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Abstract

Advances in technology have led consumers to increasingly demand quick access to information, products
and services, which forces companies to constantly adapt and optimise their operations in order to meet growing
demand. This growing demand for speed and accessibility pushes companies toward internationalisation, allowing
them to expand their reach and meet consumer expectations globally, while maintain a competitive edge. In
this context, Worten, a Portuguese retailer of consumer electronics, household appliances, and entertainment, is
seeking to expand its presence in international markets, particularly in Germany and France, through e-commerce
platforms. This thesis explores a logistics distribution model for a company aiming to internationalise via European
marketplaces, with a focus on the Amazon platform. Given the steady growth of e-commerce and the pivotal role
of marketplace platforms, this research analyzes different internationalisation strategies. Two different scenarios
are studied: using the fulfilment services offered by the Marketplace, and subcontracting their own Distribution
Centres. The methodology adopted includes mathematical modelling to optimise the location of Distribution
Centres, which minimises total costs. The results offer valuable insights for companies looking to expand their
operations into new markets via e-commerce platforms, contributing to more informed strategic decisions.
Keywords: Distribution Model; Facility Location Problem; Internationalisation; Marketplace

1. Introduction
The continuous evolution of the world’s population and the in-
creased connectivity that comes from it, have made global ac-
cess to products easier for consumers, allowing companies to
explore international markets with fewer barriers. Globalisa-
tion has facilitated market expansion beyond national borders,
driving the internationalisation of companies as a key strat-
egy for growth [1]. The rise of e-commerce and digital plat-
forms has further encouraged internationalisation, with com-
panies relying on these channels to reach a larger network of
customers and offer consumers a seamless shopping experi-
ence [2]. The pandemic only accelerated the growing need for
the efficient distribution of goods around the world, especially
through e-commerce [3]. This increase in online demand has
led companies to adapt their strategies, integrating physical
and digital channels to create a seamless omnichannel experi-
ence, where customers can interact with brands through mul-
tiple touchpoints [4].

Marketplaces, such as Amazon, have emerged as a pivotal
tool for companies seeking rapid international growth, by pro-
viding businesses with guaranteed visibility and global reach,
transforming not only how consumers shop but also how com-
panies manage their supply chains, from the order fulfillment
to stock management [5]. The efficient management of Ama-
zon’s distribution and logistics is critical to maintain a high
level of service and customer satisfaction.

In this context, Worten, a Portuguese retailer, is looking to

expand beyond its mature Iberian market into key European
marketplaces, such as Germany and France. As such, this
study aims to develop a methodology that helps Worten strate-
gically enter these markets through Amazon, analysing differ-
ent fulfilment options to meet customer demand and minimise
delivery costs.

The main challenge addressed is to design a logistics dis-
tribution model that minimises costs while maintaining high
levels of service in Worten’s expansion. This includes deci-
sions on the location of Distribution Centres (DCs), the allo-
cation of demand between them, and the choice of fulfilment
model, with the aim of maximising operational efficiency and
customer satisfaction.

2. Literature Review
A. Facility Location Design Problems

The strategic location of Distribution Centres (DCs) is a
critical decision for supply chain efficiency [6]. The Facility
Location Problem (FLP) is a widely studied area of literature
that addresses the best placement of facilities to minimise to-
tal costs, which include transport and operating costs, while
meeting customer demand efficiently [7].

The classic facility location problem was first proposed by
Alfred Weber in 1909, with the aim of minimising the dis-
tance between facilities and demand points [8]. Over time,
the problem has evolved, but its core objective remains the
same: determining the ideal location of facilities, such as DCs
or warehouses, in order to optimise the flow of products from
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the points of origin to the end customers, meeting demand ef-
fectively and at reduced costs [9]. The strategic importance
of FLP lies in its ability to affect various dimensions of busi-
ness logistics, where a strategically inappropriate location can
result in high transport costs, prolonged delivery times and,
consequently, loss of competitiveness and customer dissatis-
faction [10]. This trade-off is expressed by the number of fa-
cilities to open, which can reduce transport costs and improve
delivery times, but also raises the operating costs of maintain-
ing more units. The challenge is therefore, to identify the opti-
mum number of facilities and their locations in order to max-
imise the efficiency of the logistics network [11].

However, with the growth of supply chains, FLP has gained
even greater importance in strategic distribution decisions, be-
coming more complex and evolving to include several addi-
tional parameters, such as facility capacity, inventory policies
and transport restrictions [12][11]. Various sub-problems have
emerged from the traditional FLP, such as the Location Inven-
tory Problem (LIP), the Location Routing Problem (LRP) and
the Location Inventory Routing Problem (LIRP) [13].

• LIP (Location Inventory Problem): Combines facility
location decisions with inventory management, focus-
ing essentially on optimising inventory levels at differ-
ent facilities, seeking to minimise inventory and trans-
port costs while ensuring that demand is met [14] [15].

• LRP (Location Routing Problem): Integrates vehicle
routing and facility location decisions, considering fac-
tors such as vehicle capacity and delivery time windows,
optimising transport routes with the aim of reducing to-
tal costs, while ensuring an efficient service to customers
[16].

• LIRP (Location Inventory Routing Problem): Combines
location, inventory and routing decisions in a single
model. In this way, it seeks to optimise the location of
facilities, inventory levels and transport logistics simul-
taneously, in a more comprehensive approach, offering
an integrated view of the entire supply chain, ensuring
that decisions on the location of DCs, inventory manage-
ment and route planning are taken together to minimise
total costs and improve operational efficiency [17].

These problems are interdependent, and their effective so-
lution can significantly reduce operating costs, improve cus-
tomer service levels and optimise a company’s logistics net-
work [13].

B. Order Fulfillment
Order fulfilment is one of the pillars of success in e-

commerce and refers to all the steps involved from the mo-
ment the customer places an order, until the product is de-
livered. With the growing popularity of e-commerce plat-
forms and marketplaces, customer expectations regarding the
speed and reliability of deliveries have increased significantly.
Therefore, optimising the order fulfilment process has become
essential in order to remain competitive and guarantee cus-
tomer satisfaction [18]. In highly competitive markets such as
e-commerce, the ability to reduce delivery times can be a de-
cisive factor in customer satisfaction and loyalty. As such, the
design of the distribution network significantly impacts order
fulfilment performance and plays a crucial role in controlling
business costs [19].

