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Abstract 
 

This master thesis describes a project carried out at Philips Healthcare in Best. The subject of 
investigation in this project is the balance between inventory and logistics costs for spare parts of 
medical equipment. Current inventory policy minimizes investment in inventory while satisfying fill 
rate 

 constraints. Logistics costs of replenishment are not considered, as there is only one transportation 
mode. In this research, logistics costs are included in the trade-off and different transportation 
modes are compared in both a system-approach and an item-approach. From this study it is 
concluded that significant benefits can be obtained by introducing both a faster transportation mode 
and a slower transportation mode next to the current mode. The most important variables impacting 
total costs and optimal transportation mode are part value, demand and part volume.  
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3. Network and operations 
 

The first part of section 3 describes the global layout of the network. Section 3.2 deals with the 
operations within this network in more detail. Both elements are important to provide background 
information to the formal problem statement that concludes this chapter. 

3.1 Network layout  
 

As SPS is responsible for the global supply of spare parts, many warehouses are run all over the 
world. To be able to manage all warehouses, the network is split into three different regions. Each 
network has its own characteristics in terms of processes and layout. The three regions that can be 
distinguished are: Asia Pacific (APAC), Europe, Middle East, Africa (EMEA) and America (AMEC). 
Within each region, one Regional Distribution Centre (RDC) is run to supply Local Distribution Centers 
(LDCs) and Forward Stocking Locations (FSLs) within that region.  

 

Figure 4 Overview of global warehousing locations 

Within a network, parts are distributed according to the layout as depicted in figure 5. The network 
consists of SPS locations, customer locations, vendor locations and flows between them. The flows 
can be divided into forward or reverse, or vendor facing (vendor to SPS or SPS to vendor), customer 
facing (SPS to customer or customer to SPS) and in-network (SPS to SPS).  

 
 

 

 

Figure 5 Network flows SPS 
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The central warehouse will distribute spare parts to downstream warehouses and customers 
directly. Although the demand from customers directly is more likely to have an immediate 
impact on service performance, no priority rules are included in the model. In other words: all 
demand arriving at the central warehouse will be fulfilled in First Come First Served (FCFS) order.  

 

6. Analysis of the model 
In this section we deal with the analysis of the model. The way the input variables will be translated 
into performance measures and output variables will be described. First, we describe how a two 
echelon system, with independent Poisson demand processes, complete backordering and one-for-
one replenishments can be evaluated. In the second section we describe the optimization procedure 
for this system. 

6.1 Evaluation 
 

 

 
Figure 11 Layout of the model 
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slowest air service that is offered by UPS, as it is a consolidated service. The lead-times of this service 
can also be found in Table 3. These lead-times are used by planning for setting TSLs and are the result 
of a similar analysis.  

The third transportation mode that will be considered in this research is a Less Container Load (LCL) 
service. This service is used when a shipper wants to ship cargo of a volume less than the volume of a 
full container. The operator of the transport will accept orders from different shippers and 
consolidates them into one container. This makes it a relatively inexpensive, but slow service. As this 
type of service is currently not being operated within SPS, indications for transportation times have 
been acquired from different carriers offering these services. These indications are displayed in Table 
3.  

Mode Lane Planning Lead-time (days) 
Express Parcel (1) EMEA-AMEC 9 
Regular Airfreight (2) EMEA-AMEC 17 
LCL (3) EMEA-AMEC 41 
Express Parcel (1) EMEA-APAC 7 
Regular Airfreight (2) EMEA-APAC 13 
LCL (3) EMEA-APAC 41 
Express Parcel (1) EMEA-LDC 2 6 
Regular Airfreight (2) EMEA-LDC 2 16 
LCL (3) EMEA-LDC 2 74 
Express Parcel (1) EMEA-LDC 1 7 
Regular Airfreight (2) EMEA-LDC 1 17 
LCL (3) EMEA-LDC 1 61 
Express Parcel (1) AMEC-EMEA 10 
Regular Airfreight (2) AMEC-EMEA 14 
LCL (3) AMEC-EMEA 24 
Express Parcel (1) AMEC-APAC 7 
Regular Airfreight (2) AMEC-APAC 16 
LCL (3) AMEC-APAC 59 
Express Parcel (1) AMEC-LDC 2 6 
Regular Airfreight (2) AMEC-LDC 2 16 
LCL (3) AMEC-LDC 2 50 
Express Parcel (1) AMEC-LDC 1 5 
Regular Airfreight (2) AMEC-LDC 1 17 
LCL (3) AMEC-LDC 1 61 
Express Parcel (1) APAC-EMEA 9 
Regular Airfreight (2) APAC-EMEA 0 
LCL (3) APAC-EMEA 46 
Express Parcel (1) APAC-AMEC 7 
Regular Airfreight (2) APAC-AMEC 16 
LCL (3) APAC-AMEC 52 
Express Parcel (1) APAC-LDC 2 7 
Regular Airfreight (2) APAC-LDC 2 16 
LCL (3) APAC-LDC 2 20 
Express Parcel (1) APAC-LDC 1 6 
Regular Airfreight (2) APAC-LDC 1 7 
LCL (3) APAC-LDC 1 24 
   

Table 3 Overview of lead times for different transportation modes 
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Besides the lead-time, these transportation modes also differ in cost (structure) and restrictions. 
Parts that are shipped using express service will be billed based on chargeable weight (CW), where 
volume and weight are taken into account. The price for a shipment is determined by the carrier 
based on the lane and chargeable weight.  

Regular Airfreight has as similar cost structure as express parcel, although the calculation for 
chargeable weight is different. 

Cost structure for LCL replenishment is different from air services. Also here both volume and weight 
are taken into account when calculating transportation costs.  

The cost calculations for all modes use multiple pricing elements to include all door-to-door 
movements. As a result the total cost can be divided into a part that is fixed per shipment and a part 
that is varies according to the chargeable weight of the shipment. The fixed parts is mainly due to 
customs clearance. Both elements are included in the calculations.  

