, sets the rules on working conditions with regard to safety. 
Whereas airmail is under a different department than E Q at the moment, the integration will 
change the organization structure. This implies that one of the managers will lose a part of 
his/her responsibility. 
From a commercial perspective it is important that the integration wiU not endanger the 
continuity of the operation. Discontinuity would damage the reliable image of KLM as a cargo 
carrier. 

C.2.2 Operational management 
The operational management wiU become responsible for the integration and the continuity of 
the operations during the implementation phase. When difficulties arise in the process after the 
integration it will be the responsibility of the operational management to find a solution for them, 
without harming the operational performance. Therefore the operational management is focused 
on the prevention of difficulties beforehand, instead of after the integration project. They want to 
reduce the risks of future problems. 
The synergy effects of the integration project would partially result from the overlap of fiinctions 
in the operational management. This will result in the possibility to lose responsibility or even 
jobs for the management, because it is expected some functions will become superfluous. 
Having seen new initiative faü and having experienced the delay of the project the operational 
management is concentrating on their day-to-day responsibilities. 

C.2.3 Operational workforce airmail and EQ 
The workforce of the operations at the mail and E Q departments exists out of KLM employees 
and temporary workers. The employees in the operation should adapt to the new situation. At the 
moment they have experience with the current activities and the operations are routine jobs for 
them, they are not used to mayor changes in the process. In this environment change is always 
regarded with some reserve, afraid of changes and a possible higher future workload. 
On the other hand there is also a fear to lose jobs when the efficiency increases. Therefore the 
employees are trying to be amenable for the new initiatives. The employees know that fast 
adapting and willingness to cooperate will be appreciated by the management. 
It is relatively hard to find employees for the work in the freight buildings. At the moment KLM 
Cargo is hiring temporary workers. The presence of the temporary workers will comfort the 
KLM Cargo employees, because they know that the temporary workers will be the first to leave 
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the organization when the increased efficiency reduces the required number of employees for the 
operations. 

C.2.4 Transportation department 
The transportation department, "Rijderij", is responsible for bringing in the belly wagons at the 
EQ operations, the mail department will be responsible for this themselves. The integrated 
operations will require a decision on how to perform this activity in the future; this will influence 
the workload for the transport department. 
The operational manager of the mail operations recentiy became responsible for the 
transportation department, in order to improve the communication and coordination between 
the mail and transport department. 

C.3 External stakeholders 

C.3.1 Customers 
In the Netherlands, TNT is using KLM as their main carrier (besides their own fleet) for the 
distribution of the international airmail and express packages. Nevertheless competition is severe 
at the moment and the forwarders or postal companies have power to negotiate over price. KLM 
Cargo is offering service to the large integrators as well as other types of forwarders, which 
implies that KLM Cargo will transport for all customers types. 
The most important customers for KLM Cargo are large postal companies and integrators and 
consolidated forwarders from around the worid (Table 30), which are using Schiphol and the 
KLM Cargo terminal as one of their hubs. The revenue per shipment will be determined on the 
weight, flown distance and the tariff for the connection. Shippers are considered as well in this 
sub-paragraph, because the demands of the forwarders are the derivative of the shipper's 
demands. 

Table 30: Top 10 customers based on 07/08 revenue I 

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 

U.S. Postal sevice 
TNT (Dutch post) 
German mail 
South Korean mail 
China mail 
Hong Kong mall 
Canadian mail 
Italian mail 
Japanese mail 
Taiwan mail 

DHL 
TNT 
Bridges 
Kuehne -•- Nagel 
DGF 
Panalpina 
Schanker 
KLM 
UTI 
EGL 

In general customers are demanding fast, reliable and cheap transport, but besides these general 
demands other factors are important. Customers are looking at the professional reputation of an 
airline as well. Customers will also value the customer service and after sales contact (Interview 
J.J.G. Maarschalk, appendix R.1). KLM Cargo has a good reputation in the industry; it is 
displaying expertise and is showing interest in new developments of the supply chain. Of course 
it has to be possible for a trip to use KLM Cargo as carrier for a shipment; this will be dependent 
on network configuration, frequency of flights and special handling (live animals) or transport 
requirements (dangerous goods) in some cases. 
Future innovations will take place in the electronic communications with the customers, track & 
tracing of shipments will gain importance and electronic documentation exchange and billing will 
grow. The integration project will improve the tracking of mail bags, due to the extra scanning of 
the bag at the terminal. In this report the effect of the integration on the performance indicators 
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will have to be determined, changes in the performance will have an effect on the satisfaction of 
the forwarders. 

Shippers 

The original shipper of the transport will be the customer of the forwarder. The shipper can be 
everyone who wants to ship a parcel or mail by plane. Because only registered agents are allowed 
to deliver cargo to airlines for transport (www.acn.nl. 3-10-2008), the shipper should contact a 
registered agent. This registered forwarder will organize the transport of the shipment. In this 
way the airline is not directiy communicating with the shipper, unless the shipper is a registered 
agent itself The requirements of the forwarders can be seen as a derivative of the shippers' 
demands. 
The dependency on air freight for efficient inventory management in a global economy, as 
described in sub-paragraph D, has boosted the demand for express products. In general 
companies using the Just-In-Time (JIT) principle will demand for short delivery times and reliable 
transport for the lowest price. For mail it will be important that it wiU arrive on time at the right 
destination. 

Forwarder 

Relationships between forwarders and airlines are complex. In the past forwarders acted as 
licensed agents, selling space for only particular airlines. Although this situation has changed the 
airlines looked upon forwarders as direct agents, with a paternalistic attitude towards the 
forwarders. Other airlines see the forwarders as purely consoHdators which do not add value to 
air cargo products and are competing with forwarders for the orders of shippers. The relationship 
between forwarders and airlines can be characterized as traditionally distrustful and uncooperative 
(Forster and Regan, 2001). Airfreight forwarders are a very diverse group of companies, varying 
in size and strategy; this influences their perspectives on the industry. 

Relation between forwarder and airline 
In this description the relation with an airline is described from the perspective of small and large 
forwarders. 

Small forwarders are competing particularly on service. Infrequent shippers of small volumes of 
air cargo are often small manufacturers. Small manufacturers should still be able to receive the 
best air-cargo service from locally based forwarders. For these customers, long-term relationship 
and trust-based parmerships with a forwarder, the service attributes where local forwarders are 
positioned best, may be the most important considerations in selecting an air-cargo provider 
(Schwarz, 2005). Similarly, another niche in which small forwarders hope to succeed is the market 
for products requiring special handling, such as perishables or hazardous goods. 
Small forwarders, focusing on service, are not afraid of the large integrators, because these 
integrators are targeting large volumes. The small forwarders are afraid of the disintermediation 
of the air cargo system, which is stimulated by traditional combination airlines like KLM. 
Although this fear is widely shared between forwarders the share of cargo directiy sold by carrier 
s to shippers is negligible. Forwarders expect the combination carriers to compete with the 
integrators by evading the forwarders in the supply chain (Schwarz, 2005). 
Competition between the small forwarders and the airlines results in a difficult situation for the 
forwarders, while trying to get a good deal for the cargo they want to transport by the airlines and 
competing for cargo with the airlines at the same time (Schwarz, 2005). 
The competitive strategy of the transnational freight forwarders centre on offering a complete 
package of value-added logistics services, backed by highly developed information systems. The 
large forwarders know they have leverage towards the airlines, because they are controlling large 
volumes. The large forwarders see a threat from integrators, to counterbalance this they want to 
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improve the partnerships and increase the coordination between transnational forwarders and 
traditional airlines, in order to compete with integrators and their 'one-stop-shop' business model 
(Schwarz, 2005). Between the large consolidated forwarders there is a lot of competition because 
the offered spectrum is similar and therefore interchangeable (Lobo and Zairi, 1999). 
Large forwarders emphasise the importance of IT interoperability between the in-house systems 
of different companies is still a challenge, although it is improving steadily. Communication 
between forwarders and the airlines will primarily go through electronic channels. Only the 
largest and best customers, like the multinational forwarders can still expect personal treatment 
from key account managers at the airline. The electronic communication closes out the 
cooperative deliberation between forwarders and the airlines, which wül in most cases be 
beneficial to shippers (Schwarz, 2005). Nevertheless the electronic exchange of information 
between the parties in the industry wül become more and more important. Information 
technology will be the driving force for change. Different initiatives are taken to replace the hard-
copy exchange of documents in the supply chain. For example the e-freight project, launched by 
lATA in 2004, is designed to eliminate the need to produce and transport paper documents for 
air cargo shipments by using a simpler and industry-wide electronic system (www.iata.org, 1-10-
2008). It wiU be less likely that smaU forwarders can afford the changes they have to make to 
adapt to the electronic communication in the business, than large forwarders (Schwarz, 2005). 

Forwarders perspective on the integration project 
For the project it is important that the forwarders will agree that E Q shipments will not be 
booked on a certain flight but will be handled using the First-in-first-out (FIFO) principle. For 
the maü department the possibility to keep better track of the shipments in the integrated 
situation is an advantage. For the E Q department the efficiency gains could help KLM Cargo to 
improve their position in the express market, due to reduced costs and possibly a higher 
operational speed of the handling of shipments. 

For airmaü the large national postal companies are the forwarding companies between the airlines 
and the shippers. In this case the position of the forwarders is different than normal. The postal 
companies are coUecting, sorting and distributing the letter mail through for their home markets 
and this is an activity which wiU not be easüy taken over by competitors. At the moment the 
postal companies' position is protected by legislation in most countries, this is expected to 
changes in the near future (www.tntpost.nl, 2-10-2008). After the liberalization of the postal 
market other parties could join the market for forwarding airmaü. 

The postal companies are looking for airlines which are able to deliver the maü before de Latest 
Arrival Time (LAT) for a certain connection. The latest arrival time (LAT) time, this time is set by 
the national postal services. At that time the postal companies wül coUect the incoming maü for 
the last time that day at the air cargo terminal, in order to distribute the maü the next day to the 
final recipient. The faster the handling the more maü could arrive before LAT. 

Integrators 

Integrators are offering door-to-door transport to shippers. Integrators own aU assets of 
production including physical assets like trucks and planes, labour assets and information assets 
(Forster and Regan, 2001). Integrators pursued innovative strategies for infrastructure, product 
and information technologies. Their customer target group are the shippers of voluminous, 
valuable and frequent cargo flows. The integrators offer services to a wide range of customers, 
from private individuals to multinational companies, in the last case the integrators are supporting 
the supply chain of the manufacturers as a third logistic party in most cases. 
For airlines the integrators became important competitors, but often the integrators are important 
customers simultaneously. The integrators operate their own fleet of aircrafts to transport the 
cargo between their distribution centres, but the integrators are using the dense network of 

134 Stakeholder analysis integration project and JUMP 

http://www.iata.org
http://www.tntpost.nl


June 2009 Master thesis G. van Amstel 

airlines to distribute their cargo on other connections with lower volumes. In this way the 
integrators are supplying cargo to airlines as a customer, but when the integrator can fly profitable 
on the same connection in the future the integrator wiU likely become a direct competitor for 
cargo on the connection. 
The bargaining power of the integrator is very strong; everybody would like a share of the large 
pie they are dividing. Integrators wiU decide which carrier to use on the basis of costs, after their 
unconditional requirements on reliability and travel times are met by the airünes. 

Integrators perspective on the integration project 
The integration project at FBI wiU be seen as a project to improve the competitiveness of KLM 
Cargo towards other airlines and integrators. Nevertheless integrators wiU probably not see this as 
a large threat for their own market share because of the relative small scale. At the same time it 
can improve the service they can offer to their customers when they ship their cargo with KLM 
Cargo. 

C.3.2 Competition 
As explained in the previous sub-paragraph, integrators are customers as weU as competitors of 
KLM Cargo. Beside the integrators with their own fleet most direct competitors of KLM Cargo 
are other airlines which transport cargo to and from Schiphol. On the ground other ground 
handlers can be competitors for KLM Cargo. 

Competitive airlines 

Important competitors of KLM Cargo are other cargo carriers; this can be aU cargo carriers (Jade, 
The Great WaU) or combination carriers (e.g. Lufthansa). Being an all cargo carrier aUows clear 
focus on one product unhke other carriers (Lobo and Zairi, 1999). This can be an advantage for 
the all cargo carriers. At airports, other than their home base, the carriers wiU use the terminal of 
local ground handlers, because it is not beneficial to operate an own terminal. The contacts and 
facilities airlines can use at other airports wiU determine the service the airline can offer on routes 
to the forwarders. At Schiphol KLM has a very strong position, because of its size and the 
variation in the network, KLM can offer the best connections via Schiphol. 
For airmail KLM offers good service at Schiphol airport, KLM can make use of capacity on the 
KLM network and more and more on the Air France network. The ability to sort incoming maü 
within a short time has attracted large volumes of international maü from postal companies 
around the world. This together with the fact that KLM is the supplier of air transport to the 
Dutch postal company TNT, has made KLM market leader for the transport of airmaü at 
Schiphol and made Schiphol an important hub in the airmaü network. Not aU airünes wiU have 
the facilities to sort transit maü. 
For E Q and other cargo this hub-function is less strong, because individual shipments wiU travel 
more directiy from origin to destination. The competition of cargo transport to and from 
Schiphol is more severe than for maü. 

Ground handlers at Schiphol 

Other airlines do not have simüar ground handling facilities at Schiphol, certainly not for airmaü. 
This implies that KLM wiU have competitive power for cargo destined or originating from The 
Netherlands. 
KLM Cargo offers the use of facilities at Schiphol to partners in the SkyTeam alliance. Other 
airlines have to use other ground handlers at Schiphol. Schiphol has various other cargo handlers 
(e.g. Aero ground, Menzies). 
From the transit flows of cargo and airmaü airlines can use another airport as transfer point; this 
wiU depend on the differences in offered service and price between international airports. 
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The choice between KLM Cargo and other ground handlers will not be made on basis on the 
performance of the ground handling, forwarders will choose an airline which can supply the 
required transport, which ground handler wiU be used wiU be a consequence of the choice for an 
airline. 
The performance of the ground handüng is integrated in the offer of an airline to the forwarder; 
indirectiy the performance on the ground wiU have an influence. Therefore the expected 
improvement of the handling at FBI due to the integration wiU be beneficial for KLM Cargo, but 
the position opposed to other handlers is of minor importance. 

Competition with other modalit ies 

Road transport, raü transport and sea shipping can be competing with air transport to and from 
Schiphol. Road and raü can compete with air transport within Europe, intercontinental transport 
by air wiU compete with sea shipping. 

Road transport 
Road transport is an alternative for air transport within Europe. Air transport is much more 
expensive, but the gain in travel time is limited within Europe. Trucks can offer door-to-door 
transport, where air transport wiU require pre and end road haulage. 
In general one can says that within Europe priority maü and express products wül be flown, 
because it will remain faster than road transport and other intra European transport wiU not be 
flown, this wül be too expensive. 
KLM Cargo uses trucks to operate air cargo transport within Europe to other airports. This 
transport by truck can be executed at low costs and KLM Cargo can offer transport to more 
airports in Europe than are in the KLM network of air connections. KLM has a logistic parmer 
to perform this road transport. Road transport is also used to coUect cargo from around Europe 
and bring it to Schiphol for departure on a KLM flight. 
The increase in costs of flying by legislation or by an increase in the price of jet fuel can push 
customers towards road transport for intra European transport. The congestion on motorways 
could be an opportunity for KLM Cargo to gain market share on intra European transport. 

Rail transport 
Raü transport is not seen as a real competitor for maü or express products by air. The smaU cargo 
products are rather transported by road or by plane within Europe. At the moment Schiphol does 
not have a raü terminal for cargo, there are plans to buüd one at Hoofddorp in the future 
(Schiphol, 2007a), but this decision has not been made yet. 

Sea shipping 
For intercontinental transport it is not possible to use raü and road transport. It is possible to 
ship the cargo over sea. There is a large difference between sea shipping and air transport in 
speed and price. Sea shipping is a lot slower, but also much cheaper. In general products with a 
high value are often transported by air, lower value products with a long delivery time are 
transported by sea. The different character of the transport ümits the possibiüties for competition 
between the modes. 
In addition, congestion in ports is another factor, which has ümited the booming growth in 
maritime transport. This saturation represents an opportunity for KLM Cargo (Air France Cargo 
- KLM Cargo, 2008). 

C.3.3 Regulatory bodies 
At Schiphol several authorities are influencing the air traffic. Schiphol Airport Group, as airport 
regulator, wiU set the landing charges and restrictions on noise and poUution for airlines that want 
to make use of Schiphol. The Dutch government is legislator for aU air traffic in the Netherlands 
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on a higher level. Beside the regulatory bodies at Schiphol the International Air Transport 
Association (lATA) wiU set the standards for the air transport industry. 

lATA 

The international air transport association (lATA) is the global trade organisation for the aviation 
industry. The lATA is representing the industry and tries to improve the understanding of the 
industry among decision makers. 
Important goal of the lATA is to simpUfy the business (www.iata.org, 6-10-2008). Introducing 
electronic communication and documentation for as weU passengers as for cargo is one of the 
main means for lATA to achieve this goal. The label (IATA606(B), see main report paragraph 
3.4) that wiU be used in the integrated situation is introduced by the lATA in order to set an 
uniform standard in labelling throughout the whole air cargo industry. 
Although the integration project in FBI wiU not directiy have effects on the communicating and 
documentation between parties in the supply chain, it raises opportunities to exchange more 
information in the supply chain, because more information wiU be stored electronicaUy. 

Schiphol Airport Group as airport regulator 

Schiphol Airport is strongly dependent on transit passengers and cargo. The domestic market 
base of Schiphol is the Netherlands, which is relatively smaU. In order to grow Schiphol has to 
focus on the hub-concept (Schiphol Group, 2003). 
The growth of Schiphol is encountering resistance of the surrounding municipalities. The noise 
and poUution are the main problems of the neighbours of Schiphol and therefore the government 
has set limitations to the growth of the airport and made arrangement to reduce noise and 
poUution for the surrounding areas. 
Schiphol has chosen the strategy of selective growth to benefit the most of the aUowed growth. 
Schiphol selects proposals for expansion on the basis of the noise and pollution produced by the 
new flights; this wiU vary per type of aircraft. Besides noise and poUution the network function of 
the new flights is important, wiU the new connection improve the network of Schiphol, attracting 
new potential cargo and passenger flows. 
Schiphol tries to stimulate cargo transport in two ways: create conditions to faciUtate the 
organization function in the logistic supply chain and bring together of activities which 
strengthen each other in the value chain. 
Cargo transport is important for Schiphol for two reasons: cargo wiU contribute to the cost-
effective of Unks in the network and cargo wiU be a great stimulus for employment. Around half 
of the air cargo is transported as combi-transport on intercontinental passenger flights. In this 
way freight transport contributes to the profitabiHty of those fUghts and this wiU be beneficial to 
the network of Schiphol. Cargo transport wiU generate employment to a larger extend than 
passenger transport, especiaUy logistic activities wiU be stimulated (Schiphol, 2007a). 
Air cargo at Schiphol wiU primarily be intercontinental transport. Within Europe most cargo wiU 
be transported by truck. Schiphol is supporting alternatives to increase the share of raü transport; 
a raü terminal at Schiphol is regarded as an important incentive to enlarge the modal shift for rail. 

In the spatial planrung of the airport Schiphol has reserved space for the cargo terminals and 
related activities at Schiphol ZuidOost, a location on the other side of the Kaagbaan (Figure 2). 
This movement, or so-caUed JUMP, of KLM Cargo wiU make room for expansion of the number 
of gates at Schiphol Centrum (Schiphol group, 2007a). 
The "Vliegtaks" (sub-paragraph D) is threatening the competitive power of Schiphol, because 
flying through Schiphol wiU become more expensive. Customers wiU decide to use other airports 
in neighbouring countries, which decreases Schiphol's growth. The effect of the 'Vliegtaks" wiU 
also have a negative effect on the supply side of capacity, while Schiphol wiU become less 
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attractive for airUnes to use as transit hub. Airlines wiU reduce the number on flights on Schiphol, 
which wiU harm the hub-function of the airport. 

Dutch government as legislator of aviation on environmental issues 
The Dutch government has introduced the "VUegtaks" in the Netherlands. In this way they are 
trying to reduce the use of air transport. The motivation to do this is that air transport is 
associated with negative environmental effects. At this time (October 2008) the charge appUes to 
passenger transport, but the levy could apply to air cargo in the future. 
The Dutch government is stiU discussing the future growth of Schiphol. Noise and poUution are 
accompanying growth of the number of flights on Schiphol. The civilians living around Schiphol 
want the growth of the airport to stop. The growth of Schiphol wiU on the other side generate 
employment and economic activity in the Netherlands, especiaUy in the area surrounding 
Schiphol. In the long term the government should aUow growth at Schiphol to make it possible 
to serve the future demands. 

C.3.4 Stakeholders involved in the JUMP 
The coordination of the JUMP wiU be arranged in a negotiation between KLM and Schiphol. 

KLM Cargo 
KLM is not obUgated to make the JUMP to another location and there is no urge to make the 
move. Nevertheless the movement of the cargo terminal to a new location wiU offer a unique 
opportunity to buüd a "best in class" new hub as weU. The key design principles of the new cargo 
facilities would be: flexibiUty, simplicity, cost-effectiveness and safety and security (Air France 
Cargo - KLM Cargo, 2008). On the other hand it wiU take a large investment to build the new 
terminal. The JUMP has been postponed multiple times in recent years, because the economic 
situation does not leave room for investing in a new terminal. 

Transportation department 
The transportation department has a crucial role in the ground handling of cargo. Schiphol is a 
large airport and the traveUed distances to retrieve cargo from planes can vary considerably. The 
movement of the terminal of KLM Cargo to another location at the airport premises could have 
great impact on the travel times of the transport between plane and terminal. At this moment the 
time between the arrival of the plane and the arrival of the cargo at the terminal can be 
guaranteed to be less than 60 minutes by transportation. 

Schiphol airport 
Cargo transport is important for Schiphol for two reasons: cargo wiU contribute to the cost-
effective of links in the network and cargo wiU be a great stimulus for employment. Around half 
of the air cargo is transported as combi-transport on intercontinental passenger fUghts. In this 
way freight transport contributes to the profitability of those flights and this wiU be beneficial to 
the network of Schiphol. Cargo transport wiU generate employment to a larger extend than 
passenger transport, especiaUy logistic activities wül be stimulated (Schiphol, 2007a). 
Air cargo at Schiphol wiU primarily be intercontinental transport. Within Europe most cargo wiU 
be transported by truck. Schiphol is supporting alternatives to increase the share of rail transport; 
a raü terminal at Schiphol is regarded as an important incentive to enlarge the modal shift for raü. 
In the spatial planning of the airport Schiphol has reserved space for the cargo terminals and 
related activities at Schiphol ZuidOost, a location on the other side of the Kaagbaan (Figure 2). 
This movement, or so-caUed JUMP, of KLM Cargo wiU make room for expansion of the number 
of gates at Schiphol Centrum (Schiphol group, 2007a). 
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D Demand for air transport 

The demand air freight and travel by air are closely related to consumer confidence and consumer 
spending (LATA, 2008a). This impUes that the demand for air transport is very cycUcal and at the 
same time the industry is very capital-intensive. The forces determining demand are numerous, 
which makes it difficult to forecast demand (Figure 49). The combination of a volatüe demand 
and a capital-intensive industry incorporate risks, because the costs of the planes for an airUne 
cannot be changed on the short term, because the average economic Ufetime of an airplane is 
more than 10 years (Air France KLM, 2008a, p. 9), whUe the demand can change drasticaUy. 
During times of low demand, the airUnes have to make sure they do not get stuck with a lot of 
overcapacity and when demand is high they should have the capacity to meet demand in order 
not to lose market share to competitors which have sufficient capacity. This wiU make it very 
important to predict the future demand, but predicting demand for air transport wiU be very 
complicated. 
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Figute 49: Forces and constraints for air cargo growth (Boeing, 2006, p . 13) 

The emergence of low-cost carriers resulted in another challenge for the estabUshed airUne 
carriers. The established carriers, which often operate a large hub-and-spoke network, were 
confronted with low-cost carriers, which offered dedicated point-to-point fUghts on profitable 
routes. The low-cost carriers were offering 80% of the service quaUty at less than 50% of the 
cost. The success of the low-cost carriers took away market share from the traditional carriers 
and put the pressure on the profit margins of airUners (Franke, 2003). By means of increasing in 
scale and consoUdation, traditional airlines are trying to reaUze efficiency gains, in order to 
improve the market position compared to other aUiances and reaUze additional growth (Schiphol 
2007a). 
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D.l Recent developnnents 
Besides the fundamental characteristics of the industry, which make it hard to survive as an 
airliner, there were five other causes for difficulties in the industry in the past decade: the terrorist 
attacks on the 11* of September 2001 in the US, the SARS epidemic and Iraq war in 2003, 
expansion of safety measures, the severe rise in oü prices and imposed environmental taxes made 
surviving even harder for the airUners (Schiphol, 2007a). 

The direct cause of the faU in demand in 2000 was an economic downturn combined with large 
overcapacity in the industry, foUowing on a flourishing period for aviation in the nineties. The 
terrorist attacks on the 11 of September deepened the existing crisis considerably. The attack by 
commercials aircrafts on several important buüdings in New York and Washington in 2001 
changed the landscape for the commercial airUners immensely. Never did an incident have such a 
severe and sudden impact on the demand (Figure 50). The unexpected events and the foUowing 
decline in demand caused great problems for airliners, which stiU incurred the costs of their fleet. 
Several airUnes balanced on the verge of bankruptcy and some did go bankrupt. 
In 2003 the SARS epidemic and the start of the war in Iraq caused the demand to faU again for 
the second time in a short period (Figure 50). In the beginning of 2004 there came an end to the 
decrease in the demand. 
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Figure SO: International scheduled passenger traffic (RPK= revenue passenger kilometres), (lATA, 2008b) 

The airUne industry is very sensitive for developments Uke the emerging terrorism and epidemics. 
Protection against these threats wiU be accompanied by higher costs for safety. After the 11 * of 
September in 2001, safety regulations for air transport became stricter. AirUnes were partiy 
responsible for the costs of the new safety requirements. (Schiphol, 2007a) 
The costs of jet fuel represented 20,6% (Air France KLM, 2008b) of the total costs for AF/KL. 
The large increase in the price of oü in the last couple of years has had a negative influence on the 
demand, because flying became a lot more expensive because of it. At the same time this put the 
margins in the industry under pressure, because the rise in cost could not be fuUy passed on to 
the customers. 
The introduction of environmental taxes in many countries contributed as weU to the higher price 
customers have to pay for flying. On 1 July 2008 the Dutch government imposed an extra charge 
on tickets for passenger transport, the so-caUed "VUegtaks". The Vliegtaks is an extra charge on a 
ticket, which shoiüd decrease the use of an aircraft, in that way it should contribute to the 
avoidance of environmental damage. This charge in the Netherlands is relatively high compared 
to the surrounding countries (www.fd.nl, 18-9-2007), which is a disadvantage for the carriers 
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using Dutch airports as their home base. AF/KL, as an airUne with a strong position at Dutch 
airports is arguing that airUnes serving the Dutch market are encountering a disproportional 
disadvantage and that a situation of unequal competition wiU emerge. Customers wiU look for 
possibiUties to avoid paying the charge and fly from airports just on the other side of the border, 
the first passenger numbers are reflecting this already. 