By using FLP in fulfillment network models, companies
can optimise order allocation, reduce transport costs and deliv-

ery times, improve facility locations, and enhance their ability
to respond to market fluctuations.

By studying the existing literature on these problems, this
study fills a gap by exploring how these theoretical frame-
works can be applied to a real-world scenario involving mar-
ketplaces like Amazon, particularly in the context of interna-
tional expansion.

3. Methodology
The developed model considers a multi-tier logistics network
for distributing products from a warehouse to final clients, via
an online marketplace, indicating the different routes products
can take through the network. The logistics network starts
with a warehouse, from where the products can:

1. be sent directly to a FC operated by the marketplace,
which then handles distribution to end customers. This
scenario takes advantage of the marketplace’s logistics
network and its capabilities for efficient order fulfilment.

2. be sent to an intermediate DC, which acts as a temporary
storage point, before being dispatched to the end cus-
tomers. This scenario requires the company to manage
its own logistics operations, and sales are made through
the marketplace, but not by the marketplace.

In both scenarios, the aim is to optimise the flow of prod-
ucts, minimising total costs and meeting demand efficiently.

The notation used in the model, as well as it description, are
presented in the following tables 1, 2, 3 and 4.

Given the different scenarios, an objective function is
needed to define each of the scenarios. Considering the no-
tation above, the objective function model of scenario 1 is
formulated as follows, on equation 1. The objective function
corresponds to minimise the transport costs associated with
shipping from Warehouse i to the Marketplace’s FCs, m, and
the fee associated with using the Marketplace’s fulfilment ser-
vices. The transportation cost from the Warehouse i to the
Marketplace’s FC m, is presented in equation 2, and the cost
of the Marketplace’s fee for using the Fulfillment Service for
Product p, is given by equation 3.

Min (ship1im + feecimp) (1)

The transportation cost is presented in equation 2, and
refers to the costs between the Warehouse i and the Market-
place’s FCs m.

ship1im =
∑
i∈W

∑
m∈M

(FTLcim +LTLcim + ins1im) (2)

feecimp =
∑
i∈W

∑
m∈M

∑
p∈P

(feep × aimp) (3)

For scenario 2, the objective function is described by equa-
tion 4, which corresponds to minimise total costs, which in-
clude transport costs, and all the variable costs of operating
the distribution centres, including storage, expedition and re-
ception costs, and the commission fee associated with using
the Marketplace.

Min (ship1ij+ship2jk+stcjp+opcijkp+commcjkp) (4)
The transportation cost from the Warehouse i and DC j is

presented in equation 5, while the Transportation Cost be-
tween the DC j and the Client k is given by equation 6.
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ship1ij =
∑
i∈W

∑
j∈DC

(FTLcij + LTLcij + ins1ij) (5)

ship2jk =
∑

j∈DC

∑
k∈C

((adjdjk × ckm×ntripjk) + ins2jk)

(6)
The Storage cost of the Product p at the DC j is given by

equation 7, and the operating costs can be seen in equation 8.

stcjp =
∑

j∈DC

∑
p∈P

(storjp × Ijp) (7)

opcijkp =
∑

j∈DC

∑
p∈P

(
∑
i∈W

(receptjp×xijp)+
∑
k∈C

(expjp×ujkp))

(8)
The cost of using the Marketplace’s customers is repre-

sented through a commision by product, and can be repre-
sented by equation 9.

commcjkp =
∑

j∈DC

∑
k∈C

∑
p∈P

commp × ujkp (9)

To obtain the main equations, it was necessary to do some
intermediate calculations, described from equation 10 to 16.

Since transport data from Warehouse i to Destination D de-
pends on the number of pallets and the destination’s zip code,
the model converts product units into pallets. This conversion
considers the products’ average volume, volp, and the fixed
pallet capacity, pv.

Equation 10 calculates the total number of pallets to
be transported from Warehouse, i, to Destination, d ∈
{DC, M}, which can be the DC, DC, or the FC of the Mar-
ketplace, M. Once the number of pallets is known, it is neces-
sary to determine how many complete journeys are needed to
transport these pallets, since the maximum capacity of a truck
for a Full Truck Load (FTL) is 33 pallets.

Equation 11 divides the total number of pallets, Nid, by the
maximum pallet capacity per trip, pc (in this case, 33 pallets).
Equation 12 calculates the cost of the FTLs needed to ship the
demand, from Warehouse i, to Destination d ∈ {DC, M},
whether this is the DC or the FC of the Marketplace, when the
number of pallets being transported is 33 (N = pc).

Nid =

∑
p inP (xidp × volp)

pv
∀i ∈ W, ∀d ∈ {DC, M}

(10)

ctripid =
Nid

pc
∀i ∈ W, ∀d ∈ {DC, M} (11)

FTLcid = ctripid×tcidN with N = pc, ∀i ∈ W, ∀d ∈ {DC, M}
(12)

However, there are still some pallets that are not enough to
completely fill a truck (33 pallets), known as Less than Truck
Load (LTL).

Equation 13 calculates the number of remaining pallets,
which are not being accounted for in the complete journeys.
And then, the cost of the LTL is calculated, in equation 14.

addpid = Nid − (ctripid × pc) ∀i ∈ W, ∀d ∈ {DC, M}
(13)

LTLcid = tcidN with N = addpid, ∀i ∈ W, ∀d ∈ {DC, M}
(14)

The transport insurance cost from the Warehouse i, to any
Destination d ∈ {DC, M}, is given by the value of the total
goods to be transported. In this way, it is necessary to first
calculate the value of the commodities (15) in order to then,
calculate the value of the insurance (16):

vogid =
∑
p∈P

(xidp × ppp) ∀i ∈ W, ∀d ∈ {DC, M} (15)

ins1id = vogid × irate ∀i ∈ W, ∀d ∈ {DC, M} (16)
In order to obtain the total cost of transport from Warehouse

i, to Destination d ∈ {DC, M}, all these costs are added,
represented by equation 17.

ship1id =
∑
i∈W

∑
d∈{DC,M}

(FTLcid + LTLcid + ins1id)

(17)
This is a generic formula, which covers the various des-

tinations to which goods can leave from the Warehouse i,
depending on the scenario being used (the Destination d ∈
{DC, M} can be the DC j or the Marketplace’s FC m).