Although one-for-one replenishment can be assumed, benefits of consolidation will be taken into 
account for this service. On a daily basis, regular air freight services are being used for all relevant 
lanes. This consolidation is included in the lead time and should therefore also be taken into account 
for the cost calculations. In practice, this means that the fixed part of the shipment can be divided by 
the average number of items on an airway bill for a specific lane. This is not the case for express 
shipments. As the shorter lead-time for this service is partly reached by faster handling. This fast 
handling is enabled by not consolidating shipments, thus the fixed fee has to be paid for single items. 
The fixed shipment fee can be neglected for LCL replenishment since there is a very high level of 
consolidation, which is reflected by the lead-time. 
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Hot receipt 1% 

Total 59% 

Table 6 Overview of backorder resolutions 

As can be derived from table 6, the regular distribution network is being overruled to resolve the 
backorder in about 50% of the cases. For around 10 percent of the cases, the normal distribution 
network is still leading, but logistics operations are being speeded up. This does not affect the 
assumption of lateral supply.  

It can be concluded that the assumption of no lateral supply in the network is not entirely true. 
However, lateral supply will not be included in the model. This means that the stocking levels that 
will be decided upon in this chapter, may be conservative. Optimal stocking levels will be lower when 
lateral supply would be included in the model. 

4. All demand that arrives at a location without on hand inventory is backordered  

No customer demand is lost. This makes sense, since it can reasonably be assumed that the original 
equipment manufacturer (OEM) is the only supplier of spare parts. Although no demand is lost, the 
way these backorders are fulfilled is different from the assumption. In roughly 50% of the 
backorders, the part is supplied from a location other than the parent location. For about 10% of the 
cases, faster transport is being used to reduce backorder resolution time. This leaves roughly 40% of 
the cases for which the 4th assumption perfectly holds.  

5. First come first served (FCFS) 

The assumption that both direct and indirect demand at the central warehouse is handled FCFS is 
met. At the central warehouse orders will be fulfilled in the order they arrive, without any priority 
rules. 

 

 

8.2 Input values 
 

The Matlab script runs the optimization as described in Section 6. Results of the optimization are 
based on the input parameters as depicted in table 7 below. The first section of parts belong to a 
AMEC-rooted network. The second half belongs to a EMEA-rooted network. 

Part Number Unit 
Cost 

(Euro) 

DEMAND (units/month) Root 
LT 

(days) 

Vol. 
(CM3) 

Net  
Weight 

(KG) 

OBS. factor  
AMEC EMEA APAC LDC 

1 
LDC 
2 

1 10020 1,75 1,31 0,96 0,47 0,34 34 351714 150 0,005 
2 4073 13,55 4,65 3,32 2,47 1,92 65 195650 45,2 0,005 
3 7509 7,15 0,92 0,15 0,17 0,00 35 9216 1,3 0,17238 
4 1500 4,31 1,69 0,92 0,57 1,58 89 177320 29,2 0,005 
5 2089 11,15 5,60 2,96 2,04 0,40 34 12474 1,1 0,005 
6 13436 7,96 3,57 0,33 0,59 0,35 41 35100 5,85 0,005 
7 14572 3,16 1,84 0,93 0,30 3,30 28 79968 7 0,15 
8 5666 2,17 3,89 1,47 1,89 0,18 39 185640 75,9 0,005 
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9 3696 7,01 1,17 0,33 0,41 0,00 26 10478 1,65 0,005 
10 1444 2,95 1,36 0,17 0,13 0,17 78 23616 8,08 0,005 
11 2247 13,57 4,12 1,79 0,96 0,27 83 28900 4,2 0,005 
12 5490 8,67 4,34 2,05 1,75 1,49 99 181764 25 0,005 
13 13704 0,89 1,12 0,00 0,00 0,00 37 19152 1,55 0,005 
14 1465 7,67 2,58 0,59 0,61 0,33 76 27072 3,8 0,005 
15 2350 0,36 0,08 0,50 0,00 0,00 89 54272 2,85 0,005 
16 10884 0,48 0,42 0,07 0,17 0,00 37 17664 1,8 0,005 
17 7186 7,87 8,18 0,69 0,58 1,27 39 323676 73 0,005 
18 1021 1,37 0,49 0,25 0,63 0,00 32 13608 4,8 0,005 
19 3612 0,83 0,81 0,00 0,00 0,00 30 29524 2 0,005 
20 10334 0,33 0,33 0,00 0,93 0,00 34 7998 2 0,005 
Part Number Unit 

Cost 
(Euro) 

DEMAND (units/month) Root 
LT 

(days) 

Vol. 
(CM3) 

Net 
Weight 

(KG) 

OBS. factor 
EMEA AMEC APAC LDC 

1 
LDC 
2 

21 11813 2,70 3,34 2,38 0,91 1,43 70 20295 1,95 0,005 
22 5337 3,14 1,81 1,98 1,92 1,11 83 80784 4,5 0,005 
23 35414 0,03 0,00 0,00 0,00 0,00 91 783000 13,7 0,005 
24 3809 0,74 1,79 2,40 0,31 0,98 38 124468 5,6 0,005 
25 34677 3,15 7,54 1,21 0,00 0,00 33 64320 12 0,005 
26 19114 0,57 0,16 0,61 1,06 0,10 46 96642 15 0,005 
27 3090 2,85 0,20 0,31 0,00 0,00 48 334875 64 0,005 
28 2210 0,20 3,34 0,25 0,00 0,00 31 116584 6 0,005 
29 18950 3,74 2,59 1,48 0,08 1,01 35 157620 30,4 0,005 
30 5084 2,40 9,48 0,61 0,03 0,36 60 124080 35,4 0,005 
31 2166 1,00 7,79 0,82 0,16 0,17 29 127490 20,1 0,005 
32 1908 1,63 1,07 0,04 0,23 0,46 82 19152 1,4 0,005 
33 2165 0,53 1,12 0,49 0,00 0,00 89 16100 1,5 0,005 
34 11759 11,94 6,73 4,34 4,28 0,88 64 206770 18 0,005 
35 6343 4,86 2,98 1,78 1,22 2,08 31 1006590 63,2 0,005 
36 3492 2,12 1,69 0,60 0,28 1,11 52 42588 5,2 0,005 
37 3667 1,82 0,95 0,64 0,12 1,24 34 350343 36 0,005 
38 5327 1,31 0,77 0,67 0,17 0,48 35 411312 37 0,158547237 
39 4477 2,84 1,68 0,00 0,00 0,17 43 233600 35 0,005 
40 2933 0,76 0,17 0,00 0,17 0,00 45 52920 6,5 0,005 