D.2 Expectations for tiie airline industry 
Estimates of future demand for air transport are in general be based on macro economic 
variables Uke Gross Domestic Product (GDP), exports, imports, unemployment rate, inflation, 
private consumption and disposable personal income. Estimates of future demand can not only 
be based on macro economic variables only, it wiU also depend on several other factors, which 
wiU be different around the world: e.g. the price of air travel (e.g. penetration of Low-cost 
carriers), population growth, demographic changes, network developments, market UberaUzation 
and deregulation (Airbus, 2007)(Boeing, 2006, p . l3 & 2008). The dependence of demand on 
various factors can also be used to explain the difference between the forecasts for cargo and 
passengers demand. 
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Figure 51: Summary of growth rates in the aviation industry (Boeing, 2008) 

The annual growth of passenger transport is estimated on 5.0% worldwide (Figure 2). The annual 
growth wiU differ between regions in the world (Table 31). Europe is seen as a mature market 
with a Umited growth potential. The growth worldwide wül be higher; the strongest growth wiU 
originate from emerging economies, especiaUy from Brazü, Russia, India and China (Schiphol, 
2007a). 

Table 31: Annual growth of passenger traffic (Boeing, 2008) 
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The global economy demands rapid and reUable business-to-business exchange. Air cargo 
transport can make such exchange possible. Manufacturers depend on air freight for efficient 
inventory management and to source components and assembUes firom world markets, two 
logistic elements which have gained importance the last twenty years. The growth of air cargo has 
been benefiting from recent developments in logistics. Using transport by air can help to reduce 
inventory and wiU reduce the time to put product into the market. The reduction of product 
Ufespan in many industries (clothes, computers, pharmaceutical) makes it more important to 
decrease transport time from manufacturer to the shop. Outsourcing of production buUding 
blocks to countries, that passes a comparative advantage in that type of productive activity, 
stimulates the demand for transport services, and intensifies the search for a more efficient trade 
regime in international air cargo services (Zhang and Zhang, 2002). Besides the commercial 
grounds to use air transport, airünes wiU also provide transportation of even basic commodities in 
many areas of the world where ground infrastructure is lacking (Boeing, 2008). 

Freight demand is driven mainly by economic growth, globaUzation and trade, but freight is also 
facing increased competition from other modes such as shipping. Air cargo is expected to grow 
with 5.8% on average every year (Boeing, 2008). The most dynamic freight markets are those 
associated with economies that are both fast-growing and rapidly integrating into the global 
economy (lATA, 2007a). 
Interesting aspect of cargo flows is that the flows are unbalanced. In Asia more products are 
produced, because of the low labour costs, these products have to be transported to Western 
countries; this transport is often performed by plane. The demand for passenger transport wiU be 
balanced, because passengers tend to return to a location. The unbalance explains that rates for 
cargo transport can differ significandy based on fUght direction (Zhang and Zhang, 2002), where 
they wiU not differ much per direction for passenger transport. 

D.2.1 Future developments for air mail and EQ products 
The international express represents 11% of total international air cargo (Boeing, 2006, p.4) . 
Average international express shipment size grew from 2.7 kg in 1992 to 5.4 kg in 2005, further 
enlarging the overaU express component of international air freight traffic. As businesses 
continue to expand beyond domestic or close regional markets, the international express sector 
wiU continue to grow, although the growth rate wiU become a more sustainable, long-term rate. 
The distinction between express and general air cargo wiU continue to blur as traditional 
providers expand their time-definite offerings, air cargo firms consoUdate, and postal authorities 
make inroads as fuU-fledged logistics providers. Ultimately, the air cargo customer benefits from 
improvements, increased service options, and lower prices as market pressure brings competing 
products into the market. The market share of express products s Ukely to increase, the growth 
rate of the express products wiU therefore be higher than the overaU growth of air cargo of 5,8% 
(Boeing, 2008). 
The growth of airmaü wiU be below the average market growth. The growth of airmaü is strongly 
correlated to the G D P and less dependent of other variables. The airmaü sector is expected to 
grow with 2,5% per year through 2025 (Boeing 2006, p. 16). 
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Lay out FBI 

E.1 Present layout FBI 
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Figure 52: Map of FBI with the airmaü and EQ department (yellow surface) (KLM Cargo) 

Lay out FBI 
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E.2 Plan of FBI with future conveyor belt system 

This map is placed upside-down on purpose to make it comparable with the map of the current situation (Figure 47 in appendix E.1) 
X 
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Figure 53: Layout of FBI with extension (blue squares) of the current conveyor belt system (orange square) (KXM Cargo) 
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F Via locations for mail from Schipliol 
Table 32: Table of destination airports which travel via another airport 

Via via for in current mail process 1 

Code of destination 
AKL 
ALY 
AMM 
AMM 
ASM 
AST 

ASU 
AXA 
BAK 
BDA 
BEY 

BGF 
BGI 
BGW 
BJL 
BJM 
BKO 
BLZ 
BNE 
BOG 
BOR 
BTS 
BUQ 
BWN 
BZV 
CAN 
CAY 
CGN 

CHA 
CHQ 
CKY 
CMB 
CMN 
CMN 
COO 
CTA 
CVT 
DAC 
DAM 
DAM 
DKR 
DLA 
DUR 
EZE 
FAA 
FDF 
FIH 
FNA 
FNJ 
FRU 
FUK 
GBE 
GEO 
GIB 
HAN 
HAV 

HFA 
HRE 
ISB 
ISB 
JED 

JIB 
JIB 
KBL 
KGL 

KHI 
KHI 
KIN 
KLA 
KTM 

Code via airport 
KUL 
CAI 
CDG 
AMS 
NBO 
ALA 
CDG 
SXM 
1ST 
YYZ 
CDG 

CDG 
YYZ 
CDG 
AMS 
NBO 
CDG 
NBO 
KUL 
CDG 
SIN 
VIE 
NBO 
KUL 
CDG 
PEK 
CDG 
FRA 
NBO 
ATH 

CDG 
BKK 
MAD 
CDG 
CDG 
FCO 
LHR 
BKK 
DXB 
CDG 
CDG 
NBO 
JNB 
CDG 
cdg 
CDG 
NBO 
NBO 
PEK 
SVO 
KIX 
JNB 
SXM 
MAD 
KUL 

CDG 
AMS 
NBO 
DXB 
DXB 
DMM 
CDG 
DXB 
DXB 
NBO 
DXB 
DXB 
YYZ 
EBB 
DEL 

Code of destination 
LAD 
LBE 
LBV 
LCA 
LFW 
LFW 
LIN 
LJU 
LLW 
LPB 
LUN 
LUX 
MAA 
MAA 
MAI 
MAR 
MBA 
MEL 
MFM 
MGQ 
MIA 
MLW 
MMA 
MPM 
MRU 
MSQ 
MSU 
MTS 
MVD 
NAP 
NDJ 

NIC 
NKC 
OUA 
OXB 
PAP 
PAP 
PER 
PNH 
POS 
PPT 
PSA 
PSD 
PTP 
RAI 
RGN 
RIO 
RUH 
RUH 
RUN 
SEZ 
SJJ 
SJO 
SJO 
SOF 
SYD 

SYD 
TAB 
TER 
TIA 
TIP 
TLL 
TLV 
TLV 
TMS 
TNR 

TUN 
VNO 
VTE 

it mail process 1 

JNB 
NBO 
CDG 
ATH 
CDG 

ACC 
MXP 
VIE 
NBO 

NBO 
AMS 
DEL 
DEL 
CDG 
FCO 
NBO 
KUL 
HKQ 
DXB 
SFO 
NBO 
CPH 
JNB 
JNB 
WAW 
JNB 
JNB 
CDG 
FCO 
CDG 
LCA 
CDG 
CDG 
AMS 
SXM 
JFK 
KUL 
KUL 
SXM 
CDG 
FCO 
CAI 
CDG 
LIS 
KUL 

CDG 
FRA 
DMM 
CDG 
NBO 
VIE 
MAD 
PTY 
CDG 
KUL 
NRT 
1ST 
LIS 
ATH 

FCO 
HEL 
AMS 
FRA 
LIS 
CDG 
CDG 
AMS 
BKK 
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G Photos of equipment and activities at KLM Cargo 

Figure 54: Belly wagon with airmail (KLM Cargo) 

Figure 55 Scanning maU with fingertip scanner (KLM Cargo) 

Figure 56: Sorting mail at sorter table (KLM Cargo) 
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Figure 57: Forklift truck (taken in FBI Dec '08) 

Figure 58: Spijkstaal or "Hond" (taken in FBI Dec '08) 
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Figure 59: Dolly with AKE on the weighbridge (taken in FBI Dec '08) 
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Required output 

H.1 Output of the simulation model 
In Table 33 the format of the output files of the EQ and airmail department for the base model 
are displayed. After the integration the characteristics of the small EQ are registered at the mail 
department as well and therefore output file wül be extended with some unique EQ 
characteristics. 

T a b l e 3 3 : ( J u t p u t o f e n t i t y d e t a i l s fo r E Q a n d m a i l d e p a r t 

Attribute 

Attribute 

Attribute 

Attribute 

Attribute 

Attribute 

Attribute 

Attribute 

Attribute 

Attribute 

Attribute 

Attribute 

Attribute 

Attribute 

Attribute 

Attribute 

Attribute 

Attribute 

Attribute 

Attribute 

Attribute 

Attribute 

Attribute 

Attribute 

Attribute 

Attribute 

Attribute 

Attribute 

Attribute 

Attribute 

Attribute 

Attribute 

Attribute 

Attribute 

Attribute 

Attribute 

Attribute 

Attribute 

Attribute 

Attribute 

Attribute 

Attribute 

Attribute 

Attribute 

Attribute 

Attribute 

Attribute 

Attribute 

Other 

entityjd 

product_type 

flow code 

AWB 

pieces_AWB 

weight AWB 

volume AWB 

origin 

destination 

incoming_carrier_code 

incoming_flightnr 

incomingATA month 

incomingATA_day 

incomingATA_hour 

incomingATA_minute 

outgoing_carrier_code 

outgoing_flightnr 

outgoingATD month 

outgoingATD_daY 

outgoingATD_hour 

outgoingATD_minute 

incomingULD_type 

incomingULD id 

outgolngUlD.type 

outgoingULOJd 

nr incoming ULD 

missed_booking 

eq_flightjndex 

final flight_index 

time actual ATA 

time incoming_lat at FB2 3 

time arrivaLst.temp.storage 

time arrival at BD 

time at bellywagon 

time collected 

time arrival_at weighbridge 

time arrival at transportation 

time arrival at_plane 

time arrival at FB2 3 

time_import_available_for pickup by customers 

time_processed cargo 

time of removal 

location removal 

nr AWBs on TULD 

STO month 

STD_day 

STD hour 

STD minute 

Replication number 

Entity [Mai! receptacle 

Attribute 

Attribute 

Attribute 

Attribute 

Attribute 

Attribute 

Attribute 

Attribute 

Attribute 

Attribute 

Attribute 

Attribute 

Attribute 

Attribute 

Attribute 

Attribute 

Attribute 

Attribute 

Attribute 

Attribute 

Attribute 

Attribute 

Attribute 

Attribute 

Attribute 

Attribute 

Attribute 

Attribute 

Attribute 

Attribute 

Attribute 

Attribute 

Attribute 

Attribute 

Attribute 

Attribute 

Attribute 

Attribute 

Attribute 

Attribute 

Attribute 

Attribute 

Attribute 

Attribute 

Attribute 

Attribute 

Other 

entityjd 

product_type 

flow code 

AWB 

pieces_AWB 

weight.AWB 

volume AWB 

origin 

destination 

incoming_carrier_code 

incoming^flightnr 

incomlngSTA_month 

incomingSTA day 

incomingSTA_hour 

incomingSTA_minute 

outgoing_carrier code 

outgoing_flightnr 

STD month 

STD.day 

STO_hour 

STO_mlnute 

incomingULD_type 

incomingULD id 

outgoingULD_type 

outgoingULDJd 

mail flight index 

final_flight_index 

tot volume destl 

tot volume dest2 

tot volume dest3 

carousel 

whole round 

time actual ATA 

time arrival at FBI mail department 

time_arrival_at_input 

time arrival switching_table 

time_arrival_carousel 

time arrival belly wagon along^carousei 

time collected 

time_arrival_at_weighbridge 

time arrival at transportation 

time_arrival_atj3lane 

timej)rocessed_cargo 

time of removal 

location removal 

missed_booking 

Replication number 

Table 33, Table 34 and Table 35 display the information from the simulation model on the flight 
details of both flight carrying EQ and flight carrying mail. 
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Table 34: Output of flight details for EQ department 
EQ flights 

Attr ibute 

Variable Array (2D) 

Variable Array (2D) 

Variable Array (2D) 

Variable Array (2D) 

Variable Array (2D) 

Variable Array (2D) 

Variable Array (2D) 

Variable Array (2D) 

Variable Array (2D) 

Variable Array (2D) 

Variable Array (2D) 

Variable Array (2D) 

Attr ibute 

Attr ibute 

Attr ibute 

Model variable or at t i rbute 

flight_index 

fl ight details 

fl ight details 

fl ight details 

fl ight details 

fl ight details 

fl ight details 

fl ight details 

fl ight details 

fl ight details 

fl ight details 

fl ight details 

fl ight details 

t ime_generation_dep_fl ight 

f l ight_departure 

departing_flight_destination 

Row 

eq_flight_index 

eq_flight index 

eq_flight index 

eq_flight_index 

eq_flight index 

eq_flight_index 

eq_flight_index 

eq_flight_index 

eq_flight_index 

eq_flight index 

eq_f l ight jndex 

eq_flight index 

-
-

column 

-
opened or closed fl ight 

T opening 

T_closing 

Volume storage yard 

Weight storage yard 

Nr_of pieces storage yard 

Nr_of_AWBs storage yard 

Nr of wagon required storage yard 

Volume total 

Weight total 

Nr_of pieces total 

Nr of AWBs total 

-
-
-

Table 35: Output of flight details for mail department 
Mail fl ights 

Attr ibute 

Variable Array (2D) 

Variable Array (2D) 

Variable Array (2D) 

Variable Array (2D) 

Attr ibute 

Attribute 

Attr ibute 

Attr ibute 

Attr ibute 

Model variable or at t i rbute 

flight_index 

fl ight details mail 

f l ight details mail 

f l ight details mail 

f l ight details mail 

t ime_generation dep flight 

f l ight_departure 

departing_flight_destination 

departing_flight_destination2 

departing flight destinations 

Row 

-
f l i gh t jndex 

f l i gh t jndex 

flight_index 

f l i gh t jndex 

-
-
-

-

column 

Volume storage yard 

Weight storage yard 

Nr_of pieces storage yard 

Nr of AWBs storage yard 

-
-
-
-
-

Table 36 displays the output file of the utili2ation rates of the employees at the freight building. 

Table 36: Output of resource utilization for both departments 
EQ department 

Scheduled utilization h r e q c h e c k e r 

Mail department 

Scheduled utilization hr mail unload 

Scheduled utilization hr_eq_bring_away Scheduled utilization hr_mail_scannrng 

Scheduled utilization hr_eq_break_down Scheduled utilization hr_mail_switching 

Scheduled utilization hr_eq_weigh_opening Scheduled utilization hr mail carousel EUR 

Scheduled utili ization hr_eq_weighbridge Scheduled utilization hr mail carousel ICA 

Scheduled util ization hr_eq_export_acceptance Scheduled utilization hr mail carousel USA 

Scheduled utilization hr_eq_tateral_sorter Scheduled utilization hr_mail_weighing_EUR 

Scheduled utilization hr_eq_lateral_driver Scheduled utilization hr_mail_weighing_intercontinental 

Scheduled utilization equipment_eq_weighbridge Scheduled utilization equipment_mail_weighbridge 
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IDEF-0 Diagrams 
In this appendix the AO diagram (Figure 60)of the current mail handling process is worked out in 
more detail. This description will follow the numbering of processes in the first decomposition 
of the AO-diagram (Figure 61). Per process the different sub-processes, transformations of input 
to output, required resources and controls will receive attention (For lower level diagrams, see 
appendix I.l). 

1.1 Mail department 

AO diagram of mail handling 
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Figure 60: AO diagram of mail handling, summarizing IDEF-0 diagrams of mail 
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Mail Signal of Terminal Bill of lading 
transportation layout 
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Bring in wagon 

Loaded 
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Figure 61: First decomposition of the AO diagram of mail handling 
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Al. Bring in Wagon 

At the mail department the cargo is brought in by the employees of the department itself (All) . 
The mail department is at this moment strictly separated from other activities. TNT, the Dutch 
postal company can pick up and deliver domestic mail to and from the platform at the airside of 
the terminal, because it has a distribution centre on the Schiphol premises itself The majority of 
the incoming mail will arrive at the airside of the FBI; an exception will be the mail arriving per 
truck at FBI (A2). Once the belly wagon with arrived mail is dropped off by T N T or by the 
transportation department at the airside of the terminal, the airmail employees can pick-up the 
mail with a Spijkstaal vehicle. The arrival pattern of the mail will resemble the flight schedule of 
the relevant planes, only a certain time later. 
Once there is room for a loaded belly wagon with incoming mail at the input locations besides 
the conveyor belts it will be positioned along the belt (A12). When the wagons are brought in as a 
train, it will be necessary to reposition the train before the unloading of a new wagon can begin. 

Bring in wagon from transportation lane 

Signal of 
transportation Temmial layout 

wagons at 
transportation 
platform A11 

Bring in string 
of wagons 

wagon in VG1 

A12 
Positioning 

Loaded wagon 

Loaded 
wagon 
beskjes belt 

Spijkstaal 
&HR mail A &HR mail A 

Figure 62: Mail activity Al in detaU: bringing in belly wagons from transportation 

A2. Unload truck & bring in load 

Trucks are arriving with mail from three other airports in Europe (Brussels, Frankfurt and 
Rotterdam) during the morning shift. In the morning shift a dedicated airmail employee will 
handle the acceptance and unloading of this cargo (A21). This cargo will be brought in batched 
on an ULD: this can be aviation pallets, roller cages or aviation containers. Sometimes it will be 
necessary to transfer loose bags onto an empty belly wagon. The unloading of mail is done at the 
landside at often at the E Q department, because the facilities to unload a truck are better over 
there. 
Once there is room for the ULD's at the input locations an employee of the mail department will 
retrieve the loaded wagons and will position them along the belt for offloading (A22). 
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Figure 63: Mail activity A2 in detail: Unload truck and bring in load 

A3. Offloading 
The wagons with mail are now located besides the entry points of the conveyor belt system (after 
activities A12 and A22), ready for unloading. In general the wagons wiU be unloaded according to 
the FIFO principle, but when the employees know that mail on a specific wagon has a short 
connection time the wagon will receive priority treatment. 
The unloading is in most cases done by one employee which takes the bag out off the wagon and 
places it on the moving belt, which wiU transport the bags to the employee with a scanner 
downstream. The same type of employee (HR Mail A) wiU remove the empty wagons form the 
input location and will bring it to the empty wagon storage (Figure 8, nr. 21) outside the terminal 
or besides the EUR carousel depending on the available space besides the carousel. 
Offloading 

Connection priority Terminal layout Belt design 

Loaded wagon 
besides belt A31 

Off-loading 
wagon 

Empty wagon 
besides belt 

A32 
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wagons 
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Mailbags 
on belt 

• 
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Empty wagon 
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In scan direction 

Spijkstaal & Conveyor belt I 
HR mail A 

Figure 64: Mail activity A3 in detail: Offloading of belly wagons at input location 

A4. Scanning 
The bag will travel to the employee with the scanner on the conveyor belt after it is put on there. 
The employee with the scanner (also HR mail A) will try to scan the UPU-label of the mailbag, at 
this point the process can continue in three ways. 
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When no label is on the bag or when the bag is damaged the bags are put in a special roller cage 
(A42). The bags which will end up in the roller cage are investigated at a special office by trained 
employees (HR mail C) in order to retrieve the destination of the bags. When the destination is 
determined a new label is put on the package and the bag is brought to the input belt. 
When the label is present and in a good state the employee with the scanner can scan the bag 
when it comes along on the conveyor belt. The collected information of the scanning of labels 
will be saved on the scanner. After unloading several belly wagons the employee with the scanner 
wiU have to bring in the scanner and upload the data in order to update the data in Trips for the 
electronic communication to the receiving airport handler. 
The third and last option to continue the handling is when the label is present, but cannot be 
scanned, this can for example be due to small damage or because is applied partly double folded. 
In this case the label is registered manually, which means that an employee will read out loud the 
information on the label through the headset. In the office this information is received and an 
employee in the office will make sure the information in saved in the database of Trips. 
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Figure 65: MaU activity A4 in detail: Scaiming of mail bags 

A5. Sorting 
The bags are transported to the sorting location after they are scanned and thus registered. At the 
sorting location the employee will look for the destination on the labels of the bags and will 
determine which of the three carousels has a wagon besides it designated for that destination. 
At the sorting location, employees are sitting along the belt besides a sorting table in the belt 
system (see appendix 0, Figure 56 p. 146). The bolt in the surface of the sorting table makes it 
easy to move the bags vertically. In this way he can push the bags to one of the three belts going 
to the one of the carousels after he has determined what the right carousel is. 
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Figure 66: Mail activity AS in detaU: Sorting of mail bags at the switching location 

A6. Offloading carousel 
Along the carousel there are employees walking from one end to the other checking the labels of 
the bags coming along on the carousel. They are matching the destination of the belly wagons 
besides the carousel with that of bags on the carousel. 
Most of the time the employees will wait between two belly wagons and put the bags with the 
same destination in the wagon one after another. But this strategy will not work properly when 
there is a small number of bags on the belt, in that case the employees should move more pro­
active along the belt matching bags and wagons. 
To be able to put mailbags in the belly wagons the wagons have to be placed along the carousel. 
This is done by the employee who is weighing the outgoing mail of that carousel. It is often 
possible to bring in empty wagons from outside during the same trip as the delivery of loaded 
departing wagons at a lane of transportation. 

Offloading carousel 

Bags on carousel 

Empty wagon 
from stock 

\ 
Matching *^' 
label and 

destination 

La 

/ 
Bags off 
carousel 

HRnn 

• 

«. 

be Wagon al 

• 
A62 

Transport to 
Empty slot 

ail E H 
s 

Rma 
pijkst, 

IF 
aa 

Wagon along 

ocabon 

A63 
Placing bag in 

wagon 

•& 

• 

Bags in 
designated wagon 

Figure 67: Mail activity A6 in detail: Offloading bags from the carousels 

A7. Weighing & transport 
A certain period before the departure of a flight the belly wagons along the carousel for that flight 
will be collected by the employee responsible for the weighing of the outgoing mail for that 
carousel. 
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In general the employee will collect a train of wagons, with a maximum of 6 wagons, which are all 
leaving around the same time. The wagons in the train can have different destinations. The train 
is moved to the weighbridge and all wagons are individually weighed. The weighed weight of the 
wagons is compared to the allotment, the reserved weight for mail in a plane, when these 
numbers are comparable the wagons are transported to a lane at the transportation department. 
The location of the train and the destinations of the wagons wiU be communicated with the 
transportation department by the driver. 
The employee collecting the train will have to take the gate of the corresponding flights into 
account. The wagons destined for the furthest gate, will be hooked on to the Spijkstaal vehicle 
first, followed by the second furthest and so on. In this way the drivers of transportation can also 
unhook the wagon at the end of the train on their way to the farthermost gate. 
Sometimes a wagon is collected even earlier than the normal period before flight departure. In 
those cases the allotment for airmail on that flight will be limited and the wagon for the 
destination is weighed and moved outside when the weighed is reaching the allotment. Other 
mail for that destination on will be put on a new wagon along the carousel and will have to wait 
for the next flight(s). 
The import mail will not be compared to an allotment, because the load will not fly. The import 
mail is transported via the airport platform to the TNT terminal at the airport grounds, "CAS" by 
HR Mail G. 
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Figure 68: Mail activity A7 in detail: Weighing and transport of departing mail bags 
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1.2 Equation department 
In this appendix the AO diagram (Figure 69) of the current E Q handling process is worked out in 
more detail. This description will follow the numbering of processes in the first decomposition 
of the AO-diagram (Figure 70). Per process the different sub-processes, transformations of input 
to output, required resources and controls wiU receive attention 
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Figure 69: AO diagram of EQ handUng, summarizing IDEF-0 diagrams of Equadon 
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{ ^ u t é 70: First decomponticm of the AO diagram of E Q handling 
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Al. Open belly wagons 

In the hall of the E Q department there are 144 possible positions for belly wagons, which can all 
be linked to a flight departing in the near future. The E Q products booked on this flight will be 
collected in the wagons. 
To make the collection of cargo in the belly wagons possible it is required to have a wagon at the 
storage yard which is linked to a specific flight. This is the responsibility of HR_EQ_A. He will 
put labels on the wagons stating the destination, flight number, and departing time. These labels 
wül have to be printed for the next departing flight, which are not yet linked to a wagon. A 
unique barcode is also placed on the label; with the barcode it is possible to identify the wagon 
with a scanner. 
When the label is ready the employee will walk to empty wagons (not dedicated to a flight yet) at 
the storage yard and will place the label on the wagon. After the label is placed the employee wiU 
use a handheld scanner to scan the wagon and link the empty wagon to a flight. From now on the 
wagon is allocated to a flight and the wagon will be available through the software (screen dump 
of wagon allocation at EQ, see appendix J) 
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Figure 71: EQ activity Al in detail: Open belly wagons 

Scanner 

A2. Export shipment acceptance 

When a customer arrives at the landside of FBI it will go into the office to confirm the booking. 
The KLM employee in the office (outside diagrams) will place a paper with a barcode ready for 
HR_EQ_B at the door for acceptance. 
HR_EQ_B will check the cargo of the customer and will label the packages with a barcode 
sticker. By scanning the barcode on the applied label on the package and the barcode on the 
paper (given by the employee in the office), the employee can link the available data in the 
warehouse software to the barcode on the package and in the display of the scanner the next 
location is showed to the employee. Now the employee can bring away the packages to the next 
location with a forklift truck. The next location can be a belly wagon at the storage yard, linked to 
a flight, or it can be a temporary storage location, when the belly wagon for the booked flight is 
not place and known yet to the warehouse software. At the new location the employee wül use 

lDEF-0 Diagrams 159 



Integration of the aitmajl and ecjuatitm operations at the KI-iM Ciargo terminal 

the scanner to scan the package and the barcode of the new location and link the two to each 
other. 
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Figure 72: E Q activity A2 in detail: Export shipment acceptance 

A3. Breakdown & cargo check 

Cargo coming out of an airplane will be brought into FBI by the transportation department at 
the EQ department. The cargo can be on different carriers, from belly wagons to large aviation 
paUets. 
At the breakdown area, employees will unload the cargo, sort the cargo and place the cargo per 
shipment on Euro pallets. When a shipment is too large to be put on one paUet more paUets will 
be used. Shipments consisting out of one box or a couple of very small boxes wül be placed 
together on one paUet. This paUet with miütiple shipments wiU be sorted by the forklift driver 
bringing away the paUets from the breakdown. 
But before the cargo is taken to the next location it will be necessary to count the packages and 
check whether the shipment is complete and not damaged. This job wül be performed by the 
HR_EQ_D "checker"; this employee wiU also be responsible to plan the break down process. 
Sometimes a shipment wiU get priority because of a short connection window. When the 
shipment is complete a label with a barcode is put on one of the packages of the shipment. 
When the load of a wagon is primarily from one large shipment the "checker" can decide to leave 
this shipment on the wagon and send the wagon to the BOB (see main report Figure 8, nr 8) 
location, where wagons which are loaded with cargo and are ready for the weighing process are 
stored temporarily. 
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Figtue 73: E Q activity A3 in detail: Breakdown and check of incoming cargo 

A4. Bring away sorted shipments 

When the cargo is sorted, counted, checked and labelled at the breakdown location a forklift 
truck driver wiU bring away the shipment to the next location. This location wiU be displayed by 
the scanner as soon as the FLT driver wiU scan the label applied by the "checker". The next 
location can be (Figure 8, p.31): temporary storage (Figure 8, nr. 8), BOB location (Figure 8, nr. 
6), belly wagons for lateral transport (Figure 8, nr. 11), beUy wagons at the storage yard (Figure 8, 
nr. 9), import (Figure 8, nr. 7) and directiy to weighing when the connection is tight. 
When the driver has placed the cargo at the next location the barcode of the location and 
packages are scanned again, linking them to each other in the warehouse software. 
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Figure 74: EQ activity A4 in detail: Bring away sorted shipments 

A5. Lateral transport 
There is lateral transport of cargo required between FBI and FB2&3. General cargo transported 
in the belly of a KLM plane will be put in the belly wagons at the storage location at EQ for the 
transportation to the plane. This general cargo wiU come from FB2&3 towards FBI (A52. There 
is also a flow of cargo the other way around, from FBI to FB2&3 (A56. This flow wiU consist of 
general cargo which is placed on the same ULD as EQ shipments. This ULD wiU be broken 
down at EQ, but the general cargo on the ULD wiU be brought to FB 2 or 3 for the remaining of 
their journey to the final destination. 
This lateral transport is coUected on one side in FBI (Figure 8, nr. 11) and on the other side at 
FB2 and FB3. One employee of EQ wiU drive and transport trains of beUy wagons between the 
collection points (HR EQ G). The fuU wagons from FB2&3 will be placed besides the storage 
yard at EQ. From here one employee wiU drive away the cargo to its next destination. Again this 
destination is showed on the display of the scanner after scanning the barcode on the package. 
The employee (HR_EQ_F) wiü bring the shipments to the right location. Arrived at that location 
he scans the barcode of the packages and the location, in order to link them for the warehouse 
software. 
The employee which sorts out the lateral transit also checks the cargo at the temporary storage 
location, which was located there when the flight of the package was not "opened" yet, regvüarly 
in order to find packages which can be moved to a belly wagon at that moment. In this case the 
belly wagon for the flight is opened (by HR EQ A, Al) in the meanwhüe. 
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Figure 75: E Q activity AS in detail: Lateral transport 
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A6. Reposition empty wagons 

After the unloading of the beUy wagons (or ULD's), an empty wagon wiU remain. This wagon has 
to be repositioned to make room for new cargo arriving at the break down area. These empty 
wagons are in general used to fiU up the empty spots at the storage yard for beUy wagons. These 
empty spots are caused by the departure of beUy wagons to the planes. In the long run the 
arriving wagons from the planes wiU be equal to the number of wagons to the plane; otherwise 
there will grow a pue of beUy wagons somewhere. This does not have to imply that the amount of 
cargo on arriving and departing flights wiU be the same. 