Given that the value of the transport costs between the DCs
and the end customers is given by km, the Haversine formula
is used, to determine this distance, accounting for the Earth’s
curvature, to which is added a Distance Conversion Factor,
dcf , in order to adjust the calculated distances between the
two geographical points, so as to reflect actual traveling con-
ditions. Haversine uses the latitude and longitude of the two
points.

As the demand is being analysed over a relatively long pe-
riod of time, the reality of the logistics process requires that
products be delivered in several orders rather than a single
journey. To reflect this reality, it was necessary to limit the
quantity of products that can be sent on each journey, using
max, which represents the maximum capacity of units per
journey from the DC j to the end client k, in order to space
demand deliveries over this period of time. Equation 18 cal-
culates the number of journeys required to transport all the
products. For each journey, a fee is charged, and equation 19
calculates the total cost of insurance, associated with the num-
ber of journeys.

ntripjk =

∑
p∈P ujkp

max
∀j ∈ DC, ∀k ∈ C (18)

ins2jk = ntripjk × ifee ∀j ∈ DC, ∀k ∈ C (19)
Equation 20 calculates the total transport cost between DC

j and the end customer k, including both the transport cost and
the insurance cost.

ship2jk =
∑

j∈DC

∑
k∈C

((adjdjk × ckm×ntripjk) + ins2jk)

(20)
Constraints for the model
Scenario 1 only needs a restriction to ensure that the total

demand is met, and sent to the Marketplace’s FCs, and is given
by constraints 21.
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∑
i∈W

ximp ≥ demkp ∀m ∈ M, ∀k ∈ C, ∀p ∈ P (21)

Scenario 2 constraints are defined from equation 22 to 31.∑
i∈W

xijp =
∑
k∈C

ujkp + Ijp, ∀j ∈ DC, ∀p ∈ P (22)

∑
j∈DC

ujkp ≥ demkp, ∀k ∈ C, ∀p ∈ P (23)

Constraint 24 ensures that at least one DC is open.∑
j∈DC

zj ≥ 1 (24)

xijp ≤ bigM × zj , ∀i ∈ W, ∀j ∈ DC, ∀p ∈ P (25)

ujkp ≤ bigM × zj , ∀j ∈ DC, ∀k ∈ C, ∀p ∈ P (26)

wjkp ≤ zj ∀j ∈ DC, ∀k ∈ C, ∀p ∈ P (27)∑
j∈DC

wjkp = 1 ∀k ∈ C, ∀p ∈ P (28)

ujkp ≤ bigM ×wjkp, ∀j ∈ DC, ∀k ∈ C, ∀p ∈ P (29)

adjdjk
vel

× wjkp ≤ tw, ∀j ∈ DC, ∀k ∈ C, ∀p ∈ P (30)

demkp × sl ≤
∑
i∈W

∑
j∈DC

xijp, ∀k ∈ C, ∀p ∈ P (31)

wjkp, zj ∈ {0, 1} ∀j ∈ DC, ∀k ∈ C, ∀p ∈ P (32)

aimp, Ijp, xijp, ujkp ≥ 0 (33)

Constraints 22 are the conservation of flow, and ensure that
the quantity of products entering a DC must be equal to the
sum of the quantity sent to customers and the stock remaining
in the DC. Constraints 23 ensure that each customer’s demand
for each product is satisfied by the quantity dispatched from
the DC. Constraints 25 and 26 ensure that DCs can only be

used to ship products if they are open. Constraints 27 en-
sure that the respective DC can only serve a customer if it is
in operation. Constraints 28 ensures that each customer is al-
located to only one DC, avoiding multiple allocations.

Constraints 29 ensure that the flow of products from the DC
j to Customer k only occurs if the customer is allocated to the
DC. The delivery time constraints (30) guarantee that the time
taken to transport the products from the DCs to the customers
does not exceed the limited time window, tw, ensuring that
the products are delivered on time. The service level agree-
ment constraint (31) ensures that customer demand is met at a
specified minimum level. Finally, the last two constraints, 32
and 33 are variable domain constraints.

In this study, Python was used, alongside the Gurobi solver,
to solve the optimisation problems. Python served as the pro-
gramming environment to model, while Gurobi was used to
find the best possible solutions efficiently.

4. Case Study
A. Worten

Worten is one of the leading electronics and home appliance
retailers in Portugal, and is part of the renowned Sonae Group.
With an omnichannel strategy, the company operates in both

physical shops and e-commerce, offering a wide range of tech-
nological products, from consumer electronics to specialised
services. Having consolidated its presence in the Iberian mar-
ket, the next step is to expand into other European markets, es-
pecially through well-established marketplaces such as Ama-
zon. This international expansion brings new challenges, es-
pecially in the logistics area where, in order to compete in
markets such as Germany and France, Worten needs to en-
sure that its products reach customers quickly and efficiently,
while keeping costs under control.

B. Amazon
Amazon is one of the largest global e-commerce platforms,

connecting sellers from various sectors to millions of con-
sumers around the world. Through this platform, companies
like Worten can expand their international presence without
the need for a robust physical infrastructure in each market.
Amazon offers sellers two main fulfilment options: Fulfill-
ment by Amazon (FBA), where Amazon manages the entire
logistics process, and Fulfillment by Merchant (FBM), where
the seller is responsible for storing and delivering the products
themselves, using Amazon only as a Marketplace [20].