Table 7 Overview of values for input parameters 

It is clearly visible that the selected parts differ in high extent in terms of unit costs, demand, volume 
and weight. This was the aim during the selection procedure in order to be able to indicate outcome 
predictors later on. Obsolescence factor does not change dramatically over the different parts. Root 
Lead-times are based on suppliers, and tend to differ. However this will most likely only affect the 
TSL at the root location, as this is the only location for which the lead-time is not a decision variable. 
The selected parts from for the AMEC-Root do not significantly differ in terms of characteristics from 
the parts in the EMEA-Root network.  
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Table 9 Regular airfreight vs optimal mode (Item-approach) 

Table 9 provides an overview of total costs for optimal transportation modes (green columns) and 
the current transportation mode, regular airfreight. By comparing the total costs columns, total 
savings of having two extra transportation modes can be identified. As the BO costs are indirect and 
are only used in this analysis to make sure that the desired service level is reached, they should be 
excluded from the costs. Having two extra transportation modes leads to a cost reduction of 40,8%, 
for the AMEC-network. Similar savings are obtained for the EMEA-Network; 36,2%. 

Although these savings show great potential of extending the current policy with two extra 
transportation modes, the numbers can be different for a system-based optimization as is being 
operated by SPS. For the selected parts, optimal inventories are set to make sure each part satisfies 
the fill rate constraint. As described in section 8.3.1, most parts currently have lower inventories and 
therefore lower individual fill rates, as a result of the system-based optimization in MCA. 

To test whether optimal transportation modes in an item-approach are also optimal in a system-
based optimization, a sensitivity analysis of optimal transportation mode on fill rate is performed. 
Figure 14 shows the relation between total costs and fill rate for different transportation modes.  

AMEC-ROOT
Network Inv. BO. Log. Total Total-BO. Inv. BO. Log. Total Total-BO.

1 10021 210434 673390 17213 222700 913303 896090 270559 3 56150 7664 6269 70083 62419
2 4074 366654 1173292 21115 486257 1680663 1659548 439984 3 49075 7024 13811 69910 62886
3 7509 157691 504612 42066 1894 548572 506506 157691 2 70080 13146 592 83818 70672
4 1500 76519 244862 7178 170732 422772 415594 90023 3 13126 2387 4710 20224 17837
5 2089 108645 347665 6144 26644 380453 374309 137896 3 19392 2630 810 22832 20202
6 13437 497161 1590916 53627 23921 1668463 1614837 456851 1 64259 14106 13325 91690 77584
7 14572 408024 1305677 44431 109281 1459390 1414958 364307 1 73830 9638 22934 106403 96765
8 5667 192675 616561 12913 250388 879862 866949 249344 3 41722 6598 8125 56445 49846
9 3696 73924 236557 9943 3625 250125 240182 73924 2 14218 3107 1133 18458 15350

10 1445 39009 124830 3574 6963 135367 131793 44788 3 7565 1123 259 8947 7824
11 2247 193256 618418 9134 36178 663730 654596 215727 3 22291 3136 1229 26656 23520
12 5491 505157 1616503 26726 320307 1963537 1936810 576538 3 59306 10726 10090 80122 69395
13 13704 137042 438536 11991 2171 452698 440707 123338 1 26445 3974 3088 33507 29533
14 1466 76209 243869 4925 18022 266817 261892 85002 3 11117 1878 659 13654 11776
15 2351 32913 105321 2519 8776 116616 114097 30562 1 7238 502 1002 8742 8240
16 10885 97961 313476 8458 1823 323757 315298 87077 1 21466 2938 1517 25920 22982
17 7186 352135 1126831 22497 467763 1617091 1594594 409626 3 57814 9939 20867 88621 78682
18 1022 13285 42513 1843 3912 48268 46425 17373 3 3920 682 106 4707 4026
19 3612 28898 92472 3625 2202 98299 94674 28898 2 6755 1133 688 8576 7443
20 10334 113676 363765 8479 2161 374404 365925 93008 1 22131 3923 2541 28595 24672

3681271 14264187 13945785 3952517 867910 761654
EMEA-ROOT
Network TSL Inv. Inv. BO. Log. Total Total-BO. Inv. BO. Log. Total Total-BO.

21 11813 602448 83302 14371 7123 104797 90426 543384 1 71584 14173 16019 101776 87603
22 5337 288208 39376 6304 25210 70890 64586 357591 3 50576 7389 2138 60102 52714
23 35414 70828 20544 390 0 20934 20544 70828 2 20544 390 0 20934 20544
24 3809 99022 18768 4109 24048 46925 42816 140915 3 26374 3818 2605 32797 28979
25 34677 1179032 181901 29430 23424 234755 205325 1040323 1 162982 18880 26250 208112 189232
26 19114 324930 72963 11830 10835 95629 83798 305816 1 69485 6099 6160 81744 75645
27 3090 43265 8118 2109 6522 16749 14640 49445 3 9696 1670 586 11952 10282
28 2210 35354 7126 1805 14848 23779 21974 46403 3 9030 1603 2134 12768 11165
29 18950 549550 96122 22778 32646 151546 128768 511650 1 91014 12765 24074 127853 115088
30 5084 269456 35370 4771 59030 99171 94400 325381 3 42125 6195 6662 54982 48787
31 2166 67161 11712 2413 46016 60141 57728 90992 3 15283 2989 5696 23968 20979
32 1908 47692 8720 1171 1590 11482 10310 47692 2 8720 1171 1590 11482 10310
33 2165 38966 7264 675 1050 8989 8314 38966 2 7264 675 1050 8989 8314
34 11759 1140623 109747 19645 153795 283187 263542 1387562 3 138848 26733 13530 179110 152378
35 6343 234708 41056 6080 322944 370080 364000 329860 3 56906 7606 34656 99168 91562
36 3492 101256 18890 2483 6493 27866 25382 101256 2 18890 2483 6493 27866 25382
37 3667 77013 16595 1834 37779 56208 54374 102684 3 21382 3334 4538 29254 25920
38 5327 95888 56557 8426 32474 97456 89030 85234 1 49808 7594 19024 76426 68832
39 4477 80586 14432 3021 16909 34362 31341 98494 3 18234 2506 2275 23014 20509
40 2933 23465 5558 2138 1030 8726 6589 23465 1 5629 867 925 7421 6554

5369451 1823670 1677888 5697942 1199718 1070778

Part Number Unit Cost

Part Number Unit Cost

TSL Inv.
TSL Inv.