The repositioning of the empty beUy wagons from the breakdown wül be performed by the by 
the FLT's drivers at the break down (HR type F). In case more wagons are departing than 
arriving, the weighing employee, which wiU bring away the fiül beUy wagons to transportation, 
wiU bring extra empty wagons from outside. 
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Figure 76: EQ activity A6 in detail: Repositioning empty belly wagons 

A7. Collect & weigh train 

The train with departing beUy wagons wiU be coUected (A71) as soon as aU the booked cargo is 
located in the beUy wagons at the storage yard or a specific time before the flight departure (90 
minutes). The employee will check whether there are beUy wagons with cargo at the BOB 
location for the coUected flights as weU. 
The employees wiU try to make a long train with a maximum of six beUy wagons. At E Q the 
employees wiU also take the sequence of detaching of the wagons at the gates into account, just as 
they do at the maü department. 
The location based software wiU warn the employee at the weighbridge that the pick-up time is 
coming close by changing the colour of the wagon in the overview screen (appendix J). 
The wagons wiU be weighed at the weigh bridge. To determine the weight of the cargo the weight 
of the beUy wagons should be deducted from the total weight. 
Most of the time the weighing at E Q is performed by two employees which are working together, 
one wiU reposition the train to make sure the right wagons is above the weighbridge. The other 
wiU read the weight and wiU register the measurements. 
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Figure 77: E Q activity A7 in detail Collect and weigh train of depart ing cargo 

Weighbridge 

AS. Distribution to cus tomer 

When a customer wiU arrive at the landside of the terminal to pick up arrived import cargo, the 
employee at the "Voorloods" wiU coUect the cargo from the storage for import cargo and hand 
over the cargo of the total shipment to the customer (A81). This action wiU be performed by the 
same employee which is responsible for the acceptance of export cargo at the landside, HR type 
B. 
At the "Voorloods" a FLT truck wiU often be used to load the cargo on the truck of the 
customer. The customer and the employee wiU check the state of the packages and determine 
whether or not the shipment is complete (A82). 
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Figure 78: E Q activity A8 in detail: Import shipment distribution 
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A9. Bring to transportation & bring in empties 

After the wagons are weighed (A7) the same employee wiU drive the train to the security check 
(A91). Here dogs wiU search the fuU wagons for explosive or dangerous goods. The employees 
and dogs performing the check are not part of the equation department. 
The weigh employee wiU be waiting untü the check is performed to continue the trip outside to 
the transportation department (A83). Now the wagon is at the lane for transportation waiting for 
the transport to the plane by the transportation department. 
The employee, which brings the wagons outside, can take empty wagons in from outside when 
there are emerging to much empty spots at the storage yard inside (A94). 
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Figure 79: E Q activity A9 in detail: Bring belly wagons to transportation via security 
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J Overview of belly wagons at EQ storage yard 
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K Flowcharts 
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Figure 80: Flowchart of mail operation 
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K.2 Equation operation 
Physical Flow chart EQ (Present situation) 
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Figure 81: Flowchart of EQ operation 
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K.3 Flowchart of integrated operations 
Physical Fkjw chart after Integration of Mall & EQ (Future situation) 

Dedteated wagon for one desenaMon 

[Caigoat 

- Shared Mail & Equatkm fkjw 

~ single Mail or Equatkin fkw 

[ I New processes or choices 

jCwgoin 
JVG20 

Arrival of cargo on < 

Figure 82: Flowchart of the future integrated operation 
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L Transformation of the conceptual models to the 
simulation 

In this appendix the logic of Arena and the transition from the IDEF-0 and flowcharts to the 
simulation model will be described using an example from the Arena model of FBI, shown in 
Figure 83. 

1 Logic 

I Action: 

Name: Typa 

|^J.lllJ^J•^•llLi•ll.!A•lll.^i.!J•^^illl!.^•l•^l•JJA^ T | |siandaid "3 

Priorî  

jSeize Delay Roiease 

Resources: 

SCffl 
<ETidci<ist> 

• 1 Add.. 

"31 

DHele \ 

DelwT»» 

{Eqxsssion 

Unit: 

_»] ISeramds 

Alocalion: 

_ J lvalue Added d 
Enpnojon 

|THIA(29.132.4,310) .TI 
17 Repnt StatMct 

I "* I 

Station process 

Type: 

_»J I N*Mï by CwKitiorJ 

EKpiettion. pteces_AWG > 20 
Eviesaon. [weight AWG/pieces AWB) > 35 
<Endofitt> 

Het> 

decision 

Ham 

Route Tine: UrHia: 

|TFIIA(1705241,5561 

Desbnelion TnJe; 

{Staliun 

^ 1 Seconds _ ^ 

Station Name: 

j j |eq be<y wagon locationt F w\ 

1 OK 1 ^^ I »* II 
1 1 

Large 
shipments 

I route 

Acceptance EQ export 

Figure 83: Example of Arena simulation 

In Figure 83 a possible model of the export acceptance at E Q is displayed as example. The 
entities representing mail or E Q wiU come in from the left at the "station" module and will flow 
over the connectors between the modules to the right side of the figure. After arrival at the 
station, the cargo will enter the process of the "unloading, labeling and the ready for carriage 
check" performed by the export acceptance employee. Afterwards it will be decided whether the 
shipment is "small" or "large". Some small shipment might need to be labeled with an LATA 
606(B) label; other small shipments wiU be placed on the new conveyor belt directiy. The large 
shipment will be brought to the belly wagon at the storage yard. 
When the flowcharts and IDEF-0 diagrams are compared to the Arena building blocks of Figure 
83 two similarities are observed. 

• The yellow square blocks are representing processes in the Arena model, just like the square 
blocks are representing processes in the IDEF-0 and flowcharts. 

• The diamond module in Arena is a choice module, in the flowchart decisions are also 
modelled with a block in the form of a diamond. 
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The comparison between the conceptual models and the Arena model shows the conceptual 
models can be used as a basis for the simulation model, nevertheless a more detailed explanation 
of the Arena building blocks will be required to explain how the decision criterions and required 
resources can be inserted in the Arena model. 

Building blocks in Arena 

The resources and equipment identified in the IDEF-0 diagrams will have to be linked to the 
corresponding processes in Arena as well to make the transition from the conceptual models, this 
is explained below. Furthermore, the way decision criterions can be inserted in the Arena 
modules wül be described. Finally the working of the modules used to move the cargo through 
the simulation is described: the station and route modules. 

Process-modules 
In the process module in Arena it is possible to insert the required resources and the process 
times for a specific process. In Figure 83 the interface to insert the required details of a process is 
showed. Via the interface it is possible to inserted process time distributions and claim a specific 
resource to perform the activity, in this interface one resource "hr_eq_export_acceptance" is 
claimed. Some processes might require more than one resource type (employee functions in 
reality) or might need several workers of one resources type; this can also be inserted via this 
interface. 
At the same time one resource type can be responsible for more than one process. It is possible 
to give one process a higher priority in this module. In this way processes which are crucial to 
make deadlines can be given a higher priority than the processes which can be easily postponed in 
reality. 

Decide-modules 
In the decide-module a choice is made based on the inserted decision criterions. The criterions 
are inserted via the interface showed in Figure 83. In the example it is showed how the division 
between the flow of large and small EQ shipments is made. When a cargo entity coming in at the 
decide module will fulfill the conditions of one of the three inserted lines it will be send to one of 
the three corresponding exits at the right of the decide modxole. When the entity does not fulfill 
one of the conditions, the shipments is send to the exit at the bottom of the decide module. 
In the same way the small shipments can be divided between IATA606(B) labeled AWBs and 
non-labeled AWBs in the next decide module. In this module the division is made based on a 
probability, which is calculated in sub-paragraph 6.6.3. 

Station and Route-modules 
The station and route modules are used to coordinate the flow of cargo through the simulation 
model of FBI. In the route modules the name of the next station for the cargo arriving at the 
route module can be inserted. The time required to travel to this next station can also be inserted. 
The use of route modules with a decide module make it possible to route specific shares of cargo 
flows through the simulation model. 

With this example the logic of the Arena simulation is explained. In the described modules it is 
possible to link specific resources and process times to processes. In this way the identified 
processes and resources from the IDEF-0 diagrams can be translated to the Arena model. The 
flowcharts are used primarily to map the flows of cargo and the sequence of processes now and 
in the future situation. The IDEF-0 diagrams identified the required resources for processes in 
FBI. In Arena the link between the process and resources is made as well and together with the 
inserted process times the program is able to calculate the utilization of the scheduled resources. 
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M Production data 

Sources 

Two sources for data were used, because the operations of airmail and EQ are registered in 
different software packages. The airmail data was retrieved from Trips and the EQ data is based 
on Cargoal, but was extracted out of Firda. 
For EQ the received data was all in one file, for the production data of mail from Trips several 
files had to be combined to result in an useful overview per mailbag. The relations between the 
used files can be derived from the Trips manual. Figure 84 displays the relations between the 
different files in Trips. 

L_FLIGHTS 

FUGHT ID 
FLIGHT STATUS CD 
DET AIRCRAFT TYPE CD 
OPE FLIGHT FULL NO 
:REGISTTiATK)N 
POSITKDN 
PLANNED LCL ARR DT 
ACTUAL LCL ARR DT 
PLANNED LCL DPT DT 
ACTUAL LCL DPT DT 
STATION LIST 
LAST UPDATE DT 

mt 
char<1) 
char<6) 
char<7) 
char<6) 
chai<4) 
smalldatetime 
smalldatetime 
smalldatetime 
smalldatetime 
wrchar(40) 
datetima 

<Dk> 
<lk1> 
<«<2> 

L RECEPTACLES 

RECP ID 
STATE_IND_CD 
CONSGNTJD 
MAIL_CATEG_CD 
INB_FLIGHT_ID 
OTB_STRETCH_ID 
LOADUJD 
ACCOUNT_CD 
MAIL_TYPE_CD 
REASON_CD 
ORIG_OFFICE_PART_CD 
DEST_OFFICE_PART_CD 
MAIL_SUBCLASS_PART_CD 
OESP_YEAR_LAST_DIGIT 
DESP_SERIAL_NO 

i RECP_SERiAL_NO 
FINAL_IND 
REGJNSJND 
RECP_WEIGHT 
NO_OF_RECP 
INB_COM_FLIGHT_FULL_NO 
OTB_FLIGHT_FULL_NO 
COMPRESSJND 
LOCK_USER_ID 
EVT_DT 
EVENT_TYPE_CD 
CUSTOM E R_CD 
ALLOCATIONJND 

' ACTUAL_RECP_WEIGHT 
\ INB_STRETCH_ID 
ONGOING_ROUTE_INFO 
RECPJNVOICED 
RFC FNTTJY TYPF CD _ 

int 
smallint 
int 
cha(<1) 
Int 
int 
Int 
char(3) 
char(1) 
tinyint 
\archart6) 
\archart6) 
varchar(2) 
char(1) 
char<4) 
numeric(3.0) 
chai^l) 
char(1) 
numeric(9,1) 
smaitint 
char(7) 
char(7) 
char(l) 
smailint 
datetime 
smallint 
smallint 
chaitl) 
nume)ic(9,1) 
int 
varchart64) 
char<1) 
chartll . 

<Dk> 
<lk1> 
<lk4> 
<(k5> 
<lk10> 
<1k14> 
<1k6> 
<fk7> 
<fl<8> 
<lk9> 

<1k11> 
<)k13> 

L_OUTGOING_CONSIGNMENTS 

CONSGNT ID 
DATED STRETCH ID 
CONS NO 
LIST STRETCHES 
DEST OFFICE CD 
CONS TYPE CD 
STATE IND CD 
LOCK USER ID 
EVT DT 
EVT_TYPE_CD 

int <pk> 
int <tk3> 
int 
varchar(32) 
varchar(6) 
tinyint <ik1> 
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smallint <1k5> 
datetime 
smallint <fk4> 

L DATED STRETCHES 

DATED STRETCH ID 
FLIGHTJD 
RETURNED_MAIL_WEIGHT 
LOADU_WEIGHED_WEIGHT 
ORIG_AIRPORT_CD 
DEST_AIRPORT_CD 
HANDLER_CD 
FLIGHT_STATUS_CD 
OPE_FLIGHT_FULL_NO 
DIRECTION 
LCL_DPT_DT 
LCL_ARR_DT 
GMT_OFFSET_ORIG 
GMT_OFFSET_DEST 
CAPACITY_WEIGHT 
WEIGHT_C0RRECT10N 
RESERVED_CAPACITY_WEIGHT 
ALLOC_WEIGHT 
INFORMATION 
VALIDJND 
CAPACITY_VOLUME 
VOLUMECORRECTION 
OTB SCAN IND 

int 
int 
numeric(9,1) 
numeric{9,1) 
cliar(3) 
char(3) 
char(2) 
char(l) 
char(7) 
char(1) 
smalldatetime 
smalldatetime 
smallint 
smallint 
numeric(9,1) 
numeric(9,1) 
numeric(9,1) 
numeric(9,1) 
varT:hart64} 
char(1) 
numeric(9,1) 
numeric(9,1) 
char(1) 

<Dk> 
<lk3> 

<lk1> 
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STATE IND CD 
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MAIL WEIGHT 
ACTUAL NET WEIGHT 
DOLLY CART WEIGHT 
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EVT DT 
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MAIL_VOLUME 

iDt 
Int 
char(1) 
char(3) 
smallint 
\archart8) 
numenc{9,1) 
numeric(9,1) 
numeric{9,1) 
numeric(9,1) 
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datetime 
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Figure 84: Relation between data files Trips (Universal postal union, 2005, p.l7) 
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M.1 Coding schemes 
Table 37: The different coding schemes for products, used carousel, cargo flow and the different carriers 

Product type 
M21 
General cargo 
Priority 
SAL 

department 
EQ 
EQ 
Mall 
Mail 

code 
1 
2 
3 
4 

Carousel [department j code 
EUR carousel 
USA carousel 
ICA carousel 

Mall 
Mail 
Mail 

1 
2 
3 

Cargo flow jdepartmenf | code 
export 
transit 
import 
dwars-ln 
dwars-uit 

EQ & mail 
EQ & mail 
EQ & mail 
EQ 
EQ 

1 
2 
3 
4 
5 

The grey areas in the ULD coding scheme are displaying the three codes used for loose cargo. 

M.2 Characteristics of cargo entities 
Entity_id is an unique number added during the data transformation and is also used as input 
characteristic in order to simplify the retrieval of original data in the input file. 
Although mail has nothing to do with an AWB, the mail entities will have attributes referring to 
AWBs. This makes it possible to add up the for example volume characteristics of mail and E Q 
after the integration of the flows. Instead of AWB you should read Receptacle for the mail 
entities. 
The eq_flight_index and mail_flight index is an unique number dedicated to a certain flight, 
which makes it easier to link cargo with a flight. 
The carousel attribute is sending the collo to the right carousel. The attribute 
nr_AWBs_on_TULD is used to group export AWBs on an ULD after the generation. For export 
E Q no information is available on the load unit it arrived with. With an assumption those export 
AWBs coming in on an ULD are selected. The number of AWBs that should be grouped 
together is indicated by the value of this attribute. 

Assumptions 

Weight per mailbag 
The volume of airmail shipments is not registered, therefore the density of the different mail 
types are used to estimate the volume per mailbag. The density in combination with the weight 
per receptacle, which is known, can be used to approximate the volume of a shipment. 

• Letter mail 135 kg/m3 (135 applied for SAL) 

• EMS or boxes 115 kg/m3 (115 applied on other maü) 

Weight per E Q colic 
The average weight of a package is used for E Q AWBs when broken down to collo level in the 
simulation. Averaging the weight per collo reduces the effect of incidental heavy shipments. The 
incidental heavy collo, which should make the AWB a "large" shipment, will not be identified in 
the simulation. A whole shipment is considered large in case the average weight of the packages 
of a shipment is above the large shipment criterion 
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Export T U L D s 
The outgoing export ULDs which carries only one AWB with a volume of 8 m3 or larger are 
assumed to be T-ULDs. 

• This takes out almost all AKEs, AKHs, which is quite plausible because these smaller types 
are often used when cargo is build up on an ULD at EQ. 

• Export AW^s going out on the same ULD to the same destination are batched together 
when the date and time of arrival is identical. 

City codes 
KLM uses the airport codes in their operations to sort the mail and E Q . The postal companies 
are in general also using the airport codes to label the mail bags, but in some cases the city codes 
are out on the label. Trips will register city as well as airport codes, but this causes some 
confusion during the test runs, because some bags could not be send to the right carousel. No 
carousel information is linked with city codes. All city codes were replaced by an airport code. 

Flow division airmaü and EQ 

The division between the different flows of airmail is showed in a pie chart (Figure 85). For 
airmail the division is relatively simple and will be based on the number of bags. These numbers 
differ from previous percentages per flow (Table 3), because the export bags that wül be brought 
to the plane by T N T are taken out in this overview. 
For E Q the division is based on the number of AWBs. Pie charts for the future situation wiU be 
composed based on number of pieces, volumes and weight as well (sub-paragraph 6.6.2). 

Division of the different flows {% of all AWBs) Division of the different flows (% of all mailbags) 

Figure 85: Flow division for both E Q (left) and airmail (right) 

Entities characteristics 

The foUowing items were removed from the input file: 

• The AWBs buüd up at the implant of KLM at DHL, which are in the Cargoal data, but will 
never enter FBI. In total 807 AWBs were taken out of the input for the simulation 

• The compressed maü data, which represents the airmaü coming in from T N T and wiU not 
enter FBI. 
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rabte38jCha 

Attribute 
Attribute 
Attribute 
Attribute 
Attribute 
Attribute 
Attribute 
Attribute 
Attribute 
Attribute 
Attribute 
Attribute 
Attribute 
Attribute 
Attribute 
Attribute 
Attribute 
Attribute 
Attribute 
Attribute 
Attribute 
Attribute 
Attribute 
Attribute 
Attribute 
Attribute 
Attribute 
Attribute 

ractenstics of mail receptacle anc 

entityjd 
product_type 
flow code 
AWB 
pieces_AWB 
weight_AWB 
volume AWB 
origin 
destination 
incoming_carrier code 
incoming_flightnr 
incomingATA_month 
incomingATA_day 
incomingATA_hour 
incomingATA_minute 
outgoing_carrier code 
outgoing;_flightnr 
outgoingATA_month 
outgoingATA_day 
outgoingATA_hour 
outgoingATA_minute 
incomlngULD_type 
incomingULDJd 
outgoingU LD_type 
outgoingULDJd 
eq_flight_index 
carousel 
nr AWBs on TULD 

i-ntitv 

Attribute 
Attribute 
Attribute 
Attribute 
Attribute 
Attribute 
Attribute 
Attribute 
Attribute 
Attribute 
Attribute 
Attribute 
Attribute 
Attribute 
Attribute 
Attribute 
Attribute 
Attribute 
Attribute 
Attribute 
Attribute 
Attribute 
Attribute 
Attribute 

Mail receptacle 
entity_td 
product_type 
flow code 
AWB 
pieces_AWB 
weight_AWB 
volume AWB 
origin 
destination 
incoming^carrier code 
incoming_flightnr 
incomingATA_month 
incomingATA_day 
incomingATA_hour 
incomingATA_minute 
outgoing_carrier_code 
outgoing_flightnr 
outgoingATA_month 
outgoingATA_day 
outgoingATA_hour 
outgoingATA_minute 
mail flight index 
carousel 
scan method 

M.3 Arrival and departure planning per Mail flow 
In this appendix the arrival patterns are derived from the input data. The arrival pattern is not 
adjusted for the transportation time to FBI. In the simulation the transportation time is added 
after flight arrival and before flight departure. 

Distribution of departures of export airmail Sept& Oct'OS 
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tffi tzzi 
• Departures 

1 2 3 4 S 6 7 8 9 10 11 12 13 14 IS 16 17 U 19 20 21 22 
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Figure 86: Histogram of the departure pattern of export mail over the day 

176 Production data 



iune 2009 Master thesis Ci. van Arasiel 

Distribution of arrivals and departure of transit airmail Sept& Oct'08 
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Figure 87: Histogram of the arrival and departure pattern of transit mail over the day 

Distribution of arrivals of import airmail Sept 8t Oct'08 
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Figure 88: Histogram of the arrival pattern of import mail over the day 

M.4 Arrival and departure planning per EQ cargo flow 
Distribution of arrival and departure of export EQSept 8i Oct '08 

• Departure 

Figure 89: Histogram of the arrival and departure pattern of export EQ over the day 
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Distribution of arrival and departure of transit EQSept & Oct '08 
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Figure 90: Histogram of the arrival and departure pattern of transit EQ over the day 

Distribution of arrival of import EQ Sept 8i Oct "08 
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Figure 91: Histogram of the arrival pattern of import EQ over the day 

Distribution of arrival and departure of lateral EQ coming in Sept & Oct "08 
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Figure 92: Histogram of the arrival and departure pattern of lateral incoming EQ over the day 
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Distribution of arrival and departure of Lateral EQgoing out Sept 8c Oct '08 
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Figure 93: Histogram of the arrival and departure pattern of lateral outgoing EQ over the day 
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N Supplement on used Flight schedules 

N.1 Estimating the difference between actual and scheduled flight 
times for mail flights 

The actual arrival and departure times are not available for the mail department, but are essential 
for a realistic arrival of mail at FBI and for a realistic departure of mail from Schiphol, as is 
explained above. Therefore, the actual times at the mail department are estimated by adding a 
correction factor to the available scheduled time. The correction is made by adding up the 
estimated time difference between the scheduled and actual times and the transportation time 
between FBI and the plane. For every mail flight this time difference is randomly taken from a 
probability distribution based on the difference between the actual and scheduled times at the E Q 
department. 
The resulting probability distribution is different for the arriving and departing flights. Departing 
flights will in general not depart before the scheduled departure time, whether arriving flights can 
either be earlier of later than scheduled. The analysis of the difference is displayed in appendix N. 

N.2 Probability distribution of the difference between STA-ATA and 
STD-ATD 

The estimation of the probability density function for the time difference between STA and ATA 
and between STD and ATD is based on data available for all E Q flights. A large number of data 
points are available. Some time differences were very large or negative, which indicates possible 
outliers. In order to take the outliers out the data point of the top and bottom 5%-percentile of 
the time difference are taken out. 

The remaining flights were analyzed with the Arena input analyzer. This analysis results in a 
normal distributed difference between ATA and STA. The difference is normally distributed with 
a mean of— 5.91' minutes and a variance of 15 minutes. 

•»My«-W«—i—y»-* I I "'II I" .imMimt^^m^^amm^^ n i ^mmm^-mn>^^ 

.'''';"*|" ''tUtcttaUni •«••cr 

étmtaneum MMaM .':..:' ';-' 
tiiMMioa: mB«(-5.9i, 15) :•.,:::::';'•. •.:;.:,:; 
Ijmirf Error! 0.000535 '• 'i .'''•,:•• 

F i g u r e 94: A r e n a input analyzer resu l t s for t h e difiference b e t w e e n A T A a n d S T A 

The remaining data points for the outgoing flights were analyzed in Microsoft Excel and used to 
compose a triangular distribution for the flight departure. This distribution is easy to explain and 
has a finite range, which was more convenient for implementation in the simulation model. 

^ A negative mean implies the A T A o f the flights at Schiphol is on average earlier than the STA 
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dif. STD-ATD 1 time ( 
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Figure 95: ProbabiUty density function of the difference between STD and ATD 

The analysis results in a normal distributed difference between STA and ATA and a triangular 
distributed difference between STD and ATD. The normal distribution for arriving maü flights is 
added to the transportation time from the plane to FBI and the triangular distribution of the 
departing flights is added to the transportation time from FBI to the plane. In this way a negative 
time difference can be inserted in the flow of cargo, inserting a negative route time in Arena is 
not possible. Therefore the minimum route time for the transportation time corrected for the 
scheduled and actual difference is nuU seconds. For example the route time to FBI for maü 
arriving from an European destination = MX((TRIA(18, 30, 50) + Norm(-5.91, 15)),0.0001). 

N.3 Characteristics of flight entities 
In Table 39 the format of the maü flight input file is shown as an example. For E Q the file is 
extended with the ATD for departing flights with E Q and the ATA for arriving flights is 
replacing the STA for E Q flights. 