In the FBA model, Amazon controls the storage, packaging
and shipping of products, using its vast network of distribution
centres to guarantee fast deliveries. One advantage of FBA
is the access to the Prime programme, which offers acceler-
ated deliveries, increasing product visibility [21]. However,
this entails significant additional fees, which can affect profit
margins, especially for low-value products. In contrast, FBM
offers Worten greater control over the logistics process, allow-
ing for personalisation in shipments and returns management,
but requires a robust logistics infrastructure to guarantee com-
petitive delivery times [22].

C. Scenarios
The scenarios analysed in the study aim to assess the two

logistics approaches that Worten can adopt in its expansion
into the German and French markets. In the first scenario,
FBA is analysed as a distribution solution, where products
are sent from Worten’s warehouse directly to Amazon’s Ful-
filment Centres (FCs) in Europe, with costs including trans-
port and FBA fees. In the second scenario, Worten chooses
to manage the fulfilment process directly, using intermediary
DCs, which gives it greater control over logistics and allows
it to decide on the location of DCs, with a view to efficiently
allocating products to customers.

D. Assumptions
The main assumptions made were summarised:
Product Families: Products were grouped into 11 families

based on similarities in type, volume, and weight to simplify
logistical analysis. This data was provided by Worten.

Time Frame: One year of operations was considered, us-
ing Worten’s 2023 sales data of these products, from Amazon
Spain as a reference.

Customer Representation: All customer locations, DCs,
FCs, and warehouses were represented by the zip codes of
their cities. A total of 95 customer locations were considered
for both and each France and Germany. In this way, each client
is represneted by a unique zip code.

Transport Costs from the Warehouse to the DC: The
transport costs provided by Worten for the products leaving
the warehouse were for the Schenker carrier, and were per pal-
let, from the warehouse to 95 postcodes of each Germany and
France.
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Transport Costs from the DC to the End Client: These
transport costs were calculated based on the taxed cost per
kilometer used in Portugal, adjusted to the cost of living of
these countries. A rate of 41% and 35% was used for Ger-
many and France, respectively.

Demand Distribution: Demand was estimated using re-
gional GDP per zip code, with GDP serving as a proxy for
economic activity and purchasing power in each region.

DC’s Costs: DCs’ Operating costs were estimated based
on Portuguese data, adjusted to the Countries in question.

Pallet Transport: Pallets were used as the unit for trans-
port between the Warehouse and the DC or the FC.

Storage: Storage calculations, assumed products stay in the
DC for 30 days.

DC Capacity: DC capacity was not considered.
These assumptions ensure that all data and parameters are

clearly defined and used consistently in the model, providing
a robust basis for analysing and comparing the internationali-
sation scenarios.

5. Results and Discussion
A. Simplifications

During the development and implementation of the model,
various limitations were encountered, which required several
adaptations both in the treatment of the data and in the way the
problem was approached.

Due to computational and data limitations, the model had
to be split into two different models, one for each scenario -
FBA and FBM - , instead of an integrated one, allowing for a
separate analysis of operating and transport costs, which was
essential to reduce processing time and make the runs feasible.

Also due to computational limitations, the model was di-
vided into quarterly micro-tests, allowing to reduce execution
time, but simplifying some aspects. This approach provides
insights into seasonal demand, but lacks a single optimal solu-
tion of DCs to open for the year, requiring strategic, qualitative
analysis of quarterly trends.

Another important simplification is that, regardless of the
variation in the Service Level Agreement (SLA), the model al-
ways covers 100% of demand. This means that, for the model,
the entire volume of products entering the system is imme-
diately fulfilled, without any inventory accumulation, which
would mean that storage costs are not being accounted for,
which is totally unrealistic, especially when analysing a three
month period. For this reason, the storage cost had to be ad-
justed to reflect the continuous flow of products, changing
from the storage cost, equation 7, the variable regarding the
inventory, ijp, xijp. However, as the analysis is being done
by quarter, the storage cost had to be calculated for a period
of three months, assuming that all the volume arriving at the
DCs remains in storage for that entire time, which also does
not reflect reality. In this way, storage costs end up being in-
flated, since the model does not consider fluctuations in de-
mand throughout the quarter.

In the absence of the algorithm that Amazon uses to dis-
tribute the products to its FCs, the same reason was used to
distribute the products to the DCs. In this way, it doesn’t al-
low the best use to be made of the capacity of the trucks, which
should also be taken into account for the lack of precision in
the result obtained.

B. Presentation and Discussion of Results
To evaluate the logistical feasibility of the FBA and FBM

scenarios for France and Germany, tests were conducted

across all four quarters, to capture seasonal demand fluctua-
tions. In the FBA scenario, costs were estimated based on
shipping costs to Amazon’s FCs and FBA service fees, with
limited flexibility to study different cost variations. In con-
trast, the FBM scenario allowed the model to decide which
DCs to open based on transport, operating, storage, and com-
mission costs. As it is made up of more costs, it was possible
to explore the impact that variations in these costs have on the
strategy. Thus, the FBM scenario was the focal point for opti-
mising logistics distribution costs, across both countries.

B.1 Observed Global Patterns: Germany and France
The analysis of the FBM scenario reveals consistent logis-

tical patterns between Germany and France, as both countries
exhibit similar trends.

To deepen the analysis, three scenarios were tested: one
with a single DC open, another with two DCs open, and a
third, where the model optimises both the number and loca-
tion of DCs to operationalise. This comparison highlights the
impact that a centralised versus distributed structure, has on
transport and operating costs.

In the case of both Germany and France, the increase in the
number of operational DCs is accompanied by a drop in trans-
port costs between the DC and the customer. Since the cost of
transport between the DC and the end customer is given by the
distance between these two points, by increasing the number
of DCs to be opened, it is possible to significantly reduce the
average distances between DCs and customers, thus reducing
transport costs. This increase in the number of DCs, allows for
greater proximity to demand and, consequently, more efficient
distribution, which helps to offset the high transport costs per
kilometre, and keep total costs more under control.

The transition from opening one to two DCs has a very
steep negative slope, which reflects the impact that a geo-
graphically distributed network has on logistics costs, where
this expansion makes it possible to substantially reduce the
distance between the DC and the customer, offering the great-
est benefit in terms of transport costs.