Yearly costs

Yearly costsYearly costs regulair airfreight

Yearly costs regulair airfreight TSL Inv.

Opt. Mode

Opt. Mode
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The figure illustrates that although total costs change, and differences between transportation 
modes become smaller, the optimal solution will remain the same for increasing fill rates. This plot 
was made using the average values of input parameters of parts in AMEC-root network. In chapter 
8.3.4 the effect of fill rate on total costs and optimal transportation modes will be dealt with in more 
detail.  

 

 

 

 

 

 

 

 

 

 

 

 

Figure 14 Total costs per transportation mode vs fill rate 

 

8.3.3 Differentiation per location  
 

Input parameters; weight, value, volume obsolescence factor and desired service level do not differ 
for different warehouses. However demand patterns show to vary to a large extent over the 
different locations. Combining this with the fact that warehousing costs differ from one location to 
another, makes it likely to assume that inventory costs will differ over warehouses. Next to that, per 
location, the difference in logistics costs between the three transportation modes, differ per location. 
This has to do with fixed costs per shipment per location. For some locations, there are no import 
duties, which decreases the differences between the logistics costs of different transportation 
modes. When inventory and logistics costs differ among the warehouses in a network, it could mean 
that optimal transportation mode, as discussed in the section above, is not necessarily optimal for all 
locations in the network. For this reason a second analysis is performed, where the decision variable 
of transportation mode is on a location level instead of a network level. Results of this analysis are in 
the tables on the next pages. 
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The column optimal mode (3 options) refers to the optimal situation from table 9. The columns to 
the right indicate optimal transportation mode per location and the corresponding total costs. When 
transportation modes can be set on a location level instead of a network level, this leads to an extra 
average saving of 1% for the selected parts in the AMEC-network, and 1% in for the parts in the 
EMEA-network. 

To get these results, for each individual part 3^4= 81 combinations of replenishment are evaluated in 
terms of logistics and inventory costs. Appendix IV gives an overview of the cost curves for part 5, as 
an illustration. The X-axis shows all possible combinations of lead-times. A value of 1 represents all 
locations set to the lead-time corresponding to transportation mode 1. The maximum value of 81 

AMEC-ROOT
Network Opt. Mode Total Costs AMEC EMEA APAC LDC 1 LDC 2 Opt. Combination Total Costs Savings

1 3 70083 N/A 3 3 3 3 81 70083 0,0%
2 3 69910 N/A 3 3 3 3 81 69910 0,0%
3 2 83818 N/A 2 1 1 1 28 83120 0,8%
4 3 20224 N/A 3 3 3 3 81 20224 0,0%
5 3 22832 N/A 3 1 3 2 62 22224 2,7%
6 1 91690 N/A 2 1 1 1 28 89648 2,2%
7 1 106403 N/A 1 1 1 1 1 106403 0,0%
8 3 56445 N/A 3 3 3 3 81 56445 0,0%
9 2 18458 N/A 2 1 1 1 28 17293 6,3%

10 3 8947 N/A 3 1 2 2 59 8506 4,9%
11 3 26656 N/A 3 1 3 3 63 26064 2,2%
12 3 80122 N/A 3 1 3 3 63 79354 1,0%
13 1 33507 N/A 1 1 1 1 1 33507 0,0%
14 3 13654 N/A 3 1 3 3 63 13274 2,8%
15 1 8742 N/A 1 1 1 1 1 8742 0,0%
16 1 25920 N/A 1 1 1 1 1 25920 0,0%
17 3 88621 N/A 3 1 3 3 63 88262 0,4%
18 3 4707 N/A 3 1 3 1 61 4442 5,6%
19 2 8576 N/A 2 1 1 1 28 8570 0,1%
20 1 28595 N/A 1 1 1 1 1 28595 0,0%

867910 860586 1%
EMEA-ROOT
Network Opt. Mode Total Costs EMEA AMEC APAC LDC 1 LDC 2 Opt. Combination Total Costs Savings

1 1 101776 N/A 2 1 1 2 29 101005 0,8%
2 3 60102 N/A 3 1 3 2 62 58624 2,5%
3 2 20934 N/A 1 1 1 1 1 20934 0,0%
4 3 32797 N/A 3 3 1 3 75 32086 2,2%
5 1 208112 N/A 1 1 1 1 1 208112 0,0%
6 1 81744 N/A 1 1 1 1 1 81744 0,0%
7 3 11952 N/A 3 3 1 1 73 11949 0,0%
8 3 12768 N/A 3 1 1 1 55 12592 1,4%
9 1 127853 N/A 1 1 1 1 1 127853 0,0%

10 3 54982 N/A 3 3 1 1 73 53667 2,4%
11 3 23968 N/A 3 3 1 1 73 23562 1,7%
12 2 11482 N/A 3 2 1 1 65 11267 1,9%
13 2 8989 N/A 3 1 1 1 55 8570 4,7%
14 3 179110 N/A 3 3 3 1 79 175171 2,2%
15 3 99168 N/A 3 3 3 3 81 99168 0,0%
16 2 27866 N/A 3 1 1 2 56 25283 9,3%
17 3 29254 N/A 3 3 1 3 75 29059 0,7%
18 1 76426 N/A 1 1 1 1 1 76426 0,0%
19 3 23014 N/A 3 1 1 1 55 22214 3,5%
20 1 7421 N/A 1 1 1 1 1 7421 0,0%

1199718 1186707 1%

81 options

81 options

Part Number

Part Number

Optimal mode per lane

Optimal mode per lane

3 options

3 options
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Table 12: System approach with 3 transportation modes, AMEC-network 

 
Table 23: System approach with 3 transportation modes, EMEA-network 

8.4 Drivers for total costs 
In this section we describe a results for a sensitivity analysis on the input variables of the model. This 
analysis is performed in an item-approach setting. Main drivers for the decision variables are 
identified which can provide valuable information that can help in deciding on transportation mode 
per SKU. So far no significant differences between the AMEC and EMEA-network have been 
identified. Therefore this analysis is performed for the AMEC-network only. 