Table 39: Characteristics arriving and departing flight with mail entities 

Departing flight with mail 

Attribute 

Attribute 

Attribute 

Attribute 

Attribute 

Attribute 

Attribute 

Attribute 

Attribute 

Attribute 

Attribute 

fliglit_outgoing_carrier_CQde 

flight_outgoing_flighitnr 

STD month 

STD day 

STD hour 

STD minute 

mail_flight_index 

departing_flight_destination 

departing_flight_destination2 

departing_flight_destination3 

Arriving flight with mail 

Attribute 

Attribute 

Attribute 

Attribute 

Attribute 

Attribute 

Atrribute 

incoming_carrier_code 

Incoming^flightnr 

incomingSTA_month 

incomingSTA_day 

lncomingSTA_hour 

lncomingSTA_minute 

Overlap in outgoing flights 
The outgoing mail routes are registered individually per mailbag (receptacle). Sometimes these 
routes WÜ1 include next trajectories; therefore one outgoing flight can be modeled multiple times. 
In this case the flight is modeled once with only the first destination and once or more times with 
the first destination and ongoing destinations. In this way aU destinations served by the KLM are 
modeled and the fuU network possibilities are modeled. The overlap in outgoing flights wiU not 
influence the performance indicators used in this simulation study, because: 

• The actual cargo loaded on a specific plane is not a subject of this study and therefore it wiU 
not matter if flights pass the simulation model more than once. Cargo can only be pick-up 
once and it is made sure that the arrival and departure times of the overlapping flights are 
identical (even when estimating the actual times). 
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o 
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• in the base case the overlap in the outgoing maü flights otdy involves the maü department. 
The overlap in flights wiU not resiüt in more work for employees at the maü department. At 
the maü department the flights wiU not be opened one by one and therefore the number of 
outgoing flights is not a driver for the workload of an employee. In the integrated situation 
no flight are opened at EQ, only wagons are opened per destination of the cargo, therefore 
the extra flights wiU not influence the workload of the EQ operation in the integrated 
situation. 

N.4 Arrival and departure pattern of flights with Mail 
The overlap between the departing flights with airmaü has been taken out for the composition of 
these histograms. 

Distribution of flight arrivals with airmail in Sept & Oct '08 
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Figure 96: Histogram of the arrival pattern of flights with mail over the day 
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Figixre 97: Histogram of the departure pattern of flights with mail over the day 
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N.5 Arrival and departure pattern of flights with EQ 

The histograms are based on the scheduled arrival and departure times of flight carrying EQ. 
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Figure 98: Histogram of the arrival pattern of flights with EQ over the day 
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Figure 99: Histogram of the departure pattern of flights with EQ over the day 
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O Supplement process times estimation 
Time measurements were performed for all processes in the operation identified during the 
conceptualization. The time measurements were all taken by one measurer and the moment to 
start and stop the stopwatch were applied consequently. 
For all process the drivers for occurrence of the process were identified beforehand and validated 
while measuring times in FBI. Some duration of processes were expected to be correlated with 
the value of an independent driver. In case a correlation was expected, the values of the 
independent variable were also registered. For example it was expected that weighing one belly 
wagon will take less time than weighing five. 
When walking around measuring process times raised good opportunities to ask questions about 
the processes to the employees. The period of collection of data in FBI was very useful in order 
to improve the understanding of the operations. 

Number of time measurements per process 
Due to the large number of different processes, the large duration of some processes and the low 
frequency of certain processes, it was hard to collect a large number of measurements for each 
process. In some cases only a couple measurements were obtained, which will have consequences 
for the estimation of the distribution. 

Reaction to measuring of process times 
There is a possibility that employees will perform their task in a different way than they are used 
to, because someone is watching or in this case measuring process times. This effect can be 
compared to the difference between revealed or stated preference surveys. It was tried to reduce 
this effect by emphasizing that the measurements would be used to determine their personal 
performance and that they should do their work just as they normally would do. 
For some processes it was possible to measure from a large distance. In this case the employee 
knew measurements were taken somewhere in FBI, but did not know when the measurements 
did involve him. 
Although the shortcomings of the measurements are apparent and should be interpreted with 
some caution, there are advantages of the measuring method: 
• All measurement were performed by one and the same person, which will ensure consistency 
• The measured activities were within eyesight of the person measuring, which does not require 

the transfer of data from employees to the measurer. Transferring data incorporates the risk 
of losing information. 

• Due to visibility on the performed activities it was possible to take out irregularities 
immediately. For example when an employee was breaking off his action to drink coffee the 
measuring was stopped. 

• For the processes which are influenced by the integration a large number of measurements 
were taken. For the processes that will not be influenced by the integration, the resulting bias 
is present in both situations and will have a relative limited influence on the comparison 
before and after the integration. 

Supplement process times estimation 
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0.1 Time measurements mail operation 

Time measurements unloading 

1 
4 
5 

12 
2 
3 
6 
7 
9 

10 
11 
13 
8 

1.2 Unload & scan 
1.2 Unload&scan 
1.2 Unloads scan 
1.2 Unload & scan 
1.2 Unload & scan 
1.2 
1.2 
1.2 
1.2 
1.2 
1.2 
1.2 
1.2 

Unload & scan 
Unload & scan 
Unload & scan 
Unloads scan 
Unload & scan 
Unload & scan 
Unload & scan 
Unload & scan 

1 
1 
1 
1 
2 
2 
2 
2 
2 
2 
2 
2 
3 

189 
62 
91 
31 
52 
26 
32 

299 
57 
67 

233 
49 
68 

Time exc! stops (s) 

344 
213 
134 
170 
120 
140 
898 
185 
160 
653 
175 
170 

Total invested time (s) 

344 
213 
134 
340 
240 
280 

1796 
370 
320 

1306 
350 
510 

Time per bag (s) 

5.5 
2,3 
4,3 
6,5 
9,2 
8,8 
6,0 
6,5 
4,8 
5,6 
7,1 
7,5 

RSniRH 
1 
1 
1 
2 
3 
7 
8 

11 
11 

1.3 Move train during unloading 
1.3 Move train during untoadinq 
1.3 Move train during unloading_ 
1.3 Move train during unloading 
1.3 Move train during unloading 
1.3 Move train during unloading 
1.3 Move train during unioadinq 
1.3 Move train during unloading 
1.31 Move train during unloading 

^ • n R E I B I 
10 
25 
45 
27 
20 
20 
15 
15 
17 

average 
minimum 

mode 
maximum 

21,6 
10,00 
10,00 
45,00 

1 
2 
3 
4 
5 

1.4 Bring away waqon 
1.4 Bring away wagon 
1.4 Bring away wagon 
1.4 Bring away wagon 
1.4 IBring away wagon 

1 115 
1 90 
1 60 
1 150 
11 53 

average 

mode 
maximum 

87,7 
53,0 
eo,o 

150,0 

Time measurements scanning 

average 
minimum 

mode 
maximum 

6,0 
2.3 

averaoa 

average 
minimum 

mode 
maximum 

116.7 

BBIIIRH 
1 
2 
3 
4 
5 

2.3 Bring away wagon 
2.3 Bring away waqon 
2.3 Bring away waqon 
2.3 1 Bring away waqon 
2.3 iBring away wagon 

115 
90 
60 

150 
53 

87,7 
53,0 
80,0 

150,0 
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Time measiuements sorting 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 

i 
3.1 
3.1 
3.1 
3.1 
3.1 
3.1 
?-1 
9.1 
3.1 
3.1 
3.1 
3.1 
3.1 
3.1 
3.1 

SfHHP 
Sortmaüiags 
SortmëbWH 
SonmUbMi 
SortmattMua 

S^Jta. Solt mtfttiafls 
SartmaNbM» 

SortmaMMQ* 
SortmaUbo» 
Sortmaiban 
Sortmalbaai 
SoctmaWiam 
SortmallMui 
SortnuMbag* 

ie 
35 

3 
3 
5 

12 
2 
4 
2 

12 
72 
11 
21 
5 

17 
21 

^™| 
96 
12 
11 
30 
44 
11 
18 
11 
39 

136 
45 
55 
1» 
33 
54 

^ ^ ^ ^ ^ ^ ^ e l ï 
2.7 
4.0 
3,7 
6,0 
3,7 
5,5 
4,5 
5,5 
3,3 
1,9 
4,1 
2,6 
3,8 
1,9 
2,6 

average 3^ 
minimum 1 ^ 

mode 3,6 
maximum 6,1 

Time mieasurements carousel 

ISmiR^i^H 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
13 
16 
17 
18 
19 
20 

4.1 Match baawühwiaan 

MiWilMaaMiiMaon 
hMdi INB wHh «Mon 
MMoh IMD MMh wflBon 
MMohbMwNhwwon 
MHchbaawmwMion 
Malen bay wah waoon 
Match bag «WKMoon 

Match bnwHhvwian 
Match bMwHhwMon 
Match iMgwHharaoon 
Match bag wHh waoon 
Match bag with waoon 
Match tiag will i wagon 

^^nüffiKSiniRIBI 
2 
4 
2 
2 
2 
2 

2.25 
2 

3.5 
3 
1 

2.5 
5 
4 
2 
3 

average 2 ^ 
mbilmiim 1 ^ 

mode 1 ^ 
maximum S^ 

-#-TRIA(1,1.9. 5) 
• - average 

Figure 100: Example of the triangular distribution based on the process time measurements 

3 
4 
5 
6 
7 

• 
» 

10 
11 
12 
13 
14 
17 
18 
19 

4.2 
4.2 
4.2 

*^ 
4.2 
42 
*2 
42 
42 
4.2 
4.2 
4.2 
4.2 
4.2 
4.2 

UntoadbaH 
UnkadbaH 

Untoadbalt 
U n M b l l 
UrtoadbaM 
UrteadbaK 
Unlcadbalt 
IMoadbalt 
Urtoadbalt 
IMoadbalt 
IMoadbalt 
IMowlbalt 
Unload belt 
Unload belt 

^^mümniiHsiEn 
3 
4 
7 
6 
7 
4 

12 
6 

10 
6 
3 

7.5 
5 

11 
7 

average M 
minimum 3^ 

mode 4,7 
maxknum %2fi 

MAN. Probability density function: Match bag with wagon 
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Time measurements weighing 

4 
6 
7 

5.1 Collecting string 
5.1 Collecting sWng 
5.1 ICollecting siring 

1 1 70 
1 2 85 
1 1 60 

average 71.7 
minimum 60.0 

mode 70.0 
maximum 85.0 

Count 
1 
3 
4 
5 

5.2 
5.2 

Activity ! # ftel ff of waqonsl Time (s) 
Weighing wagons (ind. canvas) 
Weighing wagons (incl. canvas) 

5.2'WeiqhJnq wagons (incl. canvas) 
5.2 Weighing wagons (incl. canvas) 

6i 5,2 Weiqtiinq wagons (incl. canvas) 
7 5.2 
8 5.2 

Weiqhinq waqons (incl. canvas) 
Weighing wagons (incl. canvas) 

5 
3 
2 
1 
2 
1 
1 

254 
168 
165 
25 

126 
80 
73 

average 127.3 
minimum 25.0 

mode 102.9 
maximum 254.0 

300 -, 

250 

_ 200 

1̂  150 

MAIL: Weighing of wagons 

-.̂  

• ^^ - ' •^y = 48.589X + 23.167 
^^y^ R2 - 0 8727 

• ^ 
• 

• Weighing time 

Unear (Weighing time) 

J 1 2 3 4 5 6 

NumtMr of wagons 

Figure 101: Example of linear regression analysis on the time measurements 

lasmsn 
4 
5 
6 

5.3|Retrleve documents 
5.3 Retrieve documents 
5.3 Retrieve documents 

1 
1 
0 

•:l>llUl:l>MiblBdliilJUI 
2 
1 
2 

245 
120 

0 
average 

Riinnii 
7 
6 
5 
3 
4 
2 

• 5.4 Bring to transportation lane 
5.4 j Bring to transportation lane 
5.4 Brinq to transportation lane 
5.4;Brinq to transportation lane 
5.4 
5.4 

Bring to transportation lane 
Brinq to transportation lane 

48 
50 
78 
89 

145 
160 

average 
minimum 

mode 
maximum 

95.0 
48.0 
77.0 

180.0 

4 
6 

8 
9 

S.SjReplace wagons at the belt 
5.5: Replace wagons at the belt 

S.SjReplace waqons at the belt 
S.sl Replace wagons at the t>elt 

^™ 1 
1 

2 
1 

63 
44 

118 
86 

average 98.2 
minimum 44.0 

mode 70.6 
maidmum 180.0 
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0.2 Time measurements EQ operation 

Time measurements "checker" 

ma 
2 
4 
7 

1.1 
1.1 
1.1 
1.1 

Plint aïckera/pfapw» bmidjown 

Print stJckm/prapmbraakdoMi 

75 
170 

118.5 
327 
178 
75 

116 
327 

1 
2 
3 
4 
5 
6 
7 
8 
9 

1.2 
1.2 
I J 
1.2 
1.2 
^2 
^2 
1.2 
1.2 

Count and check AWB's 
Count and chKkAWB's 
Count and ctwckAWB^ 
Count mdwcKAWB'» 
Count mtctwolcAVlWs 
Count and chwk AWB's 
Count and dwdcAWff* 
Count and ctwck AWB's 
Count and chw* AWB's 

1 
9 
5 
9 
3 

10 
5 
3 
6 

1 25 
377 
131 

109 
11 

208 
106 

180 
40 

701 
600 

1 140 
2271 830 

Time per load device (s) 

41.» 
27.6 
2O.0 
13.3 
70.1 

120.0 
4S.7 

138.3 

Time pi 

. 

. 
1.65 
3.64 
3.37 
5.66 

. 
3.66 

Time measurements "wegrijder" 

modo 
nuudmum 

S«.t 
13.1 
16.0 

138.3 

1.7 
3.5 
S.7 

25 

^ ! 

1 
6 
7 

22 
23 
29 
33 
36 
47 

9 

2.1 IBrino away load devicn 

2.1IBilng awaw load dwfica* 

2.1 
2.1 
2.1 
21 
21 
2.1 
2.1 
2.1 
2.1 
2.1 

Bring atMV load dwncas 
Bring away load davicas 
Bring away load davicas 
Bring away load d«/loes 
Bring away load dvnoas 
Bring away load davicas 
Bring away load davicas 
Bring away load davicas 
Bring away load davicas 
Bring away load devices 

^ ^ ^ ^ ^ ' e v l ÏÖ2I 

^ ^ ^ ^ B S 
« .na ta . 

Import 
Import 
Import 
Import 
Import 
Import 
import 
Import 
Imooit 
Import 

1 M 

l l O i 
110 

140 
100 
181 
180 
130 
148 
167 
150 
150 
96 

minimum 
mode 

maximum 

144.2 
96.0 

1SS.6 
181.0 

2 
3 

27 
34 
35 

2.1 
2.1 
2.1 
2.1 
2.1 

Bring away load davicas 
Bring away load davicas 
Brim away load davicas 
Bring away load davicas 
Bring away load davicas 

laiara 
lalaral 
lalaral 
lalaral 
lalaral 

29 
58 
58 
34 
56 

mode 
maximum 

47.0 
29.0 
54.0 
58.0 

Count I lActivity 
381 2.1 iBrina away load davioaa 

Destination! Time (s) 
refridgeratofl SIOJ 

constant HO 

11 
12 
13 
39 
43 

2.1 
2.1 
2.1 
2.1 
2.1 

Brim away load dwfioaB 
Bring away load davicas 
Bring away load davicas 
Bring away load davnas 
Bring away load davicas 

samalwllymgon 
aama iMlly «Moon 
sama iMly wagon 
sama tMHy vnoon 
sama Iwlly wagon 

76 
92 
73 
45 

170 
average 

mode 
maximum 

91.2 
45.0 
58.6 

170.0 
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18 
19 
26 
41 

2.1 
2.1 
2.1 
2.1 

Bring away load devices 
Bring away load devices 
Bring away load devices 
Bring away load devices 

storage 
stofaga 
storage 
storage 

80 
60 
49 

104 
average 73.3 

minimum 49.0 
mode 66.8 

maximum 104.0 

8 
10 
14 
17 
20 
21 
28 
30 
40 
42 
44 
46 
48 
49 
4 
5 

31 
32 
45 

2.1 Bring away load devices 
2.1 Bring away load devices 
2.1 Bring away load devices 
2.1 Brinq away load devices 
2.1'Bring away load devices 
2.1 Brinq away load devices 
2.1 Bring away load devices 
2.1 Bring away load devices 
2,1 
2.1 

Bring away load devices 
Bring away load devices 

2.1^ Bring away load devices 
2.1iBring away load devices 
2.1 
2.1 

Bring away load devices 
Brinq away load devices 

2.1: Brinq away load devices 
2.1 Brinq away load devices 
2.1 Brinq away load devices 
2,1 Brinq away load devices 
2.1 > Bring away load devices 

a 
4 

1 
1 
2 
8 
2 

2 

7 
5 
5 

2 
2 
4 

^^^^Q 

2 
4 

wagon 
wagon 
wagon 
wagon 
wagon 
wagon 
wagon 
wanon 
wagon 
wagon 
wagon 
wagon 
wagon 
wagon 
wagon 
wagon 
wagon 
wagon 
wagon 

17' 
310 
98 

222 
101 
72 

148 
84 

120 
230 
180 
130 
110 
104 
116 
54 

167 
156 
600 

1 average 140.8 
minimum 54.0 

mode 58.4 
maximum 310.0 

constant 57 

Time fneasurements breakdown 

1 
2 
3 
4 
5 
6 
7 
8 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 

3.11 Break down wagon/pallet 
3,11 Break down waqon/pallet 
3,1 Break down waqon/pallet 
3,1 Break down wagon/pallet 
3,1 Break down wagon/pallet 
3,1 Break down waqon/pallet 
3,1 Break down waqon/pallet 
3,1 Break down waqon/pallet 
3,1 Breai< down wagon/pallet 
3,1 Break down wagon/pallet 
3,1 Break down waqon/pallet 
3,1 Break down wagon/pallet 
3,1 Break down waqon/pallet 
3,1 Break down wagon/pallet 
3,1 Break down wagon/pallet 
3,1 Break down waqon/pallet 
3,1 Break down waqon/pallet 
3,1 Break down waqon/paHet 
3,1 Break down waqon/pallet 
3.1 (Break down wagon/pallet 

19 
51 
6 

14 
33 
64 
21 
42 
11 
8 

55 
165 
49 

160 
80 
3 

227 
35 

189 
16 

3 
3 
1 
3 
3 
2 
1 
3 
2 
3 
3 
3 
1 
3 
3 
2 
4 
2 
4 
2 

0 
1 
0 
0 
1 
1 
0 
2 
0 
0 
3 
5 
0 
3 
3 
0 
4 
1 
4 
0 

373 
300 
126 
81 

350 
276 
220 
530 
198 
75 

775 
1094 
245 
156 
960 
156 

1740 
328 

1013 
292 

1119 
900 
126 
243 

1050 
552 
220 

1590 
396 
225 

2325 
3282 
245 
468 

2880 
312 

6960 
656 

4052 
584 

Time measurements "Dwars" 

liHWIM 
1 
2 
3 
4 
5 
6 

4.1 Retrieve cargo from/bring cargo to VG2/3 
4.1 Retrieve cargo from/bring cargo lo VG2/3 
4.1 Retrieve cargo from/bring cargo to VG2/3 
4.1 Retrieve cargo from/liring cargo to VG2/3 
4.1 Retrieve cargo from/bring eaigoloVG2« 
4.1 Retrieve cargo irom/bring cargo to VG2/3 

3 
2 
3 
0 
2 
3 

0 
0 
0 
1 
0 
0 

2 
1 
1 
0 
1 
1 

530 
383 
575 
543 
290 
400 

average 453.5 
minimum 290.0 

mode 495.5 
maximum 575.0 
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Time measurements weighing 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
16 
17 

6.1 
6.1 
6.1 
6.1 
6.1 
6.1 
6.1 
6.1 
6.1 
6.1 
6.1 
6.1 
6.1 
6.1 
6.1 

Colecflng tnin 

Colactingtrain 
Coieding train 

Cdadingtraln 
Coaacüno train 
Colaclina train 

Colacling train 
Cotading train 
Colacling train 
Colacling train 
Cotadini train 

3 
5 
5 
6 
6 
3 
1 
1 
2 
2 
3 
5 
2 
1 
2 

• • • • • •^ 
390 
245 
320 
240 
146 
56 
80 

173 
88 

220 
185 
243 
20 

160 
avaraga I t M 

mInimiHn 20,0 
mode 185^ 

maximum 390,0 

1 »2 
62 
62 
62 
62 
62 
62 
62 
62 
6.2 
8.2 
6.2 
6.2 
6.2 
6.2 

WaMnoiMaana 
WaWikig wagons 

WaioMno wagon* 
Walahina wvflona 
WaiiMng waoon* 
WatahkHWMnn* 
Weighing wagon» 

Waighmg waoon* 
Waiohing wagons 
Walghing wagons 
Walghing waoon* 
TvsiuiNiKi waoone 
waigning wagon* 

3 
5 
5 
6 
6 
3 
1 
1 
2 
2 
3 
5 
2 
5 
6 

240 
210 
180 
200 
320 
156 
50 
28 

100 
92 

105 
225 
225 
510 
500 

avaraga 200,1 
minimum 20,0 

mode 225,0 
maximum 510,0 

11 6.3 iSecuritychecitwtthdogs i assumed to be equal to weighing | 

12 
13 
14 
15 
16 

6.4 
6.4 
6.4 
6.4 
6.4 

ring to lran*Da(talion Ian* 
ring to tranaDorlalion lan« 
ring to innapoitalion lana 
Iringtolranapcrtationlana 

Bring to transDortation lana 

630 
419 
217 
400 
170 

avarag* 367,2 
minimum 170,0 

mode Ml,* 
maximum 00,0 

avanga 44,2 

Time measurements "Weeg opening" 

I 1TI 7.1 lOpan waoon t praBai» «nvalapa I 24,4| 
average 24,4 

avafaga a1^7 
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Time measurements "Voorloods" 

^p^H 
2 
3 
4 
7 

8.1 
8.1 
8.1 
8.1 
8.1 

Unloading/Loading & check of export/import 
Unloadinq/Loadinq & check of export/import 
Unloadinq/Loadinq & check of export/import 
Unloading/Loading & check of export/import 
Unloadinq/Loadinq & check of export/import 

193 
120 
133 
310 

28 
average 

minimum 
mode 

maximum 

156,8 
28,0 

132,4 
310,0 

1 8,2 Brinq away export cargo 
2 8,2 iBnnq away export cargo 
3 
4 
5 
6 
7 

8.2 
8.2 
8.2 

Bring away export cargo 
Brinq away export cargo 
Brinq away export cargo 

8,2 Bring away export cargo 
8,2 i Bring away export cargo 

170 
556 
283 
290 
258 
400 
260 

average 
minimum 

mode 
maximum 

316,7 
170,0 
224,1 
556,0 

2 
3 
4 
5 
6 
7 
9 

10 
12 
13 
14 
15 

8.3 1 Retrieve import products for customers 
8.3 ' Retrieve import products for customers 
8.3 Retrieve import products for customers 
8.3 Retrieve import products for customers 
8.3 Retrieve import products for customers 
8.3 i Retrieve import products for customers 
8.3 
8.3 
8.3 

Retrieve import products for customers 
Retrieve Import products for customers 
Retrieve import products for customers 

8,3 Retrieve import products for customers 
8,3 : Retrieve import products for customers 
8.3 1 Retrieve import products for customers 

150 
75 

240 
160 
170 
90 

170 
80 

210 
170 
110 
130 

average 
minimum 

mode 
maximum 

146,3 
75,0 

123,8 
240,0 

8 
11 
12 
13 
14 
15 

8.4 
8.4 
8.4 
8.4 
8.4 
8.4 

Check departing cargo and release to customer 
Check departing cargo and release to customer 
Check departing carqo and release to customer 
Check^epartins cargo and release to customer 
Check departing cargo and release to customer 
Check departing cargo and release to customer 

30 
40 
30 
55 
50 
60 

average 
minimum 

mode 
maximum 

44;2 
30^ 

60,0 

4̂  
7 

16 

8.5 Retrieve dolly's 
8.5 Retrieve dolly's 
8.5 Retrieve dolly's 

71 8.6 Load dollies 
4! 8.6 Load dollies 

4dollVs 
1 dolly 
1 dolly 

474 
100 
65 

Average 

1AAP 80 
3 AKE& 1 AAP 628 

•ssa 

•üsa; 

118,5 
100 
65 

94,5 

80 
157 

Average 

7| 8.7 jTransport TMI-Ds between Voorloods and airside 
Average 260 

ISSIRI^i^H 
1 
4 
5 
6 
7 
8 
9 

8.8 
8.8 
8.8 
8.8 
8.8 
8.8 
8.8 

(Un)loadlng tnjck 
(Un)loading tmck 
(Un)loadlng tnick 
(Un)loadlng tnjck 
(Un)loading tmck 
(Un)loading tnjck 
(Un)loading tmck 

6 
^•iRmsn^^nBinsnniiBi 

536 
170 
133 
750 
234 
101 
129 

89,3 
170,0 
133,0 
187,5 
234,0 
101,0 
129,0 

average 
minimum 

mode 
maximum 

149,1 
89,3 

124,0 
234,0 
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0.3 Time measurements transportation department 
The distribution of transportation times will differ for the different gates at Schiphol. In general 
the intercontinental flights wül be loaded at gates E and F. The intercontinental destinations are 
located along the ICA and USA carousel, therefore there is a relation between the carousel and 
the gates used by the plane. This relation is used to estimate the distributions of the required time 
to transport the cargo to and from the plane. 

Measurements 
The time measurements are derived from a survey performed by the employees of the 
transportation department during their shift in January 2009. The time between the actual arrival 
time at the gate of the plane and the arrival of the cargo at FBI is registered. The loading and 
unloading of the cargo out of and loading into the plane are included in these measurements. 

Taking out outliers for transportation time distributions 
The performed analysis resembles the technique to estimate the process times for mail and EQ. 
A triangular distribution was composed based on the measurements as well. Nevertheless for the 
process time of transportation the top 5%-percentile and the bottom 5%-percentile was left out 
of the analysis, in order to leave out possible outliers. The measurements for transportation were 
performed by various employees and they did not leave out exceptions when measuring as was 
done measuring the process times. 