It can also be seen that, as the number of DCs to be opened
increases, the transport costs between the DC and the customer
tend towards the same value for the different quarters, despite
opening a different number of DCs. Thus, the solution that
minimises transport costs, tends to open fewer DCs, for quar-
ters with lower demand. This shows the model’s ability to ad-
just the number of open DCs, to respond to seasonal variations
in demand, in order to reduce total costs to the greatest. Thus,
for the high-demand quarters, the model opens more DCs, in
order to optimise geographical coverage, and reduce these dis-
tances as much as possible.

As for total costs, it is possible to identify the same reduc-
tion in costs with the increase in the number of operational
DCs, although this reduction is less marked than the one seen
for transport costs between the DC and the customer. This
indicates that, although opening more DCs allows the model
to reduce total costs, this reduction does not have such a high
weight in total costs, as it does in transport costs. As increas-
ing the number of DCs reduces the cost of transport to the end
customer, it also increases other logistics costs, especially in
quarters of high demand, where total costs increase due to vol-
ume. This balance reflects the trade-off between reducing dis-
tances and the additional operating, storage and transport costs
of opening more DCs, which the model takes into account, to
identify the most economical configuration.
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For France, the costs of Amazon’s fulfilment service are
considerably higher than for Germany, covering both the FBA
fee and the commissions charged when using only Amazon’s
marketplace (FBM). On average, there is an increase of around
4% in FBM commissions, and 14% in the FBA fee per prod-
uct, for the French market, compared to the German market.
So, although the input data for transport, operating and stor-
age costs are lower for France (as they have been modelled
according to the cost of living in that country), this increase
directly impacts the total costs, as it applies to each product,
making the operation in France a bit more expensive.

Knowing that the cost used per kilometre between the DC
and the customer is lower for France, it would be expected
that the model would not need to open as many DCs as for
Germany, in order to minimise total costs. However, this is
not the case, as more DCs are opened for all quarters. The
transport costs between the DC and the customer obtained are
also more expensive for France, than for Germany, when only
one DC is opened. In the light of these observations, it is pos-
sible to conclude that, both the increase in the number of DCs
to be opened, and the higher cost of transport between the DC
and the customer, may reflect a very geographically dispersed
demand, forcing higher transport costs to be incurred on this
journey.

Therefore, increasing the number of DCs in France is the
model’s response to mitigate the high transport costs incurred
in travelling between the DC and the customer. By opening
more DCs, the model manages to reduce the average delivery
distances through the strategic distribution of DCs, allowing
the transport costs obtained for the different quarters, to be
very similar to those obtained for Germany.

When comparing the relative weights of the costs obtained
for the scenario in which only one DC is opened, or an exces-
sively large number of DCs are opened (given by the model’s
solution), the model’s aim of minimising costs that are vari-
able per quarter becomes clear. Thus, there is a reduction
in their weight, increasing the relative weight of commission
costs (costs that are fixed to the demand for the quarter) from
around 50% to around 80%. As might be expected, this cost
is higher for the quarters with the highest demand, which is
justified by the volume of sales in these quarters.

B.2 Sensitivity Analysis on Transport Costs between the DC
and the Client

As identified by the relative weight of the cost of transport
between the DC and the customer, for the scenario where only
one DC is opened, this is the the main variable to be studied
in order to draw conclusions about its influence on total costs,
and on the efficiency of a distribution network.

Number of units allowed per shipment
It was necessary to set a limit on the number of units al-

lowed per shipment between the DC and the customer, given
that demand is analysed on a quarterly basis, and will not be
delivered in a single trip, nor in an excessive number of indi-
vidual journeys. For a more precise comparison, the impact
of this limitation on transport costs and total costs was anal-
ysed, considering a reduction in the limit from 15 to 10 units
per trip. The aim was to understand how this variation would
affect logistics costs.

This reduction, by allowing less aggregation of orders, in-
creases the number of journeys needed to meet quarterly de-
mand, which directly affects the cost of transport between the
DC and the end customer. It was therefore expected that this

change would result in an increase in transport costs, since by
reducing the capacity of each consignment, more deliveries
would be required for the same demand. However, this impact
was not observed in transport costs, which decreased with the
reduction in aggregation. This reduction can be explained by
the increase in the number of DCs that the model suggests to
open: by limiting to fewer units allowed per journey, the model
requires more DCs, in order to reduce the proximity between
them and the demand points, avoiding high transport costs per
unit, that result from the increase in journeys needed to meet
demand.

It can also be seen that, in the quarters with the highest
demand, transport costs between the DC and the customer are
lower, regardless of the limit of units allowed per shipment.
This is due to the greater efficiency gained in consolidating a
larger volume of orders.

Total costs have remained practically stable, with a very
subtle increase as the number of units allowed per shipment
decreased, a fact that can be explained as the total cost is not
just about transport between the DC and the customer. Thus,
an increase in the number of open DCs, in order to reduce the
cost of transport between the DC and the customer, that comes
with the lower aggregation of shipments, results in an increase
in other logistics costs.

Cost per kilometre
In order to study the impact of varying the transport cost per

kilometre between the DC and the end customer, various sen-
sitivity analyses to this value, were carried out. To do this, the
initial cost per kilometre used for each country was gradually
reduced by 36%.

As already noted, for any variations in this transport cost,
the model prioritises the optimal solution as a configuration
that keeps the total cost stable, by changing the number of DCs
to open, since this directly influences transport costs from the
warehouse, operating and storage costs.

The analysis showed, as might be expected, that despite the
reductions in the transport cost per kilometre, the total costs
remained practically unchanged, with only slight decreases.
This stability in total costs is justified on the basis that, as the
cost per kilometre increases, the model chooses to open more
DCs, with the aim of minimising transport costs, by distribut-
ing the DCs closer to customers, resulting in a trade-off be-
tween all the other costs. This suggests that, although the cost
of transport between the DC and the customer decreases, there
is an increase in the costs of storage, operation and transport
from the warehouse to the DC, which comes from increasing
the number of DCs to open.