8.4.1 Sensitivity analysis 
The Model in Matlab sets optimal values for the decision variables based on the input values. To get 
more insights in the relationship between input variables and output a sensitivity analysis is 
performed. Input variables for the model can be seen as part characteristics, as they can differ for 
each SKU. An overview of the input variables and values per network is in Table 14. 

Input Variable Theorectical 
Range 

Range for selected 
parts AMEC Root 

Average 

Value (EURO) 0-100000 1021-14572 5115 
Demand 
(items/month) 

0-150 0-11 1.58 

Weight (KG) 0-80000 1-150 22 

AMEC-ROOT
Network AMEC EMEA APAC LDC 1 LDC 2 Inv. Log. Total AMEC EMEA APAC LDC 1 LDC 2 Inv. Log. Total

1 11 2 2 1 1 96,0% 32317 69594 101910 11 3 4 3 2 3 98,0% 43955,2 6268,16 50223
2 74 5 4 4 4 100,7% 39414 151955 191370 74 8 11 9 7 3 101,1% 50307,2 13812,48 64120
3 15 2 1 1 0 96,2% 57792 595 58387 16 1 0 0 0 1 93,7% 46627,2 2715,52 49343
4 43 4 3 2 4 101,6% 12794 53354 66147 42 5 6 4 7 3 101,6% 15014,4 4711,36 19726
5 39 6 4 4 2 101,2% 17136 8326 25462 39 9 11 9 3 3 101,5% 22553,6 809,92 23364
6 26 4 1 1 1 97,5% 57043 7478 64522 26 3 1 1 1 1 98,5% 56224 13326,08 69550
7 15 2 2 1 4 96,0% 63014 34150 97165 15 2 1 1 2 1 94,7% 54502,4 22933,12 77436
8 21 5 3 3 1 100,3% 31264 78246 109510 21 7 6 7 2 3 100,4% 40012,8 8125,76 48139
9 15 3 1 2 0 100,4% 14218 1136 15354 15 3 1 2 0 2 100,4% 14217,6 1135,04 15353

10 23 3 1 1 1 100,9% 7037 2179 9216 23 4 2 2 2 3 101,3% 8438,4 259,2 8698
11 78 5 3 3 2 101,3% 21888 11306 33194 78 8 8 5 3 3 101,6% 26384 1231,36 27615
12 79 5 3 3 3 100,4% 50256 100096 150352 79 7 8 7 6 3 100,8% 62668,8 10088,32 72757
13 6 2 0 0 0 97,1% 21587 678 22266 6 2 0 0 0 2 97,1% 21587,2 678,4 22266
14 46 4 2 2 0 101,4% 11242 5632 16874 46 6 4 4 3 3 101,6% 13340,8 661,12 14002
15 8 1 2 0 0 9,0% 5741 2746 8486 8 1 1 0 0 1 97,3% 5094,4 1002,88 6097
16 4 1 1 1 0 93,8% 17872 573 18445 4 1 0 1 0 1 90,3% 14937,6 1519,04 16457
17 35 7 2 2 3 100,1% 48112 146176 194288 35 11 4 3 5 3 100,4% 57814,4 20867,52 78682
18 9 2 2 2 0 101,2% 3645 1222 4867 9 3 3 5 0 3 101,7% 4851,2 106,56 4958
19 5 2 0 0 0 99,3% 5667 688 6355 5 2 0 0 0 2 99,3% 5667,2 688,32 6356
20 5 1 0 2 0 96,8% 18384 678 19062 5 1 0 1 0 1 91,7% 15910,4 2543,36 18454

100% 1213232 100% 693592

Part Number
TSL (Regular Airfreight)

Fill Rate
Yearly costs (Euro)TSL (3 replenishment options)

Fill RateYearly costs (Euro) Opt. Mode

EMEA-ROOT
Network EMEA AMEC APAC LDC 1 LDC 2 Inv. Log. Total EMEA AMEC APAC LDC 1 LDC 2 Inv. Log. Total

21 37 5 3 2 3 99,5% 79744 7136 86880 37 3 2 2 2 1 99,3% 71584 16022 87606
22 42 4 4 4 3 101,4% 44246 25216 69462 42 2 3 3 2 1 100,8% 38454 20477 58931
23 1 0 0 0 0 92,8% 9808 0 9808 1 0 0 0 0 1 92,8% 9808 0 9808
24 17 4 4 2 3 101,3% 23427 24064 47491 17 6 8 3 6 3 101,3% 29840 2608 32448
25 20 7 2 0 0 97,0% 129997 23424 153421 20 4 1 0 0 1 96,4% 111078 26250 137328
26 8 1 2 2 1 97,2% 55686 10848 66534 9 1 1 1 1 1 92,1% 52179 6163 58342
27 13 2 2 0 0 101,7% 10957 6528 17485 13 2 3 0 0 3 101,6% 11590 589 12179
28 11 6 2 0 0 101,7% 9146 14848 23994 11 10 3 0 0 3 101,7% 11053 2134 13187
29 18 4 2 1 2 98,3% 84730 32640 117370 18 2 2 0 1 1 96,0% 68166 24074 92240
30 40 10 2 1 2 101,1% 38483 59040 97523 40 19 3 1 4 3 101,3% 46781 6662 53443
31 20 10 3 2 1 101,7% 15021 46016 61037 20 17 5 2 3 3 101,6% 18618 5696 24314
32 19 3 1 2 2 101,3% 9878 1600 11478 19 3 1 2 2 2 101,3% 9878 1590 11469
33 15 3 2 0 0 101,0% 8576 1056 9632 15 3 2 0 0 2 101,0% 8576 1050 9626
34 79 8 5 5 2 100,5% 116829 153792 270621 79 14 10 13 5 3 100,7% 149469 13530 162998
35 24 5 3 3 3 100,6% 42998 322944 365942 24 8 6 6 9 3 101,0% 58845 34656 93501
36 20 4 2 2 3 101,4% 21008 6496 27504 20 4 2 2 3 2 101,4% 21008 6496 27504
37 13 3 2 1 3 101,1% 17715 37792 55507 13 5 4 2 7 3 101,5% 24746 4538 29283
38 9 2 2 1 1 97,3% 43805 32480 76285 9 1 1 1 1 1 95,1% 37152 19024 56176
39 15 4 0 0 1 101,4% 17152 16896 34048 15 6 0 0 2 3 101,3% 19594 2275 21869
40 6 2 0 1 0 100,5% 6451 1024 7475 6 1 0 1 0 1 100,7% 5632 928 6560