Table 40: T i m e measurements of cargo transportation from D-g 

0:00 
0:00 
0:00 
0:00 
0:00 
0:00 
0:00 
0:00 
0:00 
0:00 
0:00 
0:00 
0:00 
0:00 
0:00 
0:00 
0:00 
0:00 
0:00 
0:00 
0:00 
0:00 
0:00 
0:00 
0:00 
0:00 
0:00 
0:00 
0:00 
0:00 
0:00 
0:00 
0:00 
0:00 
0:00 
0:00 
0:00 
0:00 
0:00 
0:00 

0:12 
0:15 
0:18 
0:20 
0:20 
0:21 
0:23 
0:25 
0:25 
0:25 
0:25 
0:25 
0:25 
0:30 
0:30 
0:30 
0:30 
0:30 
0:30 
0:30 
0:31 
0:32 
0:33 
0:33 
0:34 
0:35 
0:38 
0:39 
0:40 
0:40 
0:40 
0:42 
0:43 
0:45 
0:46 
0:47 
0:50 
0:50 
0:53 
2:10 

ates to F B I ( E U F 

0:12 
0:15 
0:18 
0:20 
0:20 
0:21 
0:23 
0:25 
0:25 
0:25 
0:25 
0:25 
0:25 
0:30 
0:30 
0:30 
0:30 
0:30 
0:30 
0:30 
0:31 
0:32 
0:33 
0:33 
0:34 
0:35 
0:38 
0:39 
0:40 
0:40 
0:40 
0:42 
0:43 
0:45 
0:46 
0:47 
0:50 
0:50 
0:53 
2:10 

OTP 
ZRH 
KBP 
BCN 
DUB 
MXP 

LIS 
LIS 

MAO 
KBP 
LHR 
SVO 
CPH 

WAW 
DUB 
MXP 
CDG 
BCN 
MXP 
ARN 

WAW 
HEL 

MAD 
ZRH 
ARN, 
COG 

VIE 
CPH 
COG 
FCO 
PRG 
MXP 

1ST 
FRA 
CPH 
GVA 
FRA 
KBP 
SVG 
VIE 

Minimum 
Maximum 
Average 

0:18 
0:90 
0:32 
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Table 41: T i m e measurements of cargo tran 

1:14 
0:00 
0:00 
0:00 
0:00 
0:00 
0:51 
1:00 
0:00 
0:00 
0:00 
0:21 
0:22 
0:34 
0:37 
0:00 
0:00 
0:00 
0:00 
0:00 
0:00 

1:26 
0:17 
0:33 
0:33 
0:35 
0:39 
1:31 
1:40 
0:42 
0:45 
0:48 
1:11 
1:17 
1:29 
1:32 
0:57 
0:58 
1:06 
1:06 
1:13 
1:20 

sportation from E & F-gates to F B I ( 

0:12 
0:17 
0:33 
0:33 
0:35 
0:39 
0:40 
0:40 
0:42 
0:45 
0:48 
0:50 
0:55 
0:55 
0:55 
0:57 
0:58 
1:06 
1:06 
1:13 
1:20 

CGK 

YVR 
OAR 
ORD 

CAI 
SFO 

EWR 
GYE 
MNL 
LAX 
ICN 

AUH 
TPE 
NBO 
SIN 
JFK 
ALA 
DXB 
DOH 
HKG 
JFK 

3 

2 
3 
2 
3 
2 
2 
2 
3 
2 
3 
3 
3 
3 
3 
2 
3 
3 
3 
3 
2 

Minimum 
Maximum 
Average 

0:17 
1:13 
0:47 

Transportation time distribution 
The time measurements are used to estimate a triangular distribution of the process times. The 
estimation is executed similar to the estimation of the other process time distribution, as 
explained in 4.5.3. The only difference is the fact that the top and bottom 5%-percentile are 
considered outliers. 

Table 42: Distribution of transportation times to gate D and to gate E & F 
Carousel 1 

Min 

Mode 

Max 

Transport t ime 

18 

30 

50 

Probabil i ty 

0 

0.0625 

0 

Carousel 2&3 | Transport t ime Probabil i ty 

Min 

Mode 

Max 

17 

53 

73 

0 

0.036 

0 

.o 
n 
.o 
o 

Probability density function: Transportation of cargo to and 
from the plane 

0,07 
0,06 
0,05 
0,04 
0,03 
0,02 
0,01 

0 -^9r-

- Carousel 1 

Carousel 2&3 

80 80 

Figure 102: Triangular distribution of the transportation times between the gate and FBI 
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P Resources in the simulation 

P.1 Resources used in the simulation model 

Table 43: Mail employee functions modelled as resoiuces 
ResourcL ] Initial capacitv 

hr mail unload 

hr_mail_scanning 

hr_mail_switching 

hr mail carousel EUR 

hr mail carousel ICA 

hr mail carousel USA 

hr_mail_weighing^EUR 

hr mail weighing^lntercontinental 

Work schedule mail via alter modules 

Work schedule mail via alter modules 

Work schedule mail via alter modules 

Work schedule mail via alter modules 

Work schedule mail via alter modules 

Work schedule mail via alter modules 

Work schedule mail via alter modules 

Work schedule mail via alter modules 

0 
0 
0 
0 
0 
0 
0 
0 

Table 44: EQ employee functions modelled as resoiuces 
Initial capacity 

^^r_eq_checker 

hr_eq_bring_away 

hr_eq_break_down 

hr_eq_welgh_openlng 

hr_eq_weighbridge 

hr_eq_export_acceptance 

hr_eq_night 

h''_eq_lateral_sorter 

hr_eq_lateral_driver 

Work schedule EQ via aKer modules 

Work schedule EQ via alter modules 

Work schedule EQ via alter modules 

Work schedule EQ via alter modules 

Work schedule EQ via alter modules 

Work schedule EQ via alter modules 

Work schedule EQvia alter modules 

Work schedule EQvia alter modules 

Work schedule EQvia alter modules 

0 
0 
0 
0 
0 
0 
0 
0 
0 

Table 45: Equipment modelled as resources in the simulation 
i ,ipment eq & m.! ! ! ; • , , . 1 Initial capacity 

equipment_eq_weighbridge 

equipment_mall_weighbridge 

hr_mall_transport 

Fixed Capacitv 

Fixed Capacity 

Fixed Capacity 

1 
2 

Infinite 

The work schedules used in the Arena simulation are based on the new basis for the work 
schedules of the mail and equation department. Some slight adjustments were made in order to 
simplify the simulation or to give due weight to the flexibility of the deployment of resources. 

P.2 Work schedules mail 

Morning shift 
As said the basis for the work schedules in the simulation were the new work schedules of KLM 
Cargo. For the morning shift at the mail department this is the following schedule: 

Table 46: New momln); shifi schedule 

Import / incoming control (Registration) 

Import / Incoming control (Sorting) 

Europe 

Intercontinental 

Americas 

Import 

Export 

Trucks (loading / unloading) 

Quality/Irregularities 

Platfonn coordinator 

Total 

for m a i l 

4 

1,5 

5 

2 

3 

1 

1 

0 

1,5 

1 

20 

by KLM 

4 

1,5 

5 

2 

3 

1 

1 

0 

1.5 

1 

20 

Cargo 

4 

1,5 

5 

2 

3 

1 

1 

0 

1,5 

1 

20 

4 

1.5 

5 

2 

3 
1 

1 

0 

1,5 
1 

20 

T l * 

4 

1.5 

5 

2 

3 

1 

1 

0 

1,5 

1 

20 

I • i r fP'Sl 

4 

1,5 

5 

2 

3 

1 

1 

0 

1,5 

1 

20 

4 

1,5 

5 

2 

3 

1 

1 

0 

1,5 
1 

20 

yes 

yes 

yes 

yes 

yes 

yes 

yes 

no 

no 

no 

Total slmulatKl function* 16,5 16,5 16,5 16,5 16,5 16,5 16,5 
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This schedule was simplified, because some processes will not be simulated. This is the case for 
the functions "Import", "Export", "Tmcks", "Quality" and "Platform coordinator". The 
"incoming control" is divided in employees responsible for scanning and employees responsible 
for the unloading and movement of belly wagons around the input location. 

In the evening shift there is no employee scheduled for the function "import" in the basis 
schedule, but there will be import mailbags taken off the carousel. The number of employees 
scheduled for the functions "import" and "carousel USA" are combined in the simulation to 
facilitate the import process in the evening as well. The import wagons are positioned along the 
USA carousel, therefore the combination with these functions is the best option. 

The number of employees scheduled for the "sorting" (or switching in simulation model) 
function is rounded up towards 2 from 1.5. In the simulation it is not possible to work with half 
resources therefore it is rounded up towards 2. When the sorting function becomes critical in the 
process this assumption has to be evaluated. 

The weighing of departing belly wagons is also split off from the KLM Cargo schedule for each 
carousel. For the EUR carousel two persons are made responsible for weighing. One person will 
be responsible for both the ICA as the USA carousel, this employee is compensated with the 
number of employees along the USA carousel. This results in the following schedule: 

Total 17 17 17 17 17 17 17 

Evening shift 
The bases for the work schedules in the simulation are the new work schedules of KLM Cargo. 
For the evening shift at the mail department this is the following schedule: 

Table 48: N e w evening shift schedule for mail by KLM Cargo 
EVENING SHIFT 

Import / Incominq control (Registration) 

Import / incoming control (Sorting) 

Europe 

Intercontinental 

Americas 

Import 

Export 

Tmcks (loading / untoading) 

Quality / Irregularities 

Platform coordinator 

Total 

SU 

2 
1 

2 

1 

1.5 
0 

0 

1 

1 

0.5 

10 

MO 
2 
1 

2 

1 

1,5 

0 

0 

1 

1 

0,5 
10 

TU 

2 

1 

2 

1 

1,5 
0 

0 

1 

1 

0,5 

10 

WE 

2 
1 

2 

1 

1,5 

0 

0 

1 

1 

0,5 

10 

TH 

2 
1 

2 
1 

1,5 
0 

0 

1 

1 

0,5 
10 

FR 
2 
1 

2 

1 

1,5 

0 
0 

1 

1 

0,5 
10 

SA 

2 
1 

2 
1 

1,5 
0 

0 

1 

1 

0,5 

10 

yes 

yes 

yes 

yes 

yes 

yes 

yes 

no 

no 

no 

Total simulated functions 7,5 7,5 7,5 7,5 7,5 7,5 7,5 

In the evening schedule for mail handling the number of employees along the USA carousel is 
rounded up towards 2 from 1.5 for the same reason as mentioned for the morning shift, the 
simulation cannot work with half resources. When the workload of the employees along the USA 
carousel becomes critical in the process this assumption has to be evaluated as well. 

For the weighing process only one employee is scheduled for the EUR carousel, instead of two, 
because otherwise the employees along the belt were reduced to one, which seems very low. 
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Table 49: Number of mail employees scheduled in the evening ahift pet function 

hr mail unload 
hr mai scanning 
hr mal switching 
hr man carousel EUR 
hr_mall canxisal ICA 
hr ma) carousal USA 
hr mal weighlngLEUR 

1 
2 
3 
4 
5 
6 
7 
8 

1 
1̂  
1 
2 
1 
1 
1 
1 

1 
1 
1 
2 
1 
1 
1 
1 

1 
1 
1 
2 
1 
1 
1 
1 

1 
1 
1 
2 
1 
1 
1 
1 

• • 
2 

Total 9 9 9 9 9 9 9 

P.3 Work schedules Equation 
The KLM Cargo schedule for the EQ department is simplified as well. The functions "Per 
afgifte", "Koerier" and "Platform coordinator" are not modeled in the simulation. The functions 
that are used could almost be taken over one by one. Only some functions were split up into two 
separate functions in the simulation. 
One of the weighing employees in the base schedule was removed at the weighbridge and was 
made responsible for replacing belly wagons at the storage yard and providing the wagons with 
the right envelops and labels. The two employees responsible for the lateral cargo transportation 
and sorting were placed into two special functions, sorting the lateral cargo and transportation of 
the cargo between FBI and FB2/3. 

Morning shift 
The following new work schedule is used by KLM Cargo: 

Table 50: N e w morning shift schedule for E Q by KLM Cargo 

CHECKER 
WEGRUDER 
STAPELEN 
DWARSAJITZOEK 
WEEG 
VOORLOODS 
PER AFGIFTEN 
KOERIER 
PLATFORM COORDINATOR 
TOTAL 

2 
2 
3 
2 
3 
2 
2 
2 
1 

19 

1 
1 
2 
2 
2 
2 
2 
2 
1 

15 

2 
2 
3 
2 
3 
2 

2 
2 
1 
19 

2 
2 
4 
2 
3 
2 
2 
2 
1 

20 

0 0 
2 
2 
4 
2 
3 
2 
2 
2 
1 

20 

m i . 
2 
2 
4 
2 
3 
2 
2 
2 
1 

20 

ZA 
2 
2 
4 
2 
3 
2 
2 
2 
1 

20 

yes 
yes 
yes 
yes 
yes 
yes 
no 
no 
no 
no 

Total simulated functions 14 10 14 15 15 15 15 

Splitting Up the "dwars/uitzoek" and "weeg" results in the following schedule for the relevant 
functions: 

Table 51: N u m b e r of E Q employees scheduled 

hr_acLCh»<*er 
hr 8q_biing away 
hr eq_breal( down 
hr_eq_lateral drivef 
hr aq_lateral bring away 
hr aq_weigh opening 
hr ecLwalghbridge 
hr eq_export acceptance 

1 
2 
3 
4 
5 
6 
7 
8 

Total 

2 
2 
3 
1 
1 
1 
2 
2 

14 

in the morning shift per function 

1 
1 
2 
1 
1 
1 
1 
2 

10 

2 
2 
3 
1 
1 
1 
2 
2 

14 

2 
2 
4 
1 
1 
1 
2 
2 

15 

2 
2 
4 
1 
1 
1 
2 
2 

IS 

2 
2 
4 
1 
1 
1 
2 
2 

15 

2 
2 
4 
1 
1 
1 
2 
2 

15 

Evening shift 
The same changes are made to the evening shift schedule as for the morning schedule. KLM 
Cargo's schedule looks the following: 

Resources in the simulation 
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Table 52: N e w evening shift schedule for EQ by KLM Cargo 
EVENING SHIFT 

CHECKER 

WEGRUDER 

STAPELEN 

DWARS/UITZOEK 

WEEG 

VOORLOODS 

PER AFGIFTEN 

KOERIER 

PLATFORM COORDINATOR 

TOTAL 

ZO 

1 

2 

2 

2 

2 

2 

2 

2 

1 

16 

MA 

1 

2 

2 

2 

2 

2 

2 

2 

1 

16 

Dl 
2 

2 

4 

2 

2 

2 

2 

2 

1 

19 

WO 

2 

2 

4 

2 

2 

2 

2 

2 

1 

19 

DO 

2 

2 

4 

2 

2 

2 

2 

2 

1 

19 

VRIJ 

2 

2 

4 

2 

2 

2 

2 

2 

1 

19 

ZA 

2 

2 

4 

2 

2 

2 

2 

2 

1 

19 

yes 

yes 

yes 

yes 

yes 

yes 

no 

no 

no 

no 

Total simulated functions 11 11 14 14 14 14 14 

This results in the following schedule used in the simulation: 

Table 53: Number of E Q employees scheduled in the evening shift per fimction 
Funct ion evening 

hr eq_checker 

hr eq_bring away 

hr eq_break down 

hr eq_lateral driver 

hr ec|_lateral bring away 

hr eq_woigh opening 

hr ecLweighbridge 

hr ecLexport acceptance 

row number 

1 

2 

3 

4 

5 

6 

7 

8 

sun 

1 

2 

2 

1 

1 

1 

1 

2 

mon 

1 

2 

2 

1 

1 

1 

1 

2 

tu 

2 

2 

4 

1 

1 

1 

1 

2 

wed 

2 

2 

2 

thi i 

2 

2 

2 

fri 

2 

2 

4 

1 

1 

1 

1 

2 

sat 

2 

2 

4 

1 

1 

1 

1 

2 

Total 11 11 14 14 14 14 14 

P.4 Night shift and breaks 
Other characteristics of the schedule of the employees in FBI are listed below: 

• The employees at FBI work in two shifts, one morning shift from 6:00 to 14:30 and one 
evening shift from 14:30 to 23:00. 

• In the simulation model the employees at the weighbridge at mail and E Q are not taking a big 
break of an hour simultaneously. This represents the responsibilities and the planning of 
these employees in reality, because they will prepare the cargo for departing flights leaving 
during their break in advance, they will make sure deadlines are met even during their break 
period 

• It is assumed that the moments and duration of breaks are identical for both departments. 
The moments and duration of the breaks was observed during the time measuring in FBI, 
the operational management thinks the measured breaks are longer than the official allowed 
breaks. The breaks observed in FBI are used to simulate the operations. 

• The night shift at the E Q department has been removed at the end of 2008. The cargo 
arriving at night will be brought to FB2&3. Here a night shift is working anyhow and they can 
breakdown the cargo and make sure the E Q will make the flights at night. The E Q which will 
not fly at night will be brought to the E Q operation in the morning as lateral incoming cargo. 
In the integrated structure the handling of E Q cargo at night is done at FB2_3, nevertheless 
the model works with a nightshift in FBI. In the simulation model 5 employees executing the 
most crucial tasks, resembling the situation in September and October 2008. In Table 54 the 
scheduled number of employees at night for E Q is displayed. 

Table 54: Work schedule night shift at EQ 
Funct ion night 

hr_eq_checker 

•hr eq bring away 

hr ecLbreak down 

hr eq_weigh opening 

hr_eq_weighbridge 

hr eq_export acceptance 

hr eq_lateral bring away 

hr ec|_lateral driver 

all days 

1 

1 

1 

0 

1 

2 

0 

0 
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Q Simulation model description 

Q.1 ULD transition structure of the simulation model 

O 

I 

Export 
acceptance 

C3 
- > • Bd^r wagon» 

y ' Temporary . ' 
^ I storafc ' I 

-^ I 

Lateral ca^o from F2/3 to FBI 

(A)Ftom y 
breakdown >l 

mnwn 

o 

We^hln i 

A M i c 
acceptance 

i -^ i 

<3 < 3 0 -C3 
~ ^ Flows to 

temporary itoraf e 
(A), beRy wagons 
(»andFB2_3|C) 

->AWB 

- > Palet (diiplcates) -^ CO» k ^ '""•"'«• U-J 
{C)From -

Breakdown-

Transportation 

<3i 

<3: 

Figure 103: Transition structure between the düFerent load carriers 

Import release 

,5. 
r — — — — • 

CarfotoFB2_3 
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Q.2 Deadlines prior to the scheduled flight departure of cargo 

Mail deadlines Flight departure STD ATD 

Deadline at transportation - 60 min 

Latest time to start weighing-75miri 

Latest acceptance of export Mail - 90 min (50 min first flight), 

Guaranteed connection-140 min 

Open ing of belly wagon - Not applicable for mail 

EQ deadlines Flight departure STD ATD 

Deadline at transportation - 60 min_ 

Latest acceptance of export XPS - 90 min, 

Latest time to start weighing-90rnin 

Guaranteed connection -180 min 

Openingofljelly wagon -24 hour 

Figure 104: Deadlines prior to the flight departure for mail and EQ 

Q.3 Change of the link between cargo and a specific flight 
Currendy, the Link between E Q and arriving flight is based on the arrival time at Schiphol (Figure 
105, orange arrows). The cargo is linked with the departing flight on flight index for E Q (Figure 
105, red arrow); this is the flight of the booking of the cargo. 
In the future the departure of the E Q leaving FBI will be made on the basis of destination codes 
(Figure 105, blue arrows). This wiU work according to the FIFO-principle, as soon as the cargo is 
waiting along the carousel it can be put on the first flight to its destination, this does not have to 
be a specific flight. 
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Q.5 Comparing KLMs Performance indicators with the model output 
For mail and E Q the performance indicators are registered per week in management reports. 
Although these values seems material which can be use dot validate the performance of the 
model, it has to be concluded that that these KPI's used by KLM Cargo are not comparable to 
the simulation outcomes. The following aspects are the causes of the difference between the two: 

• The E Q cargo that did not made the first flight will probably be rebooked. The rebooking 
changed the initial data in Cargoal and this enlarged the time KM Cargo had to handle the 
cargo. All shipments in the Cargoal database should make the flights, because it is derived 
from the real flight information. Cargoal will not register the initial reservation. 

• The mailbags that will be send back from the plane will go into the process again. The already 
registered mailbags will be processed again and the data in Trips will be overwritten by the 
new times. This implies that the data in Trips has a better performance than the performance 
is in reality. 

• As has been noticed during the construction of the model and the input files, there are some 
cargo flows which are registered in Trips and Cargoal but do not enter FBI at any time (DHL 
ULDs and export mail of TNT). These flows skip FBI on their way to the plane, but will 
contribute to the performance indicators of KLM, while these are derived from Trips and 
Cargoal as well. In the model input these flows are taken out of the simulation of FBI as is 
reflecting reality. Nevertheless the performance of only the cargo that passes FBI might be 
better or worse than the values of the performance indicators of KLM Cargo 
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R Minutes interview and meetings 

R.I Interview J.J.G. Maarschalk 

Date: 22 /9 /2008 
Attendance: JJ.G. Maarschalk (Senior sales manager) and G. van Amstel 

Criteria for carrier choice 
1. On what criteria will customers base their carrier choice? 

• quality (network, handling, do what you promise) 

• image (feeling, Dutch have a hands-on mentality , French can do it tomorrow) 

• price 

• knowledge/professional (SC knowledge, market developments) 

• parmers in the industry (month-to- month advertisement) 

• frequency (daily) 

• network 

• type of cargo (freighter only (Dangerous goods), odd sizes) 

2. What are services are desired by customers? 

• After sales/customer service (enquiries, information on connections, suggesting alternatives) 

• Frequent conference calls 

3. How will customer demand change for the future? (e.g. T&T) 

• T & T will become a requirement 

• Electronic billing 

• Cardid - between sending postal office to receiving postal company, and copy to carrier 

• After scanning Restid to the postal office which send the mail 

• Local operational employees using for customer service 

Customer loyalty 
4. How big is customer loyalty for mail? 

• The loyalty is decreasing, the offered network, the required time to transport the mail and the 
costs are becoming more decisive in the choice of the carrier. 

5. Is performance important or will loyalty be based on the relation between the sales managers? 

• Both, but it is certainly important to perform well in busy periods due to seasonal effects. 
This results in loyalty for the quiet periods as well. 

6. Did the increased costs for air transport result in a decrease in cargo for KLM Cargo? 

• No, because the demand for airmail is present anyhow. Seasonal effects are causing 
fluctuation in the transport demand. 

Customer satisfaction 
7. Are customers happy with the current performance of KLM Cargo? 

• Some are never satisfied 

• Tons of airmail are the best estimator of customers satisfaction 

8. Who is the mayor competitor of KLM Cargo 
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• KLM Cargo competes on transit flows. Other well organised handling processes are the 
competition for KLM Cargo (Frankfurt, Kopenhagen, Wenen (east), upcoming Madrid). 

9. Is speed important in the mail handling? When mail will more often miss its flight this will 
cause customers to go away? 

• From some products it will, but reliability is more important. CET (critical entry time) 

• C D G process too slow, often they do not make the LAT. 

• Customers use the Air mail connections to determine which flight to use for their daily mail. 
If KLM Cargo offers the cormection this will implicit include the speed of the handling 
process. 

Customer communication 
10. What performance indicators are communicated with the customers? 

• TP, transit performance (performance report) 

• Allocation performance (works in two ways) 

11. Are all customers paid a yearly visit? 

• N o not aU, it depends on size. Top 25 are visited at least once. Local visits and phone calls. 
Ad hoc calls from sales, only with a message 

Integration 
12. Do you expect the mail operations will benefit from the integration? 

• Quality should at least be maintained, maybe improved. 

• Maybe more feasible flows with mail in combination 

13. What would you like to see changed during the integration? 

• The dialogue between sales, customer service and operation is important. In general 
operation must think in solutions. 

R.2 Interview N.D.I Aipassa 

Date: 3/10/2008 
Attendance: N.D.I . Aipassa (Manager Operations of airmail and transportation) and G. 
van Amstel 

General 
1. What do you think will be the main bottieneck in the integrated situation for the operations? 

• In my opinion there are three piUars in the operation: Manpower, Tools, and Capacity, for all 
three pillars I think the integration has positive effects due to synergy. 

• Nevertheless I think that the safety regulations wül become an issue. At this moment the mail 
operations are closed off, as it should be according to regulations for mail. 

2. What do you think wül be the main bottieneck in the decision making process? 

• I think the integration of the IT wül be the bottieneck. Important issue is that Hermes is 
guiding the operation, instead of the operations are guiding the software, as is the case for 
Trips. 

Space 
3. Combining E Q and maü wül result in a larger number of destinations, but the space at the 

present mail operation is limited, how should this be solved in your opinion? 
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• FIFO-principle wül limit the required number of beUy wagons for EQ products. When cargo 
is booked on a specific flight you will need space to store packages which have to wait. Wül 
customers be willing to accept none-booked EQ products? 

• With the privatization in the maü industry, the maü and package sorting is performed at the 
same centres at airports. This will be the case in most developed countries, but some 
countries still have a strict distinction between the national postal office and the express 
packages. This will influence the way in which cargo can be shipped from Schiphol and how 
cargo wiU arrive at Schiphol. Sometimes the cargo cannot be combined on one wagon. 

4. WiU a storage rack be a good solution for the shortage of space? (You cannot use the fiiU 
height of the building, human reach is limiting condition) 

• Storage shoidd be avoided; storage is a characteristic of the old situation where cargo is 
booked on a flight instead of based on destination. 

• Indeed humans cannot reach very high, certainly not with heavy packages. 

5. Now the EQ flow is working with FLT, whüe the maü operation is performed manuaUy. 
How wiU this be performed in the new situation? 

• 85% of the maü is transit flow of maü, this wül aU arrive in beUy wagons or on dollies. This 
wiU also imply that it is possible to handle the packages manuaUy, because they are taken out 
of the plane that way. 

6. WiU it be important to spUt priority maü, SAL and EQ for constrained fUghts? 
• At this moment the flows are already separated. SAL maü wiU be sorted when there are 

relatively less other maü products to sort, for example in the evening. 
• For smaU loads of SAL maü no exception is made of course. 

LabeUing 
7. What is the share of bags that is not provided with a UPU-label? Is the data available per 

destination? (Is this the share that has to be rimmed?) 
• 15% wiU not have a proper label; this exists out of a flow form African countries and SAL 

maü. 

Weighing 
8. If both products are transported on the same beUy wagon. WiU this raise difficulties for the 

weighing process? 
• No not immediately. You know exacdy what is on the beUy wagon because of the exit 

(outbound) scan. 
• Mind scanning at the carousel, the employee has to be next to the wagon which he has 

opened and put aU bags in, after that he can 
• At Sodexi there are slopes dedicated for a destination, in that way scanning can be postponed 

to the moment the bags are put on the wagon from the slope, in that way the bags for one 
destination are scanned aU at once. 

9. In what program wiU the weighing be performed? 
• For maü in Trips and for EQ in Cargo 2000. An interface in Hermes in front of these two 

systems is proposed. But it wiU aU depend on the software choices. 

10. WiU the weighing people have to work in two programs? 
• Not yet decided 
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11. EspeciaUy when some packages are missing? 

• Hard to say at this stage of the development? 

PI's/EfBciency 
12. What are the most important performance indicators for the mail operation? 

• Number of faüed connections. 

13. In what way is this monitored at the moment? How could this be improved? 

• It wiU improve somewhat due to the exit-scan, but the principle wiU not change 
fundamentaUy. 

14. WTiat would be desirable in the new situation for the customers? 

• not an operational issue 

15. What do you think wiU be the effect of the integration on the performance of the maü 
operation? 

• Hard to say at this stage, but it wiU not become faster. 

16. WÜ1 it be beneficial for the performance (and maybe load factor) to separate S.A.L. from the 
other maü products? Maybe only for the constrained flights? 

• This is already the case for large SAL shipments. 

17. What effect wiU the exit scan along the carousels have on the performance of the maü 
operations? 

• Can only become slower, which should be avoided, but it is hard to predict the delay at this 
stage, the final configuration is not decided upon. 

Employees 
18. Are employees looking forward to the integration? 

• Change is never getting a warm welcome in the lower regions of the organization. They are 
not happy with the integration, but there is no other choice than to accept the changes. 

19. What are the boundary conditions with respect to working conditions? 

• UPU says maü should weigh between 25-30 kUograms. In general the bags wiU be lower. 

20. WiU the degree to which the operations are accessible for part-time employees be important? 

• It would be beneficial when the operation is easy to understand and temporary workers can 
be easüy instructed to do the work. Nevertheless the key activities in the operation wül never 
become the responsibiUty of part time employees. 