In this way, as the cost per kilometre increases, the model
tends to decrease the cost of transport between the DC and the
customer, by increasing the number of DCs open, with this
variation being more marked for the quarters with the highest
demand. Thus, by having the DCs more distributed across
the regions, the model manages to reduce the costs associated
with shipping products from the DC, justifying the negative
slope. This variation is more marked for quarters with higher
demand, as by increasing the number of open DCs, allows the
high volume of transport to be distributed efficiently, making
the most of the reduction in distances.

In addition, for the quarters with the highest demand, as
the cost of transport rises, the increase in the number of DCs
operating is more evident, which is justified by the strategy of
meeting the high demand efficiently. As for the quarters with
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the lowest demand, the increase in the number of DCs, with
the increase in the cost per kilometre, is less intense.

As might be expected, with the increase in the number of
DCs operating, given the increase in the cost per kilometre,
there is also an increase in the cost of transport, from the ware-
house to the DCs. This increase can be justified by the in-
crease in the number of shipments destined for more regions,
that translates into a loss of logistical optimisation, as there is
less utilisation of the loads. With more DCs in operation, the
number of LTL shipments increases, making this cost higher
per unit of cargo. It should be noted that the costs for the quar-
ters are in line with their respective demands, being higher for
quarters Q1 and Q4.

The sensitivity analysis showed an increase in operating
and storage costs, especially in the quarters with the highest
demand, as the number of open DCs increases, a reflex of the
increase in the cost per kilometre. This is because, for a few
DCs, the model has the freedom to choose the cheapest ones,
but with more DCs, this flexibility decreases, requiring the
inclusion of higher-cost units, which proportionally increases
storage and operating costs.

For France, the same results were found, although the vari-
ations in costs were less marked, as the cost per kilometre in-
creased. This suggests that, for the case of France, the model
does not have much flexibility to reduce costs, which can be
justified by the fact that transport costs, are already quite low,
for the ratio between the number of DCs to be opened. Thus,
an increase in costs per kilometre can only be offset by open-
ing more DCs, without a major reduction in cost. Since the
reduction in transport costs between the DC and the customer
is not so pronounced with the increase in the cost per kilo-
metre, as it is for Germany, the increase in the other logistics
costs could not be expected to be as pronounced. As might
be expected, the number of DCs to be opened increases with
the rise in the cost per kilometre, more than for Germany, a
fact justified by the disperse distribution of demand across this
region.

C. Analyse by Country
For the analysis for each country, several tests were carried

out for each quarter, with the aim of assessing how different
logistics scenarios affect total costs. As noted in the previ-
ous analyses, variations in the cost of transport between the
DC and the customer, only influence the number of DCs to
open. Therefore, in order to simulate different market condi-
tions, several scenarios were tested, to compare costs between
the different fulfilment strategies.

For FBA, scenarios were analysed with the fulfilment ser-
vice rate increased by 5% and 10%.

For the FBM model, since opening more or fewer DCs
has little influence on total costs, in order to compare dif-
ferent costs for this model, a further scenario was tested. In
this scenario, for Germany, DCs were opened in the seven zip
codes with the highest demand, meaning that seven DCs were
opened in the zip codes with the highest GDP (since, as as-
sumed, GDP was the indicator used to distribute demand).

However, for France, instead of offering the model the
seven DCs located in the zip codes with the highest demand,
only four were given as an option. This can be justified be-
cause, for this country, the fifth and sixth zip codes with the
highest GDP are neighbouring zip codes to one of the four zip
codes with the highest GDP. Therefore, since opening DCs in
neighbouring locations would not add major improvements to

the distribution network, it would even become more ineffi-
cient, since there would be less utilisation of the pallets from
the warehouse to neighbouring zip codes, resulting in an in-
crease in unnecessary journeys, it was decided to opt for four,
rather than seven locations, for possible DCs.

Having a fixed number of DCs, it was then possible to as-
sess the impact that sending 10 or 15 units (in shipments be-
tween the DC and the customer) has on total costs. Thus, the
analysis is based on three scenarios: opening the number of
DCs given by the optimal solution; opening 7 DCs in the zip
codes with the highest demand (4, for France), varying the
number of units allowed to be sent from the DC to the cus-
tomer, between 10 and 15, for a fixed number of open DCs.

The analysis of the data shows that the cost of the FBA sce-
nario is, for both countries, consistently higher than that of
the FBM scenario, when the number of DCs to be opened, is
given by the model. However, while for Germany, the FBM
scenario where 7 DCs are opened, and the aggregation of 15
units per shipment is used, is also lower than the FBA scenario,
for all quarters, for France it is not. In this country, the FBM
scenario, opening 4 DCs and using the same shipment aggre-
gation, outperforms the FBA scenario, for the quarters with
the lowest demand. This can be explained by the high FBM
rates which, for low volumes of demand, the costs associated
with opening fewer DCs, handling the fulfilment process and
paying FBM commissions, may not be worth it.

The difference between the FBA and FBM scenarios is
more pronounced for the quarters with higher demand, which
can be explained by the high fees charged for the FBA ser-
vice, which has a larger relative weight in the total cost of this
scenario, discouraging this fulfilment strategy, especially for
higher sales volumes.

Furthermore, by setting a number of DCs to open, it was
possible to infer the impact that aggregating shipments be-
tween the DC and the customer has on costs, especially for
higher demand. The increase in total costs registered was of
10%, for the lowest demand for Germany, and 15% for France;
and an increase of 12% for highest demand for Germany, and
17% for France. In France the increase in costs is greater, due
to the dispersion of demand across the country, as well as the
fact that for France, the number of operating DCs considered
is three DCs less.

E. Cost Comparison
Although the cost of living is higher in Germany, which

leads to higher operating and transport costs, total costs are
surprisingly higher in France, although this difference is not
significant. This is due to the fact that FBM rates are 4%
higher per product, which is reflected in the total costs, mak-
ing France a more costly market to operate in, despite the rel-
atively lower living and transportation costs. The difference
in fees between the countries suggests that Amazon, as a mar-
ketplace, is more efficient in Germany (corroborated by the
number of FCs in this country, compared to the number of
FCs in France), which may reflect a higher degree of brand
recognition.