100% 1609498 100% 998813

Part Number
TSL (Regular Airfreight)

Fill Rate
Yearly costs (Euro) Opt. Mode Yearly costs (Euro)TSL (3 replenishment options)

Fill Rate
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Figure 15 Total costs vs part value 

Part value has very high impact on costs for all transportation modes. For this specific settings, 
container shipments, option 3, are optimal for parts with a value lower than 7500 Euro. For all parts 
with a higher value, Express parcel (1) is optimal. As mentioned before, the lines in the figure above 
only hold for average values of all other parts. For these combinations, Regular air (2) is never 
optimal.  
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Figure 16 Total costs vs part demand 

The X-axis in figure 16 above represents tenths of the average demand. A value of 10 corresponds to 
the average demand. For cases until roughly 1 times the average demand, express air shows to be 
optimal. For parts with a higher demand, container shipments become favorable in terms of total 
costs. This analysis shows again that regular air is never optimal for this specific set of values for the 
input variables. The effect of demand can be explained as follows: high demand increases the 
logistics/inventory costs balance. For parts where inventory costs are dominant, the inventory 
savings that can be achieved by the express replenishment outweigh the extra logistics costs.  
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1. Demand = Average/3, 
V=1000 

2. Demand = Average/3, 
V=200000 

3. Demand = Average/3, 
V=10000000 

4. Demand = Average,     
V=1000 

5. Demand = Average,     
V=200000 

6. Demand = Average,     
V=10000000 

7. Demand = Average*3, 
V=1000  

8. Demand = Average*3, 
V=200000 

9. Demand = Average*3, 
V=10000000 

Table 15 Input parameters scenarios 

For each of the scenarios a sensitivity analysis on value is performed. Results can be found in the 
figure 18 below. Each of the nine smaller figures can be found in appendix VI in full size.  

 

   

   

   

Figure 18 Total costs vs value for different combinations of demand and volume 

The first row shows the effect of part value for different volumes. The 3rd transportation mode shows 
low sensitivity to volume. Regular airfreight shows very high sensitivity to volume. As a result of this 
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Appendix II: Chi-squared tests for Poisson demand 
 

Part 5-AMEC 

 

 

Part 5-EMEA 

 

Arrivals frequency Observed (fo) PDF OBSERVED Product PDF EXPECTED Frequency Expected (fe) fo-fe (fo-fe)^2 ((fo-fe)^2)/fe
2 2 0,055555556 0,111111111 0,039895292 1,436230507 0,563769493 0,317836041 0,221298767
3 4 0,111111111 0,333333333 0,082006989 2,952251598 1,047748402 1,097776714 0,371843888
4 5 0,138888889 0,555555556 0,126427441 4,55138788 0,44861212 0,201252834 0,044217904
5 8 0,222222222 1,111111111 0,155927177 5,613378386 2,386621614 5,695962729 1,014712057
6 2 0,055555556 0,333333333 0,160258488 5,769305563 -3,769305563 14,20766443 2,462629908
7 4 0,111111111 0,777777778 0,141180096 5,082483472 -1,082483472 1,171770468 0,230550768
8 3 0,083333333 0,666666667 0,108826324 3,917747677 -0,917747677 0,842260798 0,214985973
9 2 0,055555556 0,5 0,074566185 2,684382667 -0,684382667 0,468379635 0,174483184

10 3 0,083333333 0,833333333 0,045982481 1,655369311 1,344630689 1,808031688 1,092222549
11 2 0,055555556 0,611111111 0,025778057 0,928010069 1,071989931 1,149162413 1,238308131

12+ 1 0,027777778 0,333333333 0,013247057 0,476894063 0,523105937 0,273639821 0,573795823
Lambda: 6,166666667 Chi Squared value 7,639048953

Chi Squared Test-Statistic 15,50731306

0

0,05

0,1

0,15

0,2

0,25

1 2 3 4 5 6 7 8 9 10 11

Series1 Series2

Arrivals (min:max) Frequency (f0) PDF OBSERVED Product PDF EXPECTED Frequency Expected (fe) fo-fe (fo-fe)^2 ((fo-fe)^2)/fe
1 1 0,027777778 0,027777778 0,026336458 0,948112486 0,051888 0,002692314 0,002839657
2 1 0,027777778 0,055555556 0,06986477 2,515131734 -1,51513 2,295624172 0,912725222
3 6 0,166666667 0,5 0,12355714 4,448057048 1,551943 2,408526926 0,541478425
4 8 0,222222222 0,888888889 0,163884818 5,899853446 2,100147 4,410615549 0,747580527
5 2 0,055555556 0,277777778 0,173900001 6,260400045 -4,2604 18,15100855 2,89933685
6 9 0,25 1,5 0,153772686 5,535816707 3,464183 12,00056589 2,167804052
7 4 0,111111111 0,777777778 0,116549933 4,195797583 -0,1958 0,038336694 0,009136926
8 1 0,027777778 0,222222222 0,077295268 2,782629647 -1,78263 3,177768459 1,142001941
9 2 0,055555556 0,5 0,045566038 1,640377354 0,359623 0,129328448 0,078840669

10 2 0,055555556 0,555555556 0,024175314 0,870311318 1,129689 1,276196518 1,466367828
36 Lambda: 5,305555556 Chi Squared Value 9,968112099

Chi Squared Test Statistic 15,50731306
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Part 5-APAC 

 

 

Part 5-LDC 2 

0

0,05

0,1

0,15

0,2

0,25

0,3

1 2 3 4 5 6 7 8 9 10

Demand Distribution

PDF OBSERVED PDF EXPECTED

Arrivals (min:max) Frequency (f0) PDF OBSERVED Product PDF EXPECTED Frequency Expected (fe) fo-fe (fo-fe)^2 ((fo-fe)^2)/fe
0 7 0,368421053 0 0,478622973 9,093836478 -2,09384 4,384151195 0,482101389
1 10 0,526315789 0,526315789 0,352669559 6,700721615 3,299278 10,88523786 1,624487404

2+ 2 0,105263158 0,210526316 0,12993089 2,468686911 -0,46869 0,21966742 0,088981482
0 0 0
0 0 0
0 0 0
0 0 0
0 0 0
0 0 0
0 0 0