R.3 Minutes meeting H.J.F. Deben 

Date: 4/11/2008 
Attendance: H.J.F. Deben (process planner airmail) and G. van Amstel 

Mixed loading 
Depends on whether or not the receiving party can handle mixed cargo 
Depends on the fact if the flight is "constrained", this can have five causes: 

• restriction (reason: short turnaround time at airports) 

• pay load critical (reason: often distance to destination (long distance EU)) 
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• cargo VS. maü (more cargo could cause maü to be pushed off) 
• Containerized, when containerized for EQ or maü, no mixed loading is possible. 
• Fokker 70 or Fokker 100, which have no beUy capacity 
You do not want to load mixed and one wagon with EQ cannot go on the flight, because you 
have the possibiUty that an EQ shipment is not completely in the wagon. 

Frequency 
Maü destinations are departing every day 

Flexibility of employees 
Advice Hans: to keep the geographical difference present between the different carousels 

Loading on board of the plane 
Plane has different compartments. Often this is dedicated to cargo (EQ) or maü and this is put in 
the plane separately. When Uve, EQ and Maü is driven to the plane, but the maü did not fit in 
after aU, the maü should be taken out, when this happens whit mixed wagons the ground services 
wiU not sort out the maü and EQ, but wiU send everything back. 
In principle cargo is placed with cargo and maü with maü. This could give trouble when brought 
mixed to the plane. What wiU be KLM's poUcy? 
Think about unexpected events, what wiU happen in that case when mixed wagons were brought 
to the plane? Ground services wiU probably send aU wagons back. 

Closing of flights/Planning/Weighing 
When the two different products are loaded on the same wagon, it is difficult to close off the 
wagon for one type of product, because for this product the aUotment is reached, whüe there is 
stiU room left for the second product. In this case the fUght is closed before one of the two 
products has reached the aUotment. When wiU the "mail" wagon be closed and when wül the 
"EQ" wagon be closed 

Booking 
When EQ is loaded FIFO on a flight, it might be necessary to determine if there is enough room 
for storage at the receiving station 

ARBO: 
Wagons paraUel to belt direction, this wiU be the safest for the workers urüoading the carousel. 
This is with respect to the easiest way to transfer the bags and with respect to the safety when 
someone wiU bump into the beUy wagons along the belt. 

Transportation 
EQ uses chain to communicate with transportation. Maü does not and has a platform 
coordinator present at the platform which wiU communicate on the location and the 
destination(s) of the wagon of one train just brought to a lane at transportation. 

Possible solution: 
Locate a coUection wagon at every carousel used for several smaU destinations at the conveyor 
belt. This wagon wiU be monitored by an employee, which wiU sort out the wagon to smaU 
wagons buüd up at different area at the maü department. This woiüd imply that the empty 
containers are not stored inside anymore and TNT export has to be stored outside or near the 
input locations as weU. 
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S Visit to Sodexi at Cliarles de Gaulle airport, Paris 

S.1 Minutes visit 
Date: 28/1/2009 
Location: Charles de Gaulle airport, Paris 

Integration design 

• Destinations have a unique location at a conveyor system exit, this is static 

• Transit cargo is transported to the opened container at the shoot direcdy after input (FIFO) 

• 600 arrivals & departures per day serving -I-/ 240 destinations 

• Separate department for valuables, human remains and animals, just Uke at Schiphol 

• Lateral transport between GIXL and Sodexi is exceptional 

• A90 min V90min, including transport to the gates of min. 30 minutes 

• Some locations are equipped with weigh locations for the opened containers 

• Weight of tiie ULDs is determined by die weight of die AWB * # of AWBs 

• 80% transit 

• Odd sizes are brought to the container direcdy by a special employee 

• Ration of bulk is less than in Amsterdam, in general ULDs are used 

• Max weight of coUo via the belt is 50 kilograms 

Conditions 

• AU coUi are labeUed for E Q 

• MaU without barcode is labeUed only with destination 

• N o bookings are made, FIFO is appUed in aU aspects of the handUng process 

Software packages 

• Gioppi, transportation planning 

• Gedephy, warehouse system 

• PeUcan is Air France's counterpart of Cargoal 

Implementation and start-up 
• Integration of maü and equation was reaUzed three years ago. This caused problems the first 

three months 

• Customers were prepared for the expected start-up problems at the start of the integration 

• Problems did occur relating to the employees and the changes of their responsibilities 

• When you change your process do it aU at once. Sodexi advices to make rigorous changes aU 
at once, instead of adapting incrementaUy 

Effects of the integration 

• Improvements of the coordination of tracking and tracing of the cargo 

• Increased performance of the transportation department (especiaUy at C D G due to the large 
distance between Sodexi and the gates) 

• Higher load factor due to mixed loading 

• Early notification of errors (e.g. missing coUo at arrival at CDG) 

Export acceptance 
• The labels are attached by the customer themselves at the export acceptance 
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• N o employees in normal cases 

• Heavy export wiU be transported direcdy to the opened container 

• Customer wül put the export cargo on the input belt 

• External company is responsible for x-ray 

• Export cargo is going in the process by a belt. Every export 
simidtaneously 

• Customer can weigh his packages at Sodexi when required 

Maü 

• Export maü is not handled by Sodexi, this is responsibiUty of La Poste. This is simüar to the 
Dutch simation. 

• Maübags are not labeUed by Sodexi, because it is too time consuming 

Transportation 

• GPS system for tracking and tracing of trucks 

• Communication with truck driver under way 

• Hexible and able to make last minute changes 

• Program optimizes the load factor of the trucks by combing the load of different fUghts 

Customers 

• Customer are made aware of the benefits of labeUing and fiiU documentation 

• N o booking of cargo, but when customer is important Sodexi wiU anticipate on desires of the 
customer when the customer contacts Sodexi. 

Process 
• N o weighbridge in normal procedure, because weight is known 

• SpUtting up an AWB is not a problem, large size coUo can be shipped to opened container 
immediately, other coUo of AWB can use the belt system 

• Special labeUing locations for E Q packages 

• Belt system contains + / 10 shoots. Around one shoot there are eight locations to place a 
ULD 

• Sodexi is operation 24 hours a day, 7 days a week 

• Last shoot is used for maü and destinations with low weight/volume 

Import 
Import cargo is brought to the import release racks by special employee 

Input locations 
Two scan moments, first scan is an entry scan, second scan confirms the location on the belt 

packages is scatmed 
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S.2 Photos Sodexi 

Figure 106: Packages on the automated sorter belt of Sodexi 

Figure 107: View on the slides of the shoot with ULDs around it 

Figure 108: Roller cages at the end of the last shoot of the sorter system 
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Specification of the differences between the simulation 
models 
In this appendix the changes between the four simulation models are specified. The changes in 
the simulation model are based on the requited changes identified in the integration proposal in 
paragraph 6.3.2. 

Figure 109: Sequence of simulation experiments 

Differences in Arena simidation between BM and IMEX 
The differences between the BM and IMEX model contain most the most fundamental changes 
of the integration project. 
• The packages of smaU export shipments are loaded on a conveyor belt, which wiU transport 

them to the sorting station of the maü department. 
• The period between the coUection of cargo at the maü department and the flight departure is 

changed from 75 minutes to 90 minutes. 
• The new transportation times of the extended conveyor belt system are inserted (as 

mentioned in paragraph 4.5.3) 
• The smaU EQ shipments are divided into coUo. These shipments are gathered per shipment 

before aUowed on the beUy wagon along the carousel. This resembles the aim of KLM Cargo 
is to avoid part shipments. The planner is responsible for the coUection of aU coUo. The data 
from the exit scan can help the planners in the future. 

• The FIFO-principle is introduced at the EQ department. This impUes that the cargo at the 
storage yard is searched on destination, instead of a corresponding flight code. 

• BeUy wagons are orüy opened and positioned at the EQ storage yard, when cargo wül arrive 
for the specific destination. 

• The transport from the maü department to the transportation department wiU included the 
security check. 

• AU flights used by maü and EQ in the base case are made accessible for both products in 
IMEX. 

• The time required for the transportation from the maü department to the transportation 
department is increased and assumed to be equal to the current time for this process at EQ 
department. 

• The USA carousel is extended, which impUes the time required to make a round is extended 
by 50% to 6 minutes. The distribution of the required time from the arrival at the carousel to 
the right wagon at the USA carousel becomes a uniform distribution with a minimum of 0 
and a maximum of 6 minutes. 

• Removal of the temporary storage. 

Assumptions 
• Maü and EQ wiU be brought in separately when arrived by plane. 
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• Lateral cargo is sorted out and brought to one of the input locations by the lateral sorter and 
this wiU take same time as the trip to the beUy wagons at the storage yard in the base case. 

Differences in Arena simulation between IMEX and IMIN 
To transform the IMEX model to the IMIN model aU new processes have to be added to the 
simulation in Arena. This incorporates the foUowing changes to IMEX: 
• The labeUing of aU small lateral incoming, transit and export coUo with lATA 606(B) labels 

in case the coUo is not labeUed with an IATA606(B) yet by the forwarders, FB2/3 or the 
outstations. The labeUing process is assumed to take 10 second minimaUy and 1 minute 
maximaUy. The process time increases proportionaUy form 10 seconds (1 coUo) to 60 seconds 
(35 coUo, the maximum of one smaU EQ shipment). 

• The labeUing of aU maübags which are RIM-ed manuaUy currendy. The process time of the 
labeUing process is modeUed by adding 10 seconds to the old process time distribution of 
RIM-ing. 

• Bringing in the scanner to upload the data wiU not be required anymore because the scanners 
wiU send the captured data to Trips wireless; therefore the uploading process is removed. 

• Add entry scan at the input locations for EQ cargo, mail is already scanned in the base case. 
The process time of the entry scan for EQ is assumed to be equal to the 

• Adding the exit scan when coUo (maü and smaU EQ) wiU leave the carousel This new process 
resembles the current unload and scan process at the maü input locations and therefore these 
process times are used to model the exit scan. 

Differences between BM and RM 

The configuration of RM wiU be based on the simulation results of the modelling of the first 
three models. These results have showed the refinement of the current situation might be 
worthwhüe to investigate, instead of the refinement of the integrated situation. This requires a 
modification of the sequence of experiments, because the RM wiU be comparable to the BM. 
Figure 110 ülustrates the resulting comparison which is the subject of paragraph 7.9. 

Fxperlments 

Abbreviation 

Changes in 
performance 

\ \ Refined \ 
Base model yy operational y 

/ / setup / 

BM RM 

DHrorence: 
Effects of a new 

operational setup 

Figure 110: Modified sequence of experiments with respect to the refined model 

The specific differences between the BM and RM are: 
• AU fUghts used by maü and EQ in the base case are made accessible for both products in RM. 
• The period between the coUection of cargo at the maü department and the flight departure is 

changed from 75 minutes to 90 minutes. 
• The FIFO-principle is introduced at the EQ department. This impUes that the cargo at the 

storage yard is searched on destination, instead of a corresponding flight code. 
• Removal of the temporary storage. 
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Pie charts EQ shipment size 

U.1 Data used to make the division in the different shipment sizes 

Table 55: Data used to determine the division of shipment sizes 
Flow 1 Shipment sizel Via belt?! AWBs (#)| AWBs (% of totalj l Weight (kgl l Weight (% of total) 
Export (loose) Small shipment 
Export (loose) Large shipment 
Export (ULD) 
Transit (Loose) Small shipmet 
Transit (Loose) Large shipment 
Transit (ULD) 
Import 
Lateral (Loose) SmaU shioment 
Lateral (Loose) Large shipment 
Lateral in (ULD) 
Lateral out 
ToUl 

small 
large 
large 
small 
large 
large 

small 
large 
large 

yes 
no 
no 

yes 
no 
no 
no 

yes 
no 
no 
no 

6458 
1435 
209 

10824 
1592 

34 
7417 
2525 
1159 

3 
4579 

36235 

17.82% 
3.96% 
0.58% 

29.87% 
4.39% 
0.09% 

20.47% 
6.97% 
3.20% 
0.01% 

12.64% 
100.0% 

151668 
542686 
270277 
282866 
234637 

38105 
1802633 

109377 
357659 

CQQA 

383003 
4178905 

3.63% 
12.99% 
6.47% 
6.77% 
5.61% 
0.91% 

43.14% 
2.62% 
8.56% 
0.14% 
9.17% 

100.0% 

U.2 Division of shipment size of export EQ 
Export EQdivided Into large and small shipment (%of all AWBs) 

_0,6% 

• Transit 

• Import 

• Lateral in 

• Lateral out 

• Export (ULD) 

• Export (Loose) Small shipment 

" Export (Loose) Large shipment 

Figure 111: Sub-division of export EQ in shipment size based on number of AWBs 

Export EQ divided Into large and small shipment (% of total Weight in kg) 

_6,5% 

• Transit 

• Import 

• Lateralln 

• Lateral out 

• Export(ULD) 

• Export(loose) Small shipment 

•r Export(Loose) Large shipment 

Figure 112: Sub-division of export EQ in shipment size based on weight 
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U.3 Division of shipment size for transit EQ 

Transit EQ divided into large and small shipment (% of all AWBs) 
-0 ,1% 

I Export 

I Import 

I Lateral in 

• Lateral out 

I Transit (ULD) 

• Transit (Loose) Small shipment 

• Transit (Loose) Large shipment 

Figure 113: Sub-division of transit EQ in shipment size based on number of AWBs 

Transit EQ divided into large and small shipment {% of total weight) 

• Export 

• Import 

I Lateral in 

I Lateral out 

I Transit (ULD) 

• Transit (Loose) Small shipment 

• Transit (Loose) Large shipment 

Figure 114: Sub-division of transit EQ in shipment size based on weight 

U.4 Division of shipment size for lateral incoming cargo 

Lateral incoming cargo divided into large and small shipment {% of all AWBs) 

• Export 

• Import 

• Transit 

• Lateral out 

• Lateral in (ULD) 

> Lateral (Loose) Small shipment 

<• Lateral (Loose) Large shipment 

Figure 115: Sub-division of lateral incoming EQ in shipment size based on number of AWBs 

Lateral incoming cargo divided into large and small shipment (% of total weight) 

• Export 

• Import 

• Transit 

• Lateral out 

• Lateral in (ULD) 

• Lateral (Loose) Small shipment 

Lateral (Loose) Large shipment 

Figure 116: Sub-division of lateral incoming EQ in shipment size based on weight 
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V Location FBI at Schiphol airport 

V.I Location of FB1 at the Schiphol airport premises 

Figure 117: Top view of Schiphol airport with FBI in the dashed blue square (Google earth, 1/3/2009) 

V.2 Gates at Schiphol 

Figure 118: Overview of the gates used for departures at Schiphol airport (www.schiphol.nl. 1/3/2009) 
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W Current wagon allocation along the carousels 
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Figure 119: Airport codes of the belly wagon dest inat ions at ICA carousel 
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Figure 120: Airport codes of the belly wagon destinations at USA carousel 
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X Results sensitivity analyses 
The displayed results of the base case of the sensitivity analyses were simulated with an old work 
schedule and therefore differ slighdy from the final results discussed in chapter 5 & 7 for which 
most recent work schedules are used. 

X.1 Results sensitivity analyses base model 
Table 56: Results of the sensitivity analysis; increased transport time by 15% and growth of mail (+12,5% and EQ 
(25%) quantities 

{ •^^^^^^^^^^^^^^^•• • • • I^MI I I i l l l l l iHI I IHI 
hr mail unload 
hr_iiMiLscanning 

hr mail switdiii« 
hr mall carousel EUH 
hr mail carousel ICA 
hr man carousel USA 
hr maU wei|hini_euK 
hr mall weifhinc_liitercoi>tltiental 

Kfommam^f 
hr eq_c^ed(er 
hr eq_brlnt_awav 
hr eiLbnaii down 

hr eiLwclihbridie 
hr eq_cxpott acceptance 
hr eq_lateral sorter 
hr e<L.lateral driver 

Time between arrival input location - ready in beUy wason 
&port - Time ielween orrfvo//(iput (oc«/on - reodc in l>e/4'iKison 

Import - Time between arrival input location • ready tn belly wagon 

Time between collection - ready at transport 
Averafe turnaround time mail; arrival FBI -ready at transport 
Average turnaround time mail STA-ATD plane 

HendMigtliiiesefdkp 
Time between export acceptance EQ - ready In belly wagon at EQ 
Time between arrival breakdown - ready in belly wagon at EQ 
rime between arrival breakdown - ready in belly wagon at EQ 
Time between arrival breakdown - ready at import EQ 

export 
Transit 
Lateral 
Time between collection - ready at transport 
Average turnaround time eq FBI 
Average turnaround time eq FBI ATA-ATD plane 

NandHnt Nnies «9 SMAU 
Time between export acceptance EQ - belly wagon at Mali department 
Time between arrival breakdown - ready in belly wagon at Mail department 

Average turnaround time eq ATA-ATD plane 

Number of export mailbags collected to fly on eariler night 
Number of transit mailbags collected to fly on eariler flight 

Mamttr rgn^ooUntsfor f a / b w n M tmHItrfiV 
Number of rebookings of SMALL export EQ collected to fly on earlier flight 
Number of rebookings of SMALL transit EQ collected to fly on eariler flight 
Number of rebookings of EQ collected to fly on eariler flight 
Export 
rronsft 
Lateralln 

m-éfVumM 
Number of mallbap which wW miss flight at coUection 
Number of mailbags which vrili miss flVit at transportatkxi 

Number of EQAWBs that will miss their booked flight due to flight dosing 
Number of EQ AWBs tiiat will miss their booked flight at transportatkw 
Number of EQ AWBs that will miss their booked flight at mail at collection 
Number of EQ AWBs that will miss their booked flight at mail at transportation 

Sum of missed EQ bookings 

Maximum number of locations required at mail in simulation 

Maximum number of locations required at eq In simulatk>n 

« n r a i . 
0.71 
0.70 
O J S 

0.11 
O J l 

0 . U 

0 ^ 1 

OM 

0 . U 

A»« IW 
O J ] 

O J I 

OJO 

»M 

OM 

OM 

0 J 7 

O J f 

O J l 

A n n g . 
O J f 

a.» 
a4i 
OJl 

7 3 1 

0 . U 

ÈM 

10.0S 

Average 
033 

2.76 
OM 

O J l 

1.63 
7.54 
Ï .5J 
«.41 
03» 

15.10 
165t 

Average 
n.a. 
n.a. 
n.a. 
n.a. 

Average 
ua 

1*147 

16170 

Avwage 
n.a. 
n.a. 
ika. 
ii.a. 
n.i. 
n.a. 

A . K W 

166* 
4110 

S63I 

M 

4 « 

n.a. 
n.a. 

134 

Average 
• 1 

: Average 
1 1 1 

Chanv 
OX 

OK 

0 % 

0 % 

OK 

OK 

- I K 

OK 

OK 

Owve 
OK 

OK 

OK 

OK 

OK 

OK 

OK 

I K 

OK 

Chance 
- I K 

-SK 

- I K 

-2K 

I K 

OK 

2 K 

3 K 

Change 
- I X 

- I K 

I K 

I X 

OK 

OX 

<1X 

OX 

- 2 K 

• 5 X 

OK 

Change 
n.a. 
n.a. 
n.a. 
n.a. 

Change 

- 5 X 

-5X 

Change 
n j . 

n.a. 
n j . 

n ^ . 

n.a. 
n.a. 

amg, 
1 4 K 

9 1 K 

69K 

Change 
I K 

324K 
n.a. 
n.a. 

I I I X 

Change 
- I K 

Change 
- I K 

Average 
0.71 
1.70 
OJt 

0.11 
O i U 

0.1* 
0.41 
0.41 
0 . U 

Averail 
0.22 
0.21 
0 J « 

O J l 

0.41 
0.40 
0 J « 

0 J 7 

0.J1 

Avenge 
O J l 

0.11 
0.40 
OJtl 
7.34 

0 . U 

I . U 

10.21 

Average 
0.32 
2.7J 
0.44 

0.31 
1.51 
7 . » 

1.45 
t .4 I 
0.21 

14.36 
16.633 

Average 
n.a. 
n.a. 
n.a. 
n.a. 

Average 
125 

16000 

16125 

Avenae 
n j . 

n.a. 
n.a. 

n.8. 
n j . 

n.a. 

A v m f e 
1121 
7115 

1522 

Average 
9 0 

193 

n.a 

n.a 

213 

Average 
BO 

Average 
167 

Change 
9 K 

I I K 

13K 

13K 

12K 

I I X 

5 X 

BX 

4 K 

Ch«« . 
4 K 

2 3 X 

1 3 K 

4 K 

OK 

2 2 K 

8 K 

2 K 

- I X 

Change 
3 1 X 

3 7 X 

3 0 X 

AOK 

I K 

OK 

2 X 

2 K 

Change 
4 6 K 

4 X 

2 9 K 

2 2 K 

- I K 

- 2 X 

OX 

OX 

I X 

- 4 X 

OX 

Change 
n.a. 
n.a 

n ^ 

n.a 

Change 
5 X 

7 X 

7 K 

n.a 

n.a 

n.a 

n.a 

n.a 

n.a 

Chenge 
-86X 
6ex 
22X 

Chang. 
19X 

I I X 

n.a 

n.a 

change 
OX 

Change 
3X 

Average 
0.77 
0.71 
0 J 3 

0.22 
0 J 4 

0.11 
0 ^ 

OM 

0.14 

Awage 
0 J 3 

0 J 5 

0.41 
0 J 2 

0.45 
0.41 
O J l 

0 J 7 

0.21 

Average 
O J l 

0.27 
0L5J 
0.41 
7 J 5 

0.16 
I J O 

l O J l 

Average 
0.41 
2 J 7 

0.56 
0.47 
B.57 
7.42 
1.52 
1.41 
0 J 9 

14.49 
16.65 

Average 

Average 

n.a. 
n.a. 
n.a. 
n.a. 

1 2 9 

U097 

Average 

Avtng* 

Av*ra|« 

( 

Average 

Awrai i 

ia22S 

n.a. 
n.a. 
n.a. 
n.a. 
n.a. 
n.a. 

223 

C M 3 

fiM6 

106 

5 1 

n.a. 
n.a. 

156 

8 0 

194 
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X.2 Results sensitivity analysis of the integration situation 

1 able 57: Kesuits ot the sensitivity analysis with lUyo exceptior 

Resource usage mail 
hr mail unload 
hr malt scanning 
hr mail switching 
hr mail carousel EUR 
hr mail carousel ICA 
hr mail carousel USA 
hr_mail_weighing_EUR 
hr_mail_weighing_intercontinental 
equ(pment_mail_weighbridge 

Resource usage eq 
hr eq_checker 
hr eq_bfing_awav 
hr e(|_brealc down 
hr_eq_weigh_opentng 
hr eq_weighbridge 
hr Gq_export acceptance 
hr eq_lateral sorter 
hr eq_lateral driver 
equipment eq_weighbridge 

Hanitling times mall dep 
Time betvtfeen arrival input location - ready in belly wagon 
Export - Time between arrival input location - ready in belly wagon 
Transit - Time between arrival input location - ready in belly wagon 
Import - Time between arrival input location - ready in belly wagon 
Time between ready in belly wagon - collection 
Time between collection - ready at transport 
Average turnaround time mail; arrival FBI -ready at transport 
Average turnaround time mail STA-ATD plane 

Handling times eq dep 
Time between export acceptance EQ - ready in belly wagon at EQ 
Time between arrival breakdown - ready in belly wagon at EQ 
Time between arrival breakdown - ready in belly wagon at EQ 
Time between arrival breakdown - ready at import EQ 
Time between ready in belly wagon - collection 
Export 
Transit 
Lateral 
Time between collection - ready at transport 
Average turnaround time eq FBI 
Average turnaround time eq FBI ATA-ATD plane 

Handling times eq SMALL 
Time between export acceptance EQ - belly wagon at Mail department 
Time between arrival breakdown - ready in belly wagon at Mail department 
Average turnaround time eq FBI 
Average turnaround time eq ATA-ATD plane 

Number of mailbags flwon on earlier flight 
Number of export mailbags collected to fly on earlier flight 
Number of transit mailbags collected to fly on earlier flight 

Sum of mailbags flown on earlier flight 

Number of re-booklngs for EQ flown on earlier flight 
Number of rebookings of SMALL transit EQ collected to fly on earlier flight 
Number of rebookings of SMALL export EQ collected to fly on earlier flight 
Number of rebookings of EQ collected to fly on earlier flight 
Export 
Transit 
Lateral in 

Sum of rebookings for EQ flown on earlier flight 

Missed flights mall 
Number of mailbags which will miss flight at collection 
Number of mailbags which will miss flight at transportation 

Sum of mailbags which will miss made flight 

Missed bookings EQ 
Number of EQ AWBs that will miss their booked flight due to flight closing 
Number of EQ AWBs that will miss their booked flight at transportation 
Number of EQAWBs that will miss their booked flight at mail at collection 
Number of EQ AWBs that will miss their booked flight at mail at transportation 

Sum of missed EQ bookings 

Space requlrments mall 
Maximum number of locations required at mail in simulation 

Space requlrments EQ 
Maximum number of locations required at eq in simulation 

Average 
0.71 
0.69 
0.34 
0.37 
0.40 
0.29 
0.68 
0.83 
O.M 

Avrnt* 
0J3 
O.IS 
OJS 
0.10 
0.24 
0.23 
0.23 
0.27 
0.12 

Average 
0.52 
0.3t 
0.53 
0.42 
7.09 
0.29 
8.02 

10.15 

Average 
0.22 
n.a. 

0.38 
0.34 
6.88 
6.79 
S.S9 
4.30 
0.24 
9.94 

11.45 

Average 
0.36 
0.71 
9.91 

12.12 

Average 
140 

18920 

16970 

Average 
346 
755 
214 
62 
SO 

122 

1315 

Average 
2412 
2380 

4792 

Average 
15 
60 

104 
135 

315 

Average 
100 

Average 
50 

IS i n sn 

Change 
0% 
0% 

•1% 

-2% 
- 1 % 
-1% 
•1% 

- IK 
-IK 

dwiii* 
- IK 
U K 
OK 

33K 
22K 
8K 

-IX 
OK 

21% 

Change 
- 1 % 
-5K 
-IK 
-IK 
OK 

-IK 
OK 
OK 

Change 
0% 

n.a. 
-7% 
-IK 
3K 

- 1 % 
2K 
OK 
4K 

-5K 
IK 

Change 
5% 
IK 
0% 
OK 

Change 
3X 
OK 

12K 

Change 
-UK 
-lOK 
25K 
4% 

76« 
23% 

-5% 

Change 
-2% 
-IK 

-IK 

Change 
45% 

3% 
-12% 
-13% 

-7% 

Change 
0% 

Change 
23% 

lall h.Q shipm 

Average 
0.71 
0.69 
0.34 
0.37 
0.39 
0J9 
0.67 
0.82 
0.17 

Average 
0.23 
0.16 
OM 
0.13 
0.29 
0.24 
0.23 
0.27 
0.14 

Average 
0.51 
0.30 
0.53 
0.41 
7.09 
0.29 
8.04 

10.18 

Average 
0.22 
n.a. 