However, the proximity between the costs of the two coun-
tries suggests that logistics cost structures are similar, reflect-
ing alignment in operating costs.

F. Managerial Insights
Given the model’s simplifications, the results were analysed

from a strategic perspective, without seeking exact conclu-
sions for the real world. In this way, the model requires the
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results to be interpreted in a qualitative way, by comparing the
different scenarios. This approach makes it possible to visu-
alise how variations in factors, such as fluctuations in demand
and operating and transport costs, can impact decisions in the
distribution network. The patterns identified offer strategic di-
rection, serving as a basis for informed decisions at a high
level, rather than detailed operational planning.

In this way, the analyses carried out revealed some impor-
tant strategic insights that can help in decision-making about
the best logistics approaches for Worten’s expansion in these
markets.

Weight of transport costs between DC and customer:
This cost is proportional to distances, weighing more heavily
on concentrated DC networks, which require longer deliveries.
Opening more DCs reduces distances and costs, but increases
operating and storage expenses.

Operational efficiency for high demand: In quarters of
high demand, the FBM model is more economical than FBA,
since the high FBA rates outweigh the FBM logistics costs
when sales volumes are high.

Adapting the network to the market and demand pro-
file: In Germany, where logistics costs are higher and demand
is distributed, centralising operations helps control storage and
operating costs. In France, with a more dispersed demand and
lower logistics costs, opening more DCs minimises the total
cost, indicating the need for personalised strategies.

Importance of a well-distributed network: Sensitivity
analysis revealed that opening more DCs can keep total cost
stable by reducing average delivery distances, mitigating im-
pacts from cost per kilometre increases.

Impact of Amazon service fees: FBA fees in France are
significantly higher, driving up total costs, especially in the
FBA scenario, and making the French market more expensive
to operate, possibly due to Amazon’s smaller infrastructure in
the country.

In summary, to ensure an efficient logistics operation and
keep costs under control, it is essential that the choice of ful-
filment strategy takes into account the seasonality of demand,
the location of DCs, the fees charged by Amazon and transport
costs. A hybrid approach, combining FBM and FBA accord-
ing to fluctuations in demand throughout the year, may be a
viable solution for Worten in the French market.

6. Conclusions, Limitation and Future Work
A. Conclusions

The study concludes that the success of a retail company in
its international expansion is directly related to the efficiency
of its logistics operations. As a company seeks to adapt to the
challenges posed by internationalisation and e-commerce, it is
crucial to align its logistics operations with consumer expec-
tations. This requires an agile and efficient operation that can
offer fast deliveries and a high level of customer convenience.

This dissertation aimed to create a model to support com-
panies like Worten in strategising their internationalisation
through marketplaces, particularly Amazon. A literature re-
view provided theoretical insights into distribution challenges,
informing the construction of a mathematical model that en-
compasses the key logistical processes in fulfillment.

Despite substantial methodological limitations and simpli-
fications, the study met its goal by establishing a foundation
for understanding Amazon’s operational framework and offer-
ing broad insights into possible distribution strategies. The
research highlighted which logistics costs are most impactful

and how they interact with demand fluctuations, to affect net-
work efficiency. While the quantitative results may lack pre-
cise practical application, they offer a strategic perspective on
optimising logistics operations. In this way, the study may
be used as a tool for strategic decision-making, supporting
Worten’s optimised growth and competitiveness in new mar-
kets.

B. Limitations
The limitations identified in the study mainly involve the

simplifications necessary to make the analyses and the tests
feasible, which had an impact on the accuracy of the final re-
sults.

One of the main limitations was the simplification of time in
quarterly analysis. While these analysis allow for a clear view
of costs and demands over the course of each quarter, they
do not fully capture fluctuations in demand and logistical be-
haviour over shorter periods, such as monthly or weekly. This
can lead to a less accurate analysis of how sales volumes and
transport costs vary, according to seasonal peaks or changes
in consumer behaviour. As the model aims to optimise costs
quarterly, it adjusts the number and locations of DCs, based
on demand and transport costs. However, changing DC num-
bers and locations each quarter results in an unrealistic, incon-
sistent distribution network, making it difficult to establish a
stable and predictable logistics setup throughout the year.

In addition, the model does not build up stock over the quar-
ter, meeting demand immediately, which doesn’t reflect the
real dynamics of logistics operations, where planning is based
on forecasts. This approach can result in under-utilisation of
pallets and increased storage costs, as it does not optimise
shipments continuously over time.

Another important limitation of the study is related to the
assumption that all customers are represented by specific zip
codes and that each shipment to the zip code takes a total of
15 units. By representing each customer as a single zip code,
the model does not take into account the actual geographical
dispersion of consumers within a specific area, failing to cap-
ture the complexity of the logistical costs, involved in serving
customers spread over larger areas. Furthermore, by imposing
a limit of 15 units per shipment, the model does not reflect real
variations in demand between different types of customers or
over time. In this way, the model simulates the reality that
products are not shipped all at once, but in a staggered and
continuous manner, throughout the quarter. The assumption
of uniform demand can distort the results, as peaks in demand
and seasonal fluctuations are not properly taken into account.

The study uses Worten’s 2023 sales data from Amazon
Spain as a demand forecast, assuming constant demand across
Germany and France, without considering market differences
or growth projections. Additionally, transport and operat-
ing costs were estimated based on cost-of-living adjustments
between Portugal, Germany, and France, which may inflate
costs, as cost-of-living differences are diminishing.

C. Future Work
To address current limitations, the study’s first next step

should be to integrate the time on a monthly scale, offering a
more accurate and continuous view of the operations. Monthly
modeling would better capture seasonal demand peaks and
market fluctuations, allowing for more realistic logistics flows
and consistent DC adjustments throughout the year.

Furthermore, integrating France and Germany into a sin-
gle distribution model, rather than analysing each separately,
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would provide a holistic view of the regional network. This ap-
proach could reduce the total number of DCs by strategically
positioning them to cover both regions, leveraging economies
of scale in shipments and reducing the need for frequent,
smaller shipments from the warehouse to the DC.