19 Lambda: 0,736842105 Chi Squared value 2,195570275
Chi Squared Test Statistic 3,841458821

0

0,1

0,2

0,3

0,4

0,5

0,6

Demand Distribution

PDF OBSERVED PDF EXPECTED
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Part 5-LDC 1 

 

 

 

Arrivals (min:max) Frequency (f0) PDF OBSERVED Product PDF EXPECTED Frequency Expected (fe) fo-fe (fo-fe)^2 ((fo-fe)^2)/fe
0 4 0,266666667 0 0,393240721 5,898610813 -1,89861 3,604723019 0,611113893
1 9 0,6 0,6 0,367024673 5,505370092 3,49463 12,21243819 2,218277425
2 1 0,066666667 0,133333333 0,171278181 2,56917271 -1,56917 2,462302993 0,958403062
3 1 0,066666667 0,2 0,053286545 0,799298176 0,200702 0,040281222 0,050395739

15 Lambda: 0,933333333 Chi Squared Value 3,83819012
Chi Squared Test Statistic 5,991464547

0

0,1

0,2

0,3

0,4

0,5

0,6

0,7

Demand Distribution

PDF OBSERVED PDF EXPECTED

Arrivals Frequency (f0) PDF OBSERVEDProduct PDF EXPECTED Frequency Expected (fe) fo-fe (fo-fe)^2 ((fo-fe)^2)/fe
0 1 0,027778 0 0,073452884 2,644303827 -1,6443 2,703735076 1,022475197
1 8 0,222222 0,222222 0,191793642 6,904571104 1,095429 1,199964465 0,173792759
2 9 0,25 0,5 0,250397255 9,014301164 -0,0143 0,000204523 2,26888E-05
3 9 0,25 0,75 0,217938351 7,845780643 1,154219 1,332222325 0,169801118
4 6 0,166667 0,666667 0,142265313 5,121551253 0,878449 0,771672201 0,150671576
5 1 0,027778 0,138889 0,074294108 2,674587877 -1,67459 2,804244556 1,048477255
6 2 0,055556 0,333333 0,032331695 1,16394102 0,836059 0,698994617 0,600541269

0 0
0 0
0 0

36 Lambda: 2,611111 Chi Sqaured Value 3,165781864
Chi Squared Test Statistic 11,07049769

0

0,1

0,2

0,3

Demand Distribution

PDF OBSERVED PDF EXPECTED
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Appendix III:  TSL current situation and TSL Model (Item approach) 
 

  

AMEC-ROOT
Network AMEC EMEA APAC LDC1 LDC2 AMEC EMEA APAC LDC1 LDC2

1 10021 10 3 2 1 0 160331 0,90 12 3 2 2 2 210434 0,96
2 4074 78 6 3 3 1 370728 0,96 74 5 4 4 3 366654 1,01
3 7509 16 2 2 0 0 150182 0,95 17 2 1 1 0 157691 0,96
4 1500 46 3 3 2 3 85522 1,00 41 3 2 2 3 76519 1,02
5 2089 34 7 3 3 1 100288 0,97 37 6 4 3 2 108645 1,01
6 13437 26 6 3 2 3 537472 0,98 28 4 1 2 2 497161 0,97
7 14572 15 3 2 1 4 364307 0,98 17 3 2 1 5 408024 0,96
8 5667 21 4 2 3 0 170008 0,96 21 5 3 3 1 187008 1,00
9 3696 13 3 2 0 0 66532 0,91 15 3 1 2 0 77620 1,00

10 1445 24 3 2 0 0 41899 0,93 23 3 1 1 1 41899 1,01
11 2247 69 5 3 2 0 177526 0,93 75 5 3 2 1 193256 1,01
12 5491 74 4 2 2 1 455740 0,92 78 5 3 3 3 505157 1,00
13 13704 7 3 1 0 0 150747 1,01 7 3 0 0 0 137042 0,97
14 1466 42 4 2 1 5 79140 0,96 43 4 2 2 1 76209 1,01
15 2351 7 1 2 0 0 23509 1,00 10 1 3 0 0 32913 0,09
16 10885 5 2 1 0 0 87077 0,86 5 2 1 1 0 97961 0,94
17 7186 40 14 3 1 2 431185 1,00 35 7 2 2 3 352135 1,00
18 1022 7 2 2 4 0 15329 1,00 8 2 1 2 0 13285 1,01
19 3612 5 2 1 0 0 28898 0,99 6 2 0 0 0 28898 0,99
20 10334 1 2 1 2 0 62005 0,69 6 2 0 3 0 113676 0,97

3558423 0,96 3682189 1,00
EMEA-ROOT
Network EMEA AMEC APAC LDC1 LDC2 EMEA AMEC APAC LDC1 LDC2

21 11813 35 5 3 2 1 543384 0,94 37 5 4 2 3 602448 1,00
22 5337 35 4 2 3 1 240173 0,92 41 4 3 4 2 288208 1,01
23 35414 2 1 1 0 0 141656 1,02 2 0 0 0 0 70828 0,93
24 3809 14 6 2 1 1 91404 0,88 15 4 4 1 2 99022 1,01
25 34677 19 8 2 0 0 1005645 0,97 23 8 2 0 0 1144355 0,97
26 19114 7 1 1 1 0 191135 0,74 10 1 2 3 1 324930 0,97
27 3090 8 1 1 0 0 30903 0,84 12 1 1 0 0 43265 1,02
28 2210 7 5 1 0 0 28725 0,97 10 5 1 0 0 35354 1,02
29 18950 15 4 2 0 2 435850 0,92 19 4 3 1 2 549550 0,98
30 5084 32 9 1 0 0 213531 0,91 38 10 2 1 1 264372 1,01
31 2166 14 9 2 1 0 56328 0,94 18 9 2 1 1 67161 1,02
32 1908 15 2 1 1 1 38154 0,94 18 3 1 1 2 47692 1,01
33 2165 9 2 1 0 0 25978 0,86 13 3 2 0 0 38966 1,01
34 11759 82 7 6 5 2 1199418 0,98 78 7 5 5 2 1140623 1,00
35 6343 22 4 4 2 3 222021 0,98 23 5 3 3 3 234708 1,01
36 3492 22 4 3 3 4 125697 1,02 19 4 2 1 3 101256 1,01
37 3667 15 2 3 1 2 84348 0,99 12 3 2 1 3 77013 1,01
38 5327 8 2 1 1 1 69252 0,92 10 3 2 1 2 95888 0,97
39 4477 9 3 1 1 1 67155 0,84 14 3 0 0 1 80586 1,01
40 2933 2 1 1 1 1 17599 0,64 6 2 0 1 0 26398 1,01