0.35 
0.34 
7.U 
6.72 
8.84 
4.29 
0.25 
9.45 

11.62 

Average 
0.38 
0.71 
9.88 

12.09 

Average 
145 

18910 

19055 

Average 
310 
679 
267 
65 
53 

150 

1255 

Average 
2367 
2368 

4735 

Average 
22 
62 
91 

118 

293 

Average 
101 

Average 
62 
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Y Results processing î >pendix 

Y.1 Selection criteria of the representative entities in the output files 
Table 58: Cntena for the selection of the representaove entities in the model output 

Time between arrival input location - ready in belly wagon 

Export - Time between arrival Input location - rtady In btlly wagon 

Transit - Time between arrival input location - ready In belly wagon 

Import - Time between arrival input location - really In beUy wagon 

Time between ready In belly wagon - collection 

Time between collection - ready at transport 

Average turnaround time mail; arrival FBI -ready at transport 

Average turnaround time mail STA-ATD plane 

HanMngtlmeseqiv 
Time between export acceptance EQ - ready in belly wagon at EQ 

Time between arrival breakdown - ready in belly wagon at EQ 

Time between arrival breakdown - ready in belly wagon at EQ 

Time between arrival breakdown - ready at import EQ 

rune between ready in belly wagon - collection 

Export - Time between ready In beUy wagon - collection 

Transit - Time between ready in belly wagon - collection 

Lateral - Time between ready in belly wagon - collection 

Time between collection - ready at transport 

Average turnaround time eq FBI 

Average turnaround time eq FBI ATA-ATD plane 

Handling times eq SMALL 

Time between export acceptance EQ - belly wagon at Mail department 

Time between arrival breakdown - ready In belly wagon at Mail department 

Averageturnaround time eq FBI 

Average turnaround time eq ATA-ATD plane 

Number af mailbags flown on earlier flight 

Number of export mailbags collected to fly on earlier flight 

Number of transit mailbags collected to fly on earlier flight 

Number of re-booklngs for €Q flown on eariler flight 

Number of rebookings of SMALL EQ collected to fly on earlier flight 

Number of rebookings of SMALL EQ collected to fly on earlier flight 

Number of rebookings of EQ collected to fly on earlier flight 

Export 

Transit 

Lateral in 

Missed flights mail 

Number of mailbags which will miss flight at collection 

Number of mailbags which will miss flight at transportation 

Sum of nui lbHS which wlH m l » made fltght 

MtoerfbooMngsCQ 
Number of EQ AWBs that will miss their booked flight due to flight dosing 

Number of EQ AWBs that will miss their booked flight at transportation 

Number of EQ AWBs that will miss their booked flight at mall at collection 

Number of EQ AWBs that will miss their booked flight at mail at transportation 

Space retiuinnents moil 

Maximum number of locations required at mail in simulation 

Space requlrments EQ 

Maximum number of locations required at eq in simulation 

all mail entities 

all moil entitles 

all mall entities 

all mail entitles 

Transit and export entities (excl. arrivals in August) 

Transit and export entities (excl. arrivals in August) 

Transit entities (excl. arrivals in August & missed) 

Transit entities (excl. arrivals in August & missed) 

all export entitles non ULO 

all transit AWBs non TULD (ind. Temp storage) 

all transit AWBs non TULD (exd. Temp storage) 

all Import AWBs non TULD 

All AWBs (excl. via temp storagenot & arrivals in August) 

All AWBs (excl. via temp storagenot & arrh/als in August) 

All AWBs (excl. via temp storagenot gi arrivals in August) 

All AWBs (excl. via temp storagenot & arrh/als in August) 

All AWBs (time at belly wagon > 0) 

Transit entities via EQ operation (exd. arrivals at August & missed) 

Transit entities via EQ operation (excl. arrivals at August & missed) 

all small export AWBs (hour 6 t /m 21) 

all small transit AWBs (hour 6 t /m 21) 

all small transit AWBs (excl. arrivals in August, missed) 

all small transit AWBs (excl. arrivals in August, missed) 

export entities excluding arrivals at August 

transit entities excluding arrivals at August 

Export entities (excl. arrivals in August) 

Transit entities (excl. arrivals in August) 

All entities (exd. arrivals in August (time collected < (ATD-1.5)) 

All entities (exd. arrivals in August (time collected < (ATD-1.5)) 

All entities (exd. arrivals in August (time collected < (ATD-l.S)) 

All entities (exd. arrivals in August (time collected < (ATD-l.S)) 

entities (exd. arrivals in August) 

entities (excl. arrivals in August) 

entities (exd. arrivals in August) 

entities (exd. arrivals in August) 

entities (exd. arrivals in August) 

entities (excl. arrivals in August) 

-

" 
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Y.2 Average scores per performance indicator per model 

Table 59: Simulation results for the first three models (significant differences are marked grey) 

Resource usage mail 
hr_mait unload 
hr mail scanning 
hr mail switching 
hr mail carousel EUR 
hr mail carousel ICA 
hr mail carousel USA 
hr mail weighing EUR 
hr mail weighing intercontinental 
equipment mail weighbridge 

Resource usage eq 
hr eq_checker 
hr eq_bring_away 
hr eq break down 
hr eq weigh opening 
\\r eq weighbridge 
[ir_eq export acceptance 
hr eq lateral sorter 
hr eq lateral driver 
equipment eq weighbridge 

Handling times mall dep 
Time between arrival input location - ready in belly wagon 
Export - Time between arrival input location - ready in belly wagon 
Transit - Time between arrival input location - ready in belly wagon 
Import - Time between arrival input location - ready in belly wagon 
Time between ready in belly wagon - collection 
Time between collection - ready at transport 
Average turnaround time mail; arrival FBI -ready at transport 
Average turnaround time mail STA-ATD plane 

Handling times eq dep 
Time between export acceptance EQ - ready in belly wagon at EQ 
Ttme between arrival breakdown - ready in belly wagon at EQ 
Time between arrival breakdown - ready in belly wagon at EQ 
Time between arrival breakdown - ready at import EQ 
Time between ready in belly wagon - collection 
Export - Time between ready in belly wagon • collection 
Transit - Time between ready in belly wagon - collection 
Lateral - Time between ready in belly wagon - collection 
Time between collection - ready at transport 
Average turnaround time eq FBI 
Average turnaround time eq FBI ATA-ATD plane 

Handling times eq SMALL 
Time between export acceptance EQ - belly wagon at Mail department 
Time between arrival breakdown - ready in belly wagon at Mail department 
Averageturnaround time eq FBI 
Average turnaround time eq ATA-ATD plane 

Number of mailbags flown on earlier flight 
Number of export mailbags collected to fly on earlier flight 
Number of transit mailbags collected to fly on earlier flight 

Sum of mailbags flown on earlier flight 

Number of re-booklngs for EQ flown on earlier flight 
Number of rebookings of SMALL EQ collected to fly on earlier flight 
Number of rebookings of SMALL EQ collected to fty on earlier flight 
Number of rebookings of EQ collected to fly on earlier flight 
Export 
Transit 
Lateral in 

Sum of rebookings for EQ flown on earlier flight 

l\Alssed flights mall 
Number of mailbags which will miss flight at collection 
Number of mailbags which will miss flight at transportation 

Sum of mailbags which will miss made flight 

Number of EQ AWBs that will miss their booked flight due to flight closing 
Number of EQ AWBs that will miss their booked flight at transportation 
Number of EQ AWBs that will miss their booked flight at mail at collection 
Number of EQ AWBs that will miss their booked flight at mail at transportation 

Sum of missed EQ bookings 

Space requlrments mail 
Maximum number of locations required at mail in simulation 

Space requlrments EQ 

Average 
0.71 
0.70 
0.29 
0.19 
0.21 
0.16 
0.41 
0.49 
0.19 

Average 
0.27 
0.38 
0.33 
0.31 
0.51 
0.48 
0.36 
0.27 
0.19 

Average 
0.39 
0.19 
0.40 
031 
7.32 
0.16 
7.99 
9.99 

Average 
0.40 
2.87 
0.60 
0.48 
8.61 
7.47 
9.S5 
8.41 
0.30 

14.42 
16.57 

Average 
n.a. 
n.a. 
n.a. 
n.a. 

Average 
126 

16727 

16853 

Average 
n.a. 
n.a. 
n.a. 

n.a. 
n.a. 
n.a. 

n.a. 

Average 
1474 
3881 

5355 

Average 
94 
47 

n.a. 
n.a. 

141 

Average 
81 

Average 

Change 
0% 
0% 

• • M • 
15% 
6454 

Change 
0% 

^ ^ 0 X 1 

PI 
-42» 

Change 
18K 

m ^̂ * 
K. 17» 

• ^*^ K -4% 
K ' 78% 

I F OX 
Change 

-36i 
n.a.r 

•2fM: 

m '̂ ^̂  
• -36% 

-3J 
Change 

n.a. 
n.a. 
n.a. 
n.a. 

Change 
2196 

P \S% 
15% 

Change 
n.a.: 
n.a.; 
n.a.: 

n.a. \ 
n.a. \ 
n.a. i 

n.a.: 

Change 
25% 

-40%. 

• • 
n.a.: 
n.a. 

70% 

Change 
25.7% 

Change 

Average 
0.71 
0.70 
0.34 
0.22 
0.24 
0.18 
0.68 
0.83 
0.26 

Average 
0.27 
0.19 
0.33 
0.10 
0.29 
0.25 
0.21 
0.28 
0.11 

Average 
0.46 
0.2S 
0.47 
0.38 
7.02 
0.29 
7.90 

10.03 

Average 
0.25 
n.a. 

0.31 
0.30 
6.88 
6.76 
8.70 
4.30 
0.25 
9.27 

11.39 

Average 
0.29 
0.39 
9.60 

11.81 

Average 
153 

19276 

19428 

Average 
347 
785 
193 

5 
16 

172 

1325 

Average 
1848 
1384 

3233 

Average 
13 
60 
57 

109 

239 

Average 
101 

Average 

Change 
0% 

0% 
67% 
66% 
59% 
0% 
0% 
0% 

Change 

- # 
0%, 

0% 
0% 

12% 
-2% 
0% 

Change 
11% 
24% 
11% 
10% 

1% 
0% 

I X 
1» 

Change 
1% 

n.a. 
3% 
2% 
0% 
0% 
0% 
0% 
0% 
0% 
0% 

Change 
41% 
33% 

1% 
1% 

Change 
-6% 

' " • ' ^ 

-2% 

Change 

'^ 
0% 
0% 

-1% 
0% 

-2% 

•ifa 
-9% 7% 

Change 
0% 

- 1 % 
E , 2S« 

-7% 

2% 

Change 
- 1 % 

Change 

Average 
0.71 
0.69 
0.34 
0.37 
0.40 
0.29 
0.68 
0.83 
0.26 

Average 
0.28 
0.19 
0.34 
0.10 
0.29 
0.27 
0.23 
0.27 
0.11 

Average 
0.51 
0.31 
0.52 
0.42 
7.10 
0.29 
7.99 

10.13 

Average 
0.26 
n.a. 

0.31 
0.31 
6.86 
6.76 
8.68 
4.29 
0.25 
9.26 

11.38 

Average 
0.41 
0.52 
9.72 

11.93 

Average 
143 

18952 

19095 

Average 
345 
768 
193 

5 

M 
172 

1305 

Average 
2195 
1263 

3458 

Average 
13 
59 
71 

101 

245 

Average 
100 

Average 
Maximum number of locations required at eq in simulation ^ 187 -^j;-72^fiij Sl_ -2% 50 
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With a paired Student t-test a reliability interval is constructed for the differences in the average 
values of a specific performance indicator in the simulation results of two different models. In 
Arena the used random numbers remain the same for each replication in all different models. In 
this way the average scores on performance indicators of the same replication number can be 
paired to each other for the different simulation models. 
In case the reliability interval contains zero, the difference between the compared indicators is not 
significant, otherwise the difference is significant. SPSS 16.0 was used to perform the paired t-
test. 

Y.3 Testing model outcomes on normal distribution with kolmogorov-
smirnovtest 

Table 60 displays the results of the executed kolmogorov-smimov. The test was executed with 
SPSS 14.0.0 for windows. Due to te use of a Dutch version of SPSS, the decimal separator is a 
comma in the tables below. 

Table 60: Results for the kolmogotov-smmiovtest for all performance indicators of the base model 
| N 1 INJorn-; |Asvmp. Sig. (2-tailed) [Distribution 

M l checker 
Ml_brinj_away 
M l break down 
M l weigh opening 
Ml_weighbridge 
M l export acceptance 
M l lateral sorter 
Ml lateral driver 
M l equipment eq weighbridge 
Ml unload 
Ml_scanning 
Ml switching 
Ml carousel EUR 
M l carousel ICA 
M l carousel USA 
Ml welghing^EUR 
M l weighing_intercontlnental 
Ml_mail weighbridge 
Ml_export_acceptance_EQ_to_ready_in_belly_wagon_at_EQ 
Ml_arrival_breakdown_to_readv_[n_belly_wagon_at_E(^_incl_temp 
M l arrn/al breakdown to ready in belly wagon at ECLexcl temp 
Ml_arrival_breakdown to_ready_at_import EQ 
Ml_readyJn_belly_wagon_to_coHection 
Ml_Export_ready_in_belly_wagon_to_collection 
M l Transit ready in belly wagon to collection 
Ml_Lateral ready in belly wagon to collection 
M l collection to ready at transport 
Ml_turnaround time eq_FBl 
Ml_turnaround time eq_FBl_ATA_to_ATD plane 
Ml_arrlval input location_to_ready in_belly wagon 
Ml_Export_arrlval input_k)catlon_to_ready in_belly wagon 
M l Transit arrival input location to ready in belly wagon 
M l Import arrival input location to ready in belly wagon 
M l Average turnaround time mail arrival FBI to ready at transpor 
M l Average turnaround_time mail STA to ATD plane 
Ml nr of export mailbags collected to fly on earlier flight 
Ml nr of transit mailbags collected to fly on earlier flight 
Ml_nr_of mailbags whlch_will_miss_flight at collection 
Ml_nr_of_mailbags whlch_will_miss_flight_at transportation 
Ml_nr of EQ_AWBs that_will_miss_their booked flight due to_fligh 
Ml_nr_of EQ_AWBs that_will_miss_their_booked flight at_transport 

8 
8 
8 
8 
8 
8 
8 
8 
8 
8 
8 
8 
8 
8 
8 
8 
8 
8 
8 
8 
8 
8 
8 
8 
8 
8 

8 
8 
8 
8 
8 
8 
8 
8 
8 
8 
8 
8 
8 
8 
8 

0,273 
0,376 
0,332 
0,310 
0,514 
0,481 
0,356 
0,269 
0,193 
0,707 
0,703 
0,295 
0,192 
0,212 
0,160 
0,412 
0,493 
0,193 
0,400 
2,874 
0,597 
0,483 
8,613 
7,471 
9,545 
8,412 
0,303 

14,419 
16,572 
0,387 
0,190 
0,401 
0,306 
7,993 
9,994 

126 
16727 
1474 
3881 

94 
47 

0,001 
0,002 

0,000 
0,003 
0,002 
0,003 
0,004 
0,003 
0,002 
0,001 
0,000 
0,000 
0,000 
0,000 
0,002 
0,004 
0,001 
0,009 
0,019 
0,026 
0,019 
0,018 
0,013 
0,029 
0,026 
0,004 
0,030 
0,024 
0,011 
0,008 
0,012 
0,007 
0,067 
0,068 
2,507 

151,518 
66,999 

378,783 
1,669 

13,583 

0,613 
0,990 

0,078 
0,845 
0,998 
0,966 
0,894 
0,997 
0,735 
0,764 
0,803 
0,718 
0,757 
0,940 
0,997 
0,712 
0,926 
0,725 
0,734 
0,574 
0,898 
0,993 
0,801 
0,863 
0,874 
0,996 
0,994 
0,601 
0,961 
0,974 
0,980 
0,932 
0,721 
0,978 
0,984 
0,944 
0,681 
0,581 
0,934 
0,999 

Normal 
Normal 

Constant 
Normal 
Normal 
Normal 
Normal 
Normal 
Normal 
Normal 
Normal 
Normal 
Normal 
Normal 
Normal 
Normal 
Normal 
Normal 
Normal 
Normal 
Normal 
Normal 
Normal 
Normal 
Normal 
Normal 
Normal 
Normal 
Normal 
Normal 
Normal 
Normal 
Normal 
Normal 
Normal 
Normal 
Normal 
Normal 
Normal 
Normal 
Normal 

One variable is constant for all replications, the utilization rate of the breakdown employees, and 
is therefore not normally distributed. For this variable a comparison of the average scores 
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between the models will be sufficient to determine a difference, because the variables are 
constant. 
The outcomes of the kolmogorov-smirnovtest. show all other performance indicators can be 
assumed to be normally distributed. When the "asymmetric significance level", is higher than 
0.05, the outcomes are assumed to be normally distributed (SPSS 14.0 Results coach, 12-5-2009). 
When the variables are normally distributed it is possible to test the differences between the 
different model configurations on significance with paired samples t-tests. 

Y.4 Results paired samples t-test BM (M1), IMEX (M2) and IMIN (M3) 
Due to te use of a Dutch version of SPSS, the decimal separator is a comma in the tables below. 
The significant differences are marked grey in the tables. 

Table 61: Results of the paired t-test of the mail resource utilization rates 

Pair l 

Pair 2 

Pairs 

Pair 4 

Pairs 

Palr6 

Pair? 

Pairs 

Pair 9 

Pair 10 

Pair 11 

Pair 12 

Pair 13 

Pair 14 

Pair 15 

Pair 16 

M1_unload - M2_unload 

M2_unioa<) - M3_uni<!ad 

M1_scanning - M2_scanFiing 

M2_scanning - M3_scanning 

M1_switchlng - K*2_swtlching 

M2_sv«ltehlng - M3_switehlng 

MIcarouselEUR - M2_carousei_EUR 

M2_carou5el_EUR - M3_carousei_EUR 

MIcarouseiUSA - M2_carojsei_USA 

M2_carousei_USA - M3_carousei_USA 

M1_weigiiing_EUR - M2_weighing_EUR 

M2_we(gliina_EUR - M3_«/eighing_EUR 

M2_weigiiing_intercontinental - M3_weigtiingJntercontinenlai 

M1_maii_weigiibridge - M2_mail_weigiibridge 

M2 maiiweiglibridge - M3_maii_weigiibridge 

Paired Differences 1 

Mean 

-,0019750 

-,0003125 

,0001375 

,0157875 

-,0453375 

-,0000125 

-.0322125 

-,1506625 

-.0237500 

-.1086000 

-.2650125 

-.0021000 

-.3333000 

-.0001500 

-.0630000 

-.0001000 

Std. Deviatkin 

,0039870 

,0037238 

,0008766 

,0006600 

,0002200 

,0003643 

,0004704 

,0004069 

,0005806 

,0004811 

,0078233 

,0064172 

,0150767 

.0216669 

.0006552 

,0015062 

Std. Error Mean 

,0014096 

,0013166 

,0003099 

,0002333 

,0000778 

,0001288 

,0001663 

,0001438 

,0002053 

,0001701 

,0027660 

,0022688 

,0053304 

.0076604 

.0003024 

,0005325 

95% Confidence Interval 

Lower 

-,0053082 

-,0034257 

-,0005953 

,0152358 

-,0455214 

-,0003170 

,0326057 

-,1510026 

-,0242354 

-,1089022 

-,2715529 

-,0074649 

-,3459044 

-,0182640 

,0643150 

-,0013592 

Upper 

,0013682 

,0028007 

0008703 

,0163392 

,0451536 

,0002920 

,0318193 

,1503224 

-,0232546 

,1080978 

,2584721 

,0032649 

-,3206956 

,0179640 

-,0628850 

,0011592 

t 

-1,401 

-,237 

,444 

67,662 

-582,924 

-,097 

-193,699 

-1047,380 

-115,692 

-637,920 

-95,812 

,926 

-62,528 

-,020 

-210,337 

-,188 

'^ 

Sig. (2-taiied) 

,204 

.819 

.671 

.925 

^ ' ,000 

.000 

.000 

,000 

,000 

.385 

smo>g:.imm 
^ ^ ^ f l M 

,856| 

Table 62: Results of the paired t-test of the EQ resource utilization rates 

Pair l 

Pair 2 

Pair 3 

Pair 4 

Pair 6 

Pair 7 

Pairs 

Pair 9 

Pair 10 

Palr l l 

Pair12 

Pair 13 

Pair 14 

Pair 15 

Pair 16 

Pair 17 

Pair 18 

M1_ched<er-M2_clieckBr 

M2_ciiecker - M3_checl<er 

Ml bnngaway - M2 bringaway 

M2_bring_away - M3_bring_away 

M2_break_down - M3_break_down 

M1_weigh_opening - M2_weigb_opening 

M2_weigh_opentng - M3_weigh_opening 

M1_weighbridge - M2__weigilbridge 

M2_weighbridge - MSweighing 

M1_export acceptance - M2_export_acceptance 

M2_expoft_acceptance - M3_export_acceptance 

Ml Jateral^sorter - M2_iaterai_sorter 

M2Jaterai_sorter - M3Jalerai_sor1er 

Mljateraidriver - M2_iaterai_driver 

M2Jaterai_dnver - M3Jaterai_driver 

Miequipmenteqweighbridge - M2_equlpmant_eq_welghbridge 

M2_eqüipmenl_eq_weighbridge - M3_Bq_wei9hbridge 

Paired Differences | 

Mean 

,0008125 

-,0052375 

,1818750 

,0001000 

-,0128875 

,2091375 

-,0000500 

,2227125 

.0008500 

.2264675 

-.0129625 

,1485000 

-,0251875 

-.0088500 

.0042750 

.0787250 

-.0004375 

Std- Deviatran 

,0020884 

,0027964 

,0020742 

,0010488 

,0000641 

,0007782 

,0008018 

,0039263 

,0047800 

.0027777 

.0009425 

,0052601 

,0032665 

,0084569 

,0075214 

,0029163 

,0040196 

Std- Errar Mean 

,0007383 

,0009887 

,0007333 

,0003708 

,0000227 

,0002751 

,0002835 

.0013881 

.0016900 

.0009821 

.0003332 

,0018597 

,0011549 

,0029900 

,0026592 

,0010311 

,0014211 

95% Confidence interval 

Lower 

-,0025584 

,0075753 

,1801410 

,0007768 

-,0129411 

,2084869 

-,0007203 

,2194301 

-,0031462 

,2241653 

,0137505 

,1441025 

-,0279183 

-,0159202 

,0020130 

,0762869 

-,0037979 

Upper 

,0009334 

,0028997 

,1836090 

,0009768 

-,0128339 

,2097881 

,0006203 

,2259949 

,0048452 

,2288097 

-.0121745 

,1528975 

,0224567 

,0017796 

,0105630 

,0811631 

,0029229 

t 

-1,100 

-5,297 

248,014 

,270 

-568,779 

760,164 

-,176 

160,439 

,503 

230,625 

-38,898 

79,851 

-21,810 

-2,960 

1,608 

76,352 

,308 

df Sig (2-laliod) 

,308 

,0»1 

,000 

,795 

.000 

,000 

,865 

7^^^^^H 
,630 

.000 

,000 

,000 

,152 

^HKSM 
1^ 
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Table 63: Results of the paired t-test of mail handling times 

Pair 1 M1_arrtvaljnpulJocaton_lo_peadyJn_belly_wagon -
M2 arrival input location to raady In t)elty wa^on 

Pair 2 M2_arrivalJnputJocatlon_to_raady_in_belly_WBgon -
M3 arrival input location to ready in belly viragon 

Pairs M1_Export_arrivalJnpuLiocatton to ready in beity wagon-
M2 Export arrival input location to ready in belly wagon 

Pair 4 M2_Export_arrival_lnputJocalion_to_readyJn_beily_wagon -
M3 Export arrival input location to raady In beMy wagon 

°alr5 Ml Tranat arrival Input lacaHon to tavly in iMlly mgon-
kC TranO arrival input location to rMdy m baHy wagon 

OalrS M2_Transit arrivaljnputjocalion to raady In IwHy wagon-
M3 Tranat arrival input location to rsady In lially wagon 

Pair 7 M1Jmport_anival_lnput_locatloo_to_raadyJn_lielly_wagoo -
M2Jfnport amvajjnput location to raady In belly wagon 

Pair 8 M2Jmpot1_arrlvai_lnput_locatlon_to_ready_ln_baHy_i«igon -
M3Jmport_arrivai_inputJocation to raady In belly wagon 

Pair 9 M1_raadyJn_bei!y_wagon to coiiedion-
M2_raady_in_t)elly_wagon_to collection 

>air10 M2_raady_in_balty_wagon to collection-
M3_raady_in_balty_iwagon to collection 

" a i m M1_collacllon_lo_raady_al_ transport-
\/2 coUadion to raady at transport 

'air 12 M2 collacllon to ready at transport -
M3 cdlacton to nmUfjU Iranaport 

M2Jumaround_tima_niall_aiTlval_FB1_to_raady_at_tranapor 

na tutnaraund Hma man arrival FBI 10 raai^ at tranapor 

PakadDIRmncaa | 

Mean 

-.0679712 

-.0500831 

-.0622757 

-.0593823 

-.0672182 

-.0517784 

-.0737300 

-.0372376 

.2972200 

-.0799367 

-.1267593 

.0002325 

.0056993 

-.0916352 

-.0336298 

-.0967391 

Std. Devlatloii 

.0143500 

,0112811 

,0137229 

,0215558 

,01(2891 

,0121587 

,0127246 

,0092639 

,0756002 

,0399079 

,0033616 

,0040082 

,0784587 

,0660939 

,0684629 

,0694939 

Std, Errar Mean 

,0050735 

,0039885 

.0048518 

,0076211 

,0057520 

.0042968 

,0044968 

,0032753 

,0267287 

,0141414 

,0011885 

,0014171 

,0277386 

,0233677 

,0312764 

,0245698 

95% Conddanca Interval 

Lower 

-,0799681 

-.0595143 

-.0737483 

-.0774034 

-.0606195 

-.0619433 

-.0843881 

-,0449824 

,2340166 

-,1133758 

-,1295697 

-,0031184 

,0301079 

-,1488910 

-,1075886 

-,1568375 

Upper 

-,0559744 

-,0406519 

-,0508030 

-,0413612 

-.0536169 

-.0418134 

-.0630920 

-,0294928 

,3604233 

-,0464978 

-,1239489 

,0035834 

,1612907 

-.0383793 

,0403271 

,0406408 

t 

-13,397 

-12,557 

-12,836 

-7,792 

-11,686 

-12,045 

-16,389 

-11.369 

11,120 

-5.653 

-106,855 

,164 

3,450 

-3,921 

-1,075 

-4,019 

df 

7 

7 

7 

7 

7 

7 

7 

7 

7 

7 

7 

Sig, (2-lalled) 

.000 

,000 

.000 

.000 

.000 

.000 

.000 

,000 

,001 

•üill 
7 . . 7 j 

7 

7 
^̂ H 
^̂ H 7 .3iej 

7^BI 
Table 64: Results of the paired t-test of EQ handling times 

Pair 1 M1_export_acceptance_ËQ_to_ready în_beHy_wagon_at_EQ -
M2 export acceptance EQ to ready in t>etty wagon at EQ 

Pair 2 M2_export_acceptanca_EQ_to_feady_in t)8lly_wagon_at_EQ -
M3 export acceptance 6Q to ready in belly wagon at EG 

Pair 3 M1_arnval breakdown to ready tn belly wagon at EQ_exci_temp -
M2_arrivai breakdown to ready in belly wagon at EQ exct„temp 

Pair 4 M2_arrival_breakdown to ready in belly wagon_at_EQ_excl_lBmp-
M3 arrival breakdown to ready m belly wagon at EQ excl temp 

Pair 5 M1_amval_breakdown_to_ready__al_import_EQ -
M2 arrival breakdown (0 ready at import EQ 