Since the strategy is considering subcontracting DCs in
Germany and France, fixed costs are included within opera-
tional and storage expenses, which leads the model to min-
imise costs by opening numerous DCs. However, this leads
to unrealistic and unstable decisions where DCs change each
quarter, based on demand shifts. To address this, introducing a
penalty for the number of open DCs could help the model fa-
vor a more stable and realistic network, reducing operational
complexity and discouraging frequent location changes.

Furthermore, after this integration, including the LIRP in an
unified model would provide a richer and more complete view
of the entire process, since the model would optimise customer
allocation, inventory management and transport decisions, in
a single approach. Incorporating essential variables, such as
replenishment times and vehicle routing, would make the dis-
tribution network more agile and flexible, obtaining a more
strategic view and allowing Worten to respond proactively to
fluctuations in demand, and changes in the market.

Another potential area for future research is the develop-
ment of a more comprehensive model that integrates all the
scenarios explored in this study. Currently, the way the model
was developed, it separates the different fulfillment models,
where each scenario is tested independently. However, com-
bining these scenarios into a single, unified model would al-
low for a more holistic optimisation process, as it considers a
broader set of decision-making factors.

Since everything is limited to one space, including the ca-
pacity of facilities as a parameter that could influence the
choice of DCs to open would be an important study to make
when considering the strategic positioning of DCs.

References
[1] Y. Y. Lee and M. Falahat, “The impact of digitalization

and resources on gaining competitive advantage in in-
ternational markets: The mediating role of marketing,
innovation and learning capabilities.”

[2] Z. Qin, Y. Chang, S. Li, and F. Li, E-commerce strategy.
Springer, 2014.

[3] B. Siwicki, “E-commerce and m-commerce: The
next five years,” Internet Retailer, available at:
www. Internetretailer. com/commentary/2014/04/28/e-
commerce-and-m-commerce-nextfive-years, 2014.

[4] P. C. Verhoef, P. K. Kannan, and J. J. Inman, “From
multi-channel retailing to omni-channel retailing: intro-
duction to the special issue on multi-channel retailing,”
Journal of retailing, vol. 91, no. 2, pp. 174–181, 2015.

[5] “The dynamics of transformation in the de-
velopment of digital services,” pp. 595–606,
2018. [Online]. Available: http://www.diva-
portal.orghttp://urn.kb.se/resolve?urn=urn:nbn:se:hh:diva-
37782

[6] E. Kostikov, P. Jı́lkova, and P. K. Stranska, “Optimiza-
tion of e-commerce distribution center location,” Mar-
keting and Management of Innovations, vol. 5, pp. 166–
178, 2021.

[7] O. Kiseleva, O. Prytomanova, D. Lebediev, and O. Filat,
“Software for solving the two-stage location-allocation
problems,” Problems of applied mathematics and math-
ematic modeling, pp. 94–100, 4 2024.

[8] A. Weber, “Uber den standort der industrien,” University
of Chicago, 1929.

[9] G. W. Wolf, “Solving location-allocation problems with
professional optimization software,” pp. 2741–2775, 11
2022.

[10] L. Mallozzi and A. P. d. Napoli, “Optimal transport and
a bilevel location-allocation problem,” Journal of Global
Optimization, vol. 67, pp. 207–221, 2017.

[11] S. Chandra, M. Sarkhel, and A. K. Vatsa, “Capacitated
facility location–allocation problem for wastewater treat-
ment in an industrial cluster,” Computers & Operations
Research, vol. 132, p. 105338, 2021.

[12] X. Tang, J. Wu, and R. Li, “Efficient allocation of cus-
tomers to facilities in the multi-objective sustainable lo-
cation problem,” Sustainability (Switzerland), vol. 12, 9
2020.

[13] J. Perl and S. Sirisoponsilp, “Distribution networks:
facility location, transportation and inventory,” Inter-
national Journal of Physical Distribution & Materials
Management, vol. 18, no. 6, pp. 18–26, 1988.

[14] K. Sourirajan, L. Ozsen, and R. Uzsoy, “A single-product
network design model with lead time and safety stock
considerations,” IIE Transactions (Institute of Industrial
Engineers), vol. 39, pp. 411–424, 5 2007.

[15] R. Z. Farahani, H. Rashidi Bajgan, B. Fahimnia, and
M. Kaviani, “Location-inventory problem in supply
chains: a modelling review,” International Journal of
Production Research, vol. 53, no. 12, pp. 3769–3788,
2015.

[16] G. Nagy and S. Salhi, “Location-routing: Issues, mod-
els and methods,” European journal of operational re-
search, vol. 177, no. 2, pp. 649–672, 2007.

[17] B. Shu, F. Pei, K. Zheng, and M. Yu, “Lirp optimiza-
tion of cold chain logistics in satellite warehouse mode
of supermarket chains,” Journal of Intelligent & Fuzzy
Systems, vol. 41, no. 4, pp. 4825–4839, 2021.

[18] L. L. Zhang, C. K. Lee, and Q. Xu, “Towards product
customization: An integrated order fulfillment system,”
Computers in Industry, vol. 61, no. 3, pp. 213–222, 2010.

[19] Y.-Y. Chen, “The order fulfillment planning problem
considering multi-site order allocation and single-site
shop floor scheduling,” Journal of Intelligent Manufac-
turing, vol. 25, pp. 441–458, 2014.

[20] B. Connolly, “Amazon business models & types of
seller accounts - 2023 guide,” Jan 2024. [Online].
Available: https://www.junglescout.com/blog/amazon-
business-models/

[21] G. Lai, H. Liu, W. Xiao, and X. Zhao, “”fulfilled
by amazon”: A strategic perspective of competition at
the e-commerce platform,” 2018. [Online]. Available:
https://ssrn.com/abstract=3270958

[22] P. Lewis, “What is amazon fbm and how does it
work? - seller assistant app blog,” Feb 2024. [Online].
Available: https://www.sellerassistant.app/blog/what-is-
amazon-fbm-and-how-does-it-work

10