4828358 0,94 5332622 1,00

TSL Inv. Fill Rate

Part Number Unit Cost
Current Planning TSL

TSL Inv. Fill Rate
MODEL TSL

TSL Inv. Fill Rate

Part Number Unit Cost
Current Planning TSL

TSL Inv. Fill Rate
Model TSL
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Appendix IV: Overview of cost curves for mode selection per location 

 

Red = total cost, Blue = inventory costs, Yellow = logistics cost 
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Appendix V: TSL current situation and TSL model (system-approach) 
AMEC-ROOT Part 

Number 
Unit  
Cost 

Current Planning TSL TSL 
Inv. 

Model TSL TSL 
Inv. 

Network AMEC EMEA APAC LDC 
1 

LDC 
2 

AMEC EMEA APAC LDC 
1 

LDC 
2 

 

CT_CCP_AMEC 1 10021 10 3 2 1 0 160331 11 2 2 1 1 170352 
CT_CCP_AMEC 2 4074 78 6 3 3 1 370728 74 5 4 4 4 370728 
AMI_CCP_AMEC 3 7509 16 2 2 0 0 150182 15 2 1 1 0 142673 
MRI_CCP_AMEC 4 1500 46 3 3 2 3 85522 43 4 3 2 4 84021 
CT_CCP_AMEC 5 2089 34 7 3 3 1 100288 39 6 4 4 2 114913 
MRI_CCP_AMEC 6 13437 26 6 3 2 3 537472 26 4 1 1 1 443414 
MRI_CCP_AMEC 7 14572 15 3 2 1 4 364307 15 2 2 1 4 349735 
CT_CCP_AMEC 8 5667 21 4 2 3 0 170008 21 5 3 3 1 187008 
AMI_CCP_AMEC 9 3696 13 3 2 0 0 66532 15 3 1 2 0 77620 
AMI_CCP_AMEC 10 1445 24 3 2 0 0 41899 23 3 1 1 1 41899 
CT_CCP_AMEC 11 2247 69 5 3 2 0 177526 78 5 3 3 2 204492 
CT_CCP_AMEC 12 5491 74 4 2 2 1 455740 79 5 3 3 3 510648 
AMI_CCP_AMEC 13 13704 7 3 1 0 0 150747 6 2 0 0 0 109634 
AMI_CCP_AMEC 14 1466 42 4 2 1 5 79140 46 4 2 2 0 79140 
AMI_CCP_AMEC 15 2351 7 1 2 0 0 23509 8 1 2 0 0 25860 
AMI_CCP_AMEC 16 10885 5 2 1 0 0 87077 4 1 1 1 0 76192 
MRI_CCP_AMEC 17 7186 40 14 3 1 2 431185 35 7 2 2 3 352135 
AMI_CCP_AMEC 18 1022 7 2 2 4 0 15329 9 2 2 2 0 15329 
AMI_CCP_AMEC 19 3612 5 2 1 0 0 28898 5 2 0 0 0 25285 
CT_CCP_AMEC 20 10334 1 2 1 2 0 62005 5 1 0 2 0 82674 

        3558423      3463752 
EMEA-ROOT Part 

Number 
Unit  
Cost 

Current Planning TSL TSL 
Inv. 

MODEL TSL TSL 
Inv. 

Network EMEA AMEC APAC LDC 
1 

LDC 
2 

EMEA AMEC APAC LDC 
1 

LDC 
2 

 

CT_CCP_EMEA 21 11813 35 5 3 2 1 543384 37 5 3 2 3 590635 
CT_CCP_EMEA 22 5337 35 4 2 3 1 240173 42 4 4 4 3 304219 
CT_CCP_EMEA 23 35414 2 1 1 0 0 141656 1 0 0 0 0 35414 
CT_CCP_EMEA 24 3809 14 6 2 1 1 91404 17 4 4 2 3 114256 
DXR_CCP_EMEA 

25 
34677 19 8 2 0 0 1005645 

 
20 7 2 0 0 1005645 

DXR_CCP_EMEA 26 19114 7 1 1 1 0 191135 8 1 2 2 1 267589 
DXR_CCP_EMEA 27 3090 8 1 1 0 0 30903 13 2 2 0 0 52536 
DXR_CCP_EMEA 28 2210 7 5 1 0 0 28725 11 6 2 0 0 41983 
IXR_CCP_EMEA 29 18950 15 4 2 0 2 435850 18 4 2 1 2 511650 
IXR_CCP_EMEA 30 5084 32 9 1 0 0 213531 40 10 2 1 2 279624 
IXR_CCP_EMEA 31 2166 14 9 2 1 0 56328 20 10 3 2 1 77993 
IXR_CCP_EMEA 32 1908 15 2 1 1 1 38154 19 3 1 2 2 51508 
IXR_CCP_EMEA 33 2165 9 2 1 0 0 25978 15 3 2 0 0 43296 
MRI_CCP_EMEA 34 11759 82 7 6 5 2 1199418 79 8 5 5 2 1164141 
MRI_CCP_EMEA 35 6343 22 4 4 2 3 222021 24 5 3 3 3 241051 
MRI_CCP_EMEA 36 3492 22 4 3 3 4 125697 20 4 2 2 3 108239 
MRI_CCP_EMEA 37 3667 15 2 3 1 2 84348 13 3 2 1 3 80680 
MRI_CCP_EMEA 38 5327 8 2 1 1 1 69252 9 2 2 1 1 79907 
MRI_CCP_EMEA 39 4477 9 3 1 1 1 67155 15 4 0 0 1 89540 
MRI_CCP_EMEA 40 2933 2 1 1 1 1 17599 6 2 0 1 0 26398 

        4828358      590635 
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Appendix VI: Full size figures for sensitivity analysis  
1. 

 

2. 
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3. 

 

4. 
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5. 

 

6. 