M3 anival breakdown to ready at Import EQ 
>alr 7 M1_raadyJn_belly_wagon_lo_collaction -

M2 raady In belly wagon to coHaction 
"air 8 M2_raadyjn_belly_waoon_lo_collaction -

M3 ready In belly wagon lo collectkHi 
"air 9 Ml .Export ready_ln_bally_wagonJo_collectlon -

M2 Export ready In belly wagon to collection 
Pair 10 M2 Export rBadyJn_belly_wagon to collection -

M3 Export ready In belly wagon to collection 
Pair 11 Ml Tranalt readyJn_belly_wagon to collection-

M2 Tranalt ready in baHy wagon to collection 
Pair 12 M2 Tranalt ready in baHy wagon to collaction -

M3 Tranalt ready in belly wagon to collection 
"air 13 M1 Ijteral raady In bally wagon to coHecdon-

M2 Lateral ready m belly_w^gon to oolleclion 
"air 14 M2 Lateral ready in bally wagon to colleclion -

M3 Lateral ready In belly_«ngon to colleclion 
"air 15 M1_collectlon lo_roady_at_lranaport -

M2 collection lo roa<5i_at tranaport 
"air 16 M2 collectKm to ready at tranaport -

M3 toUectnn to ready at tranaport 
"air 17 M1_lumaround_time_eq_FB1 - M2_kjman>und_llme_e<LFB1 

Paired Differences | 

Mean 

.1450522 

-.0019687 

.2903184 

-.0081516 

.1800143 

-.0067637 

1,7358638 

,0122352 

,7071418 

,0030078 

,8416577 

,0202815 

4,1094722 

,0177780 

,0494789 

,0010179 

5,1524104 

,0079574 

5,1866299 

,0037973 

Std. Deviation 

,0099463 

,0038434 

,0258016 

,0144968 

,0169141 

,0085142 

,0437358 

,0554234 

,0128272 

,0079258 

,0946509 

,1217346 

,0703867 

,0553568 

,0058252 

,0064083 

,1252574 

,1477123 

,1202158 

,1470931 

Std. Enor Mean 

,0035166 

,0013589 

,0091222 

,0051254 

,0059800 

,0030102 

,0154629 

,0195951 

,0045351 

,0028022 

,0335349 

,0430367 

,0248791 

,0195716 

,0020595 

,0022667 

,0442862 

,0522242 

,0425027 

,0620053 

95% C>>nfklence Interval 
Lower 

,1367369 

,0051819 

,2887477 

-,0202712 

,1658737 

,0138817 

1,6992998 

-,0340999 

,6964179 

,0038184 

,7623604 

-,0814914 

4,0506425 

,0285034 

,0448089 

-,0043396 

5.0478026 

-.1155332 

5.0881269 

-,1191758 

Upper 

,1533675 

,0012444 

,3118891 

,0039680 

,1941548 

,0003543 

1,7724278 

,0585703 

.7178858 

,0096340 

,9209551 

,1220543 

4,1683019 

,0640555 

,0543490 

,0063754 

5,2571282 

,1314479 

55671326 

,1267702 

t 

41,248 

1,449 

31,825 

-1,590 

30,102 

-2,247 

112,260 

,624 

155,926 

1,073 

25,098 

,471 

185,178 

,908 

24,024 

,449 

116.346 

.152 

122.031 

,073 

df 

7 

7 

a^^jted) 

'̂ Ĥ 7 ,iH 
7^^^H| 
7 

7 

7 

,059 

• ! 
7^^^^^H 
7 ,319 

7^^^^^H 

H a 
^q 

7^^^^^H 
' . " 3 

7 ^ ^ ^ ^ | 

7 ,944 

Table 65: Results of the paired t-test of small EQ handling times 

M3 export accapnnoe EQ ID belly wagon at Mall department 

M3 Averagatumaround lime eq_FB1 
Pair 4 M2_Averag6_tumafound_tlme_eq_ATA_to_ATD_piane -

M3 Average turnaraund time et^ATA to ATD plane 

Paired DUferancM | 

Maan 

,1178981 

-,1300783 

-,1184643 

-,1145372 

Std. Deviation 

,0077239 

,0222718 

,0756418 

,0691764 

SU Errar Mean 

,0027308 

,0078743 

,0267061 

,0244575 

thaDmnenoe 

Lower 

,1243554 

-,1486980 

-,1816188 

-,1723701 

upper 

-,1114407 

,1114688 

-,0553097 

-,0567043 

t 

-43,173 

-16,519 

-4,436 

•4,683 

df 

7 

7 

7 

7 

Sig. (2-tailad) 

,0M 

,000 

,003 

• • • 
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Table 66: Results of paired t-test of cargo on earlier flight and number of re-bookings 

Pair 1 M1_nr_of_export_maiibags_coliected_to_fly_on_earlier_fliglit -
M2_nr_of_export_maiibags_coliectGd_to_fiy__on_earlier_fliglit 

Pair 2 M2_nr_of_export_maiibags_coliBctBd_toJly_on_ear!iar_fiigiit -
M3 nr of export maiibags collected to fly on earlier ttigî t 

Pair 3 M1_nr_of_transit_mailbags_cotlectGd_to_fly_on_earlter_fitgtit -
M2_nr_ofJransit_mailbags_collected_toJly_on_Garlier_fligiit 

Pair 4 M2_nr_of_transit_maiibags_coliected_to_fly_on_earliBr_fiight -
M3 nr of transit maiibags coliectad to fly on earlier flight 

Pair 5 M2_nr_of_export_febookings_of_SMALL_EQ_coiiecled_eartier -
M3 nr of export rebookings of SMALL EQ collected earlier 

Pair 6 f^_nr_of_rebookings_of_SMALL_EQ_coilected_earlier_flight -
M3 nr of transit rebookings of SMALL EQ collected earlier 

Pair 7 M2_nr_of_rebookings_of_EQ_co)lected_to_fly_on_Barii6r_ftight -
M3 nr of rebookings of EQ collected to ^y on earlier flight 

Pair 9 M2_Transit_nr_of_rBbookings_of_EQ_oiiected_early -
M3 Transit_nr_of_rBbookings_of_EQ_oiiected_early 

Pair 10 M2_Latetal_in_nr_of_rebookings_of_EQ_oilected_eariy-
M3 Lateral in nr of rebookings of EQ ollected sariy 

Paired Differences | 

Mean 

-26,760 

9.500 

-2548,625 

323.500 

2,500 

17.375 

,125 

,125 

,000 

Std. Deviation 

3,955 

4,140 

270,103 

181,210 

1.195 

7.852 

1.553 

.835 

1.512 

Std. Error Mean 

1,398 

1.464 

95.496 

56.996 

.423 

2.705 

.549 

.295 

.535 

95% ConfidencB Interval 

Lower 

-30,067 

6.039 

-2774.436 

188.725 

1.501 

10.978 

-1,173 

-,573 

-1,264 

Upper 

-23,443 

12,961 

-2322,814 

458,275 

3.499 

23.772 

1.423 

.823 

1.264 

t 

-19,130 

6,490 

-26,688 

6,676 

5,916 

6,422 

,22S 

,424 

,000 

df Sig, (2-Iailedi 

,000 

,000 

,000 

^ ,001 

^K '"" • • 
,828 

,685 

1,000 

Table 67: Results of paired t-test of cargo that missed their flight and of the space requirement at mail and EQ 

Pair 1 M1_nr_of_mallbags_whicti_wiii_miss_flight_at_coiiection -
M2 nr of maiibags which will miss flight at collection 

Pair 2 M2_nr_of_maiibags_which_wiil_miss_fiight_at_colleclion -
M3 nr^ofmaiibags which will miss flight at collection 

Pair 3 M1_nr_of_mailbags_whlch_wil!_miss_fiight_at_transportatkxl -
M2 nr of maiibags which will miss flight at transportation 

Pair 4 M2_nr_^Qf_mailbags_which_wii]_miss_flight_at_transportatlon -
M3 nr_of maiibags which will miss flight at transpoitation 

Pair 5 M1_AWBs_missing_ftight_due_to_flight_closing -
M2 AWBs missing flight due to flight closing 

Pair 7 M1_AWBs_missing_flght_atJransportation -
M2 AWBs missing fight at transportation 

Pair 8 M2_.AWBs_missing_flght_at_transportatk)n -
M3 AWBs missing flight at transportation 

"air 9 M2_AWBs_missin9jlighl_at_mail_al_collection -
M3 AWBs missing flight at mail at collection 

"air 10 M2_AWBs_missing_flight_at_maiLat_transportation -
M3 AWBs missing tl^ht at mail at Iransportatron 

Pair 11 M1_max_nr_of_(ocations_required_at_mailJn_simutabon -
M2 max nr of locations required at mail in simuiaflon 

Pair 12 M2_max_nr_of_locations_required_at_mailjn_simulation-
M3 max_nr_of_locations required at mail in simulation 

Pair 13 M1_max_nr_of_locaflons_requlrBdat_EQ_in_simulation -
M2 max nr of locations required at EQ in simuiatkjn 

Pair 14 M2_max_nr_of_locations_required_at_EQ_in_simuiatkjn -
M3 max nr of locations reguiiBd at EQ in simulaton 

Paired D^rences | 

Mean 

-374,375 

-346.375 

2497.250 

120.875 

81.250 

-13,125 

,625 

-14,125 

8.000 

-20.750 

1,125 

136,375 

1,125 

Std. Deviation 

140,260 

197.646 

363.637 

257.481 

1.869 

12.999 

5.854 

2.416 

27.092 

1,389 

1,356 

1,847 

1,553 

Std. Error Mean 

49,569 

69.878 

128.636 

91.033 

.590 

4.596 

2.070 

.854 

9.579 

.491 

.479 

.653 

,549 

the Diflerence 

Lower 

-491,635 

-511.611 

2193.074 

-94.385 

79JI56 

-23.993 

-4.269 

-18.145 

-14.650 

-21.911 

-.009 

134.831 

-.173 

Upper 

-257,116 

-181.139 

2801.426 

336,135 

82.645 

-2.257 

5.519 

-12,105 

30.650 

-19.589 

2^59 

137.919 

2,423 

t 

-7,560 

-4.9S7 

19,413 

1,328 

137,689 

-2,858 

,302 

-16,633 

,835 

-42,262 

2.348 

208,861 

2,049 

df 

7 

7 

7 

7 

7 

7 

7 

7 

7 

7 

7 

7 

7 

Sig, (2-tailed) 

_ _ 

^^^J 
3 

^•H 
^ ^ ^ ^ 

,771 

Ĥl ,4311 

IHH ,0511 

mH Zo| 
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Y.5 Simulation results base model and refined model 

Table 68: Simulation results base model and refined model (significant difference are marked g 

RcsoiffiM usoae mall 
hr mall unload 
hr mail scanning 
lir mail switching 
hr mail carousel EUR 
hr mall carousel ICA 
hr mail carousel USA 
hr_maiLweighint.EUR 
hr mail weighinL.intercontinental 
equipnient_mail weighbridge 

Resovne usage eq 
hr eci_checker 
hr eOring_away 
hr eq_bfeak down 
hr eq_weigh opening 
hr eq_weighbndge 
hr eq_export acceptance 
hf eq^lateral sorter 
hr eq_lateral driver 

HaneHngUmesmalliltp 
Ttme iMtween arrival input location - ready in belly wagon 
Bxport - T3me between arrival input location - ready in beify wagon 
Transit - 7*ne between arrimi input location - ready in belly wagon 

Time between ready in belly wagon - collection 
Time between collection - ready at transport 
Average turnaround time mail; arrival FBI -ready at transport 
Average turnaround time mail STA-ATO plane 

X of scheduled FTE 

W of scheduled FTE 
% of scheduled FTE 

% of scheduled FTE 
X of scheduled FTE 
% of scheduled FTE 
% of scheduled FTE 

Kof scheduled FTE 
Kof scheduled FTE 
Kof scheduled FTE 
Kof scheduled FTE 
KofschwIuledFTE 
Kof scheduled FTE 
Kof scheduled FTE 
Kof scheduled FTE 
Kof scheduled FTE 

hour 
hour 
hour 
hour 
hour 
hour 
hour 
hour 

\Hai>dllnatlmtseifdep 
Time between export acceptance EQ - ready in belly wagon at EQ 
Time betvveen arrival brealt(k>wn - ready in belly wagon at EQ 
Time between arrival breakdown - ready in belly wagon at EQ 
Time between arrival breakdown - ready at import EQ 
Time between reaiiy in twily wagon • collection 
Export - Tinte between ready in belty wagon • collection 
Transit - Tone between ready in belly wagon - collection 
Lateral - Time between ready in belly wagon - collection 
Time between collection - ready at transport 
Average turnaround time eq FBI 
Average turnaround time eq FBI ATA-ATD plane 

hour 
hour 
hour 
hour 
hour 
hour 
hour 
hour 
hour 
hour 
hour 

iHimdUngtlmeseqiMAU 
Time between export acceptance EQ - belly wagon at Mail department 
Time between arrival breakdown - ready in belly wagon at Mall department 
Averageturnaround time eq FBI 
Average turnaround time eq ATA-ATD plane 

Number of maiibags flown on earUerplght 
Number of export maiibags collected to fly on earlier flight 
Number of transit maiibags collected to fly on eariier flight 

Sum of imilbags flonvn on earlier night 

Nmnktr of rebookings for ea flown on earHerfll^ 
Number of rebookings of SMALL EQ collected to fly on earlier flight 
Number of rebookings of SMAU EQ collected to fly on earlier flight 
Number of rebookings of EQ collected to fly on earlier flight 
Export 
Transit 
Lateral in 

Sum of rebookings «or EQ «loini on Mfliar «Hgiit 

Number of maiibags which will miss flight at collection 
Number of maiibags which wiH miss flifht at transportation 

Sum of maiibags which wll mils mad* «t i l t 

Number of EQ AWBs that will miss their booked flight due to flight ckising 
Number of EQ AWBs that will miss their booked flight at transportation 
Number of EQ AWBs that will miss their booked flight at mail at collection 
Number of EQ AWBs that will miss their booked flight at mail at transportation 

Sum of missed EQ bookings 

Maximum number of locations required at mail in simulation 

Maximum number of locations required at eq in simulation 

hour 
hour 
hour 
hour 

collo 
collo 

collo 

AWB 
AWB 
AWB 
AWB 
AWB 
AWB 

AWB 

collo 
colk) 

collo 

AWB 
AWB 
AWB 
AWB 

AWB 

kKations 

locations 

Average 
0.71 
0.70 
0.29 
0.M 
O M 
0.16 
OAl 
0.«9 
0 .U 

Average 
0.27 
OM 
O l » 

a n 
0.S1 
OM 
OM 
027 
a u 

Average 
e.3t 
0.13 
a4« 
0.31 
7.Ï2 
0.1« 
7.9» 
9.99 

Average 
0.40 
2.17 
0.M 
0.4S 
S.C1 
7.<7 
9.55 
g.41 
0.30 

14.42 
16.S7 

Average 
n.a. 
n.a. 
n.a. 
n j . 

Average 
12« 

1S727 

16853 

Average 
n.a. 
n-a. 
n.a. 
n.a. 
n.a. 
n.a. 

n-a. 

Average 
1474 
3t«l 

53SS 

Average 

*4 
47 

n.a. 
n.a. 

141 

Average 
11 

Average 
187 

Change 
OK 
OK 
OK 
OK 
OK 

^ ^ 0 * 

^̂ ^̂ 1 ^̂ ^̂ 1 aw«a 
^ ^ 0 * 

OK 

IHIH ^̂ m 
^ ^ O K 

' IK 
-2K 

Oiaive 
IK 

4% 
1% 

m 
OK Change 
2K 

n.a. 
^ ^ ^ ^ 1 • 
^̂ ^̂ 1 1 

Chaise 
n.a. 
n.a. 
n.a. 
n.a. 

dunte 

1696 

Chwce 
n.a. 
n.a. 
n.a. 
n.a. 
n.a. 
n.a. 

n.a. 

wk 
-SOK 

128K 
n.a, 
n.a, 

23K 

e 

AveraBe 
0.71 
0.70 
0.29 
0.19 
OJl 
0.16 
0.46 
0^1 
0.21 

Averate 
0.27 
0.40 
0.31 
0.27 
0.50 
0.48 
0.21 
0 ^ 
0.19 

Avante 
0J9 
lUO 
0.41 
0.31 
7.0S 
0.17 
7.7S 

10.02 

Average 
0.41 
n j . 

0.66 
0.54 
7.51 
6.46 
9.09 
4.50 
0.28 
9.94 

12.14 

Average 
n.a. 
n.a. 
n.a. 
n.a. 

Average 
154 

19460 
19614 

Average 
n.a. 
n.a. 
634 

9 
104 
521 

634 

Averafa 
1783 
894 

2677 

Average 
67 

107 
n.a. 
n.a. 

174 

Average 
80 

Average 
99 

rei y) 
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Y.6 Results paired samples t-test base model and refined model 
Due to te use of a Dutch version of SPSS, the decimal separator is a comma in the tables below. 
The significant differences are marked grey. 

Table 69: Results of paited t-test of the mail resource utilization rates 

Pair 1 M1_unload - M4_unioad 

Pair 2 Ml scanning M4_scanning 

Pair 3 Mlswitching - M4_swilcning 

Pair 4 Ml _carousel_EUR - M4_carousel_EUR 

Pair 5 MIcarouselJCA - M4_cat^uselJCA 

Pair 6 M1_carousel_USA - M4^carousel_USA 

Pair 7 M1_weighing_EUR - M4_v»ei9hing_EUR 

Pair 9 Ml^mall^welghbildge - M4_iTiail_welghbrldge 

Paired Differences J 

Mean 

-,00031 

-.00011 

-.00008 

-.00004 

,00010 

-,00016 

-,05079 

-,01S28 

-,02021 

Std. Deviation 

,0017788 

.0009702 

.0001659 

,0003292 

,0003024 

,0004207 

,0047082 

,0033868 

,0008408 

Std. Error Mean 

,0006289 

,0003430 

,0000690 

,0001164 

,0001069 

,0001487 

,0016646 

,0011974 

,0002973 

Difference 

Lower 

,0017996 

,0009236 

,0002145 

,0003127 

,0001528 

,0005142 

,0547236 

,0211065 

-,0209154 

Upper 

,0011746 

,0006986 

,0000645 

,0002377 

,0003528 

,0001892 

-.0466514 

,0154435 

-,0195096 

t 

-,497 

-,328 

-1,271 

-,322 

,935 

-1,093 

-30,510 

-15,262 

-67,993 

df 

7 

7 

7 

7 

7 

7 

Sig. (2-tailed) | 

,634 

,753 

,244 

.757 

,381 

,31 l l 

7 ^ ^ ^ | | ^ | 

7 ^ ^ ^ ^ ^ | 

7 ^ ^ ^ ^ ^ | 

Table 70: Results of paired t-test of the E Q resource utilization rates 

Pair 1 Ml.chacker - M4_checker 

Pair 2 M1_bnng_away - M4 bringaway 

Palr4 M1_welgh opening - M4 weigh opening 

Pairs M1_weighbridge - M4_weighbrid9e 

Pair 6 M1_export_acceptance - Iyt4 exportacceptance 

Pair 7 Mljateralsorter - ryl4 iateraisorter 

Pair 8 Ml Jateraldriver - M4Jateral_driver 

Pair 9 M1_equipment_eq_we^hbndge - M4_equipment_eq_weighbridge 

Paired Differences 1 

Mean 

-,00076 

-,02438 

.04193 

.00998 

-.00191 

,14509 

-,00271 

,00294 

Std, Oeviation 

,001700 

,001830 

,000673 

,004932 

,003396 

,003826 

,003653 

,003652 

Std, Error Mean 

,000601 

7o00647 
,000238 

,001744 

,001201 

,001353 

,001292 

,001291 

Difference 

Lower 

-,0021833 

-,0259047 

,0413620 

,0058517 

,0047513 

,1418889 

-,0057664 

-,0001153 

Upper 

,0006583 

-,0228453 

.0424880 

,0140983 

,0009263 

,1462861 

,0003414 

,0059903 

t 

-1,269 

37,680 

176,074 

5,720 

-1,593 

107,258 

2,100 

2,275 

df 

7 

7 

7 

7 

7 

Sig, (2-tailed) 

j 4 5 

ira 
'iji't'ï.ssmm 

.isi| 
7 ^ ^ H ^ ^ H 
7 ,074 

7| ,057 

Table 71: Results of paired t-test of mail handling t imes 

Pair 1 Ml^amvaljnputjocationto readyjn beilywagon -
M4 arnvai input location to ready in belty wagon 

Pair 2 M1_Export_anivaljnput_iocation_to_readyJn_beily_wagon -
M4 Export arrival input location to ready in beily wagon 

Pair 3 M1_Transit_arrivaiJnputJocation_to_readyjn_beiiy wagon -
M4 Transit arrival input location to ready in beiiy wagon 

Pair 4 M1Jmpor1_arrivalJnputJocation_to_ready_in_beity_wagon -
M4 Import anival input location to ready In beily wagon 

Pair 5 M1_ready_in_beily_wagon_to_coilection -
1 M4 ready in beiiy wagon to collection 
Pair 6 Ml collection to ready at transport - tiM coiiectkjnto ready_atJransport 

Pair 7 M1_turnaround_time_mail_arnvai_FB1_to_ready_at_transport -
M4_tumaround time mail ardvai FBI to ready at transport 

Pair 8 Ml Average_tumarDund time mail STA toATDpiane -
fwM Average turnaround time mail STA to ATD plane 

Paired Differences | 

Mean 

-.00521 

-,00770 

-.00567 

-.00170 

,27610 

,00647 

,23811 

-,02177 

Std. Deviation 

,0076210 

,0147118 

.0079574 

.0124726 

,0543731 

.0020077 

.0632385 

.0472588 

Std. Error Mean 

,0026944 

,0052014 

.0028134 

.0044097 

.0192238 

.0007098 

.0223582 

.0167085 

Difference 

Lower 

-.0115859 

-.0200038 

-.0123182 

-.0121274 

,2306437 

-,0081498 

.1852394 

-.0612835 

Upper 

,0011667 

,0045650 

.0009869 

.0087274 

.3215579 

-.0047928 

.2909769 

,0177352 

t 

-1,935 

-1.481 

-2,014 

-,386 

14,362 

-9,117 

10,650 

-1,303 

df 

7 

7 

7 

7 

Sig. (2-taiied) 

,094 

,182 

,084 

,711 

7 ^ ^ ^ ^ ^ H 

7 

7 
^̂ H 
^̂ H 7 ,234 

Table 72: Results of paired t-test of E Q handl ing t imes 

Pair 1 M1_export_acceptance_EQ_to_ready_in_belly_wagon_at_EQ -
M4 export acceptance EQ to ready in beiiy wagon at EQ 

Pair 2 M1_arnval breakdown_to_ready_in_beliy_wagon_at_EQ_exclJemp -
M4 anival breakdown to ready in beiiy wagon at EQ exd temp 

Pair 3 M1_arrival_breakdownJo readyat^importEQ -
M4 arnvai breakdown to ready at import EQ 

Pair 4 M1_readyjn_beily_wagon_to_collection -
M4 ready in beily wagon to collection 

Pair 5 M1_Expori_ready_in_beily_wagon_to_coiiection -
M4 Export ready in beiiy wagon to collection 

Pair 6 M1_Trans!t_ready_in_beliy_wagon_to_collection -
M4 Transit ready in belly wagon to caltection 

Pair 7 MILateraiready Jnbei lywagontocoi iect ion -
f ^ Lateral ready in beily wagon to collection 

Pair 8 Ml coilection_to_ready_at_transpor1 - r^_coiiection_to_rBady_at_lTansport 

Pair 9 M1_tumaround_time_eq_FB1 - f^Jurnaround_time_eq_FB1 

Pair 10 M1_tumaround_time_eq_FBVATAJo_ATD_piane -
M4 turnaround time eq_FB1 ATA to ATD_p[ane 

Paired Differences | 

Mean 

-,00673 

-.06624 

-.05700 

1.09853 

1.01494 

.45727 

3.91700 

.01847 

4.47914 

4,43199 

Std. Deviatkin 

,0087004 

,0319178 

.0278200 

,0353076 

,0118629 

,0563883 

,0386974 

,0059133 

,0661298 

,0559218 

Std. Error Mean 

,0030761 

,0112846 

.0096359 

.0124831 

.0041942 

.0199363 

.0136816 

,0020907 

,0233804 

,0197713 

Dflerence 

Lower 

-,0140051 

-,0929201 

-,0802629 

1,0690164 

1.0050233 

.4101320 

3.8848450 

.0135291 

4.4238528 

4,3652407 

Upper 

,0005424 

-,0395522 

-,0337468 

1,1280521 

1,0248585 

.5044156 

3,9493488 

,0234164 

4,5344245 

4,4787442 

t 

-2,168 

-5,870 

-5,796 

88,002 

241,989 

22,937 

286.297 

8,836 

191,577 

224,163 

df 

7 

7 

Sig. (2-taiied) 

.065 

^B 
mÊ 
_ ^ m\ 

• H 
. .,«00 

|060 

J»0 

.ooo| 

Table 73: Results of the paired t-test of cargo on earlier flight and number of re-bookings 

Pair l 

Pair 2 

M1_nr of_expoit_mailbags_collected_to_fly_on_earlier_flight-
M4 nr of export maiibags collected to fly on earlier fl^tit 
M1_nr_of_transit_malibags_collected_to_fly_on_earlier_fIlght-
M4 nr of transrt maiibags collected to fly on earlier fllgtit 

Paired Differences | 

Mean 

-28,00 

-2733,13 

Std. Deviatkin 

5,606 

198,960 

Std. Enor Mean 

1,982 

70,343 

Difference 

Lower 

-32,667 

-2899,460 

Upper 

-23,313 

-2566,790 

t 

-14,127 

-38,654 

df 

7 

7 

Sig. (2-tailed) •H ira 
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tabl E 74: Results of paired t-test of cargo that missed their flight and of the space requirement al 

Pairl 

Pair 2 

Pairs 

"air 4 

Pairs 

Pair 6 

M1_nr_of_mailbags_which willmtssflight at collection-
tM nr of maiibags which will miss flight at collection 
M1_nr_of_mai!bags_which_will_miss_flignt_at_transportaDon-
M4 nr of maiibags which will miss ftignt at transportation 
M1_nr_EQ_AWBs_missing their booked flight at flight closing-
M4 nr EQ AWBs missing their booked flight at flight closing 
M1_nr_EQ_AWBs_missing_their„bookedJlght_at_transport-
M4 nr EQ AWBs missing their booked flight at transport 
Ml maxnrof jocations requiredatmail jn_simutat!on -
IwM max nr of locations required at mail in simulation 
M1_max_nr_of_locations_required_at_EQ in^simuiation-
M4 max nr of locations required at EQ in simulation 

mail and EQ 
Paired Differences | 

Mean 

-309,38 

2887.88 

27,50 

«1.00 

.75 

88,50 

Std. Deviatkin 

115,653 

396.368 

2.449 

13.234 

.707 

2,268 

SU. Error Mean 

40.890 

140*40 

.866 

4J79 

.250 

,802 

95% Confidence Inten/al 

Lower 

^06.064 

2664.841 

25.452 

-71.0I4 

,159 

86,604 

Upper 

-212,686 

3320.908 

29.548 

- 4 M M 

1.341 

90,396 

t 

-7,566 

21,215 

31,754 

-12,823 

3,000 

110,379 

d< 

7 

Sig, (2-lailed) 

^HH -• -3 .«» 
.04 

,00 

,024 
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