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Abstract 

The supply chain configuration has a strong influence on a company’s competitive capacity in the 

market in which it operates. In this case study is approached the company SerlimaWash, 

integrated in the industrial laundries industry, which intends to redesign its supply chain. 

Therefore, the company considers the creation of a distribution centre and needs a decision 

support model to know which location minimizes the transport costs along the supply chain. This 

problem is analysed in this paper, starting by a characterization and description of the company 

current logistics network. The centre of gravity model is proposed to solve the problem. After the 

model formulation, several supply chain redesign scenarios are created and analysed. In order 

to complete the work carried out, more precisely the transport costs calculation, the Sweep 

Algorithm and the Nearest Neighbor models were used to create distribution routes. The final 

analysis allows to conclude that the viability to create a distribution centre for the company is 

highly dependent on the distribution routes created, and more detailed study in this area is 

advised. 

Key words: supply chain redesign, facility location, logistics network, industrial laundries, 

optimization. 

 

1. Introduction 

The efficiency of a supply chain is directly related with its design and with this thought the 

company SerlimaWash intends to redesign its own. The main costumer of this company is the 

hotel industry which is facing good prospects to grow in Portugal. Therefor the company believes 

that now is the time to do some strategic investments and create a more efficient supply chain. 

With this redesign the company intends to lower their costs and increase the service level to their 
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customers. The company SerlimaWash is located in Montijo, where it has its only facility in 

mainland Portugal. From here the company serves more than 70 clients located mainly in the 

region of Lisboa and with some clients dispersed from Torres Vedras to Odemira. The company 

provides all type of laundry services to its clients, from washing to ironing and even the laundry 

pickup and delivery. In the next figure its presented the SerlimaWash’s supply chain in order to 

better understand it. 

 

Figure 1 – Company’s supply chain 

As it can be observed on figure 1, the company collects the dirty laundry at the client’s locations. 

At the same time the clean laundry, previous collected is delivered. After the pickup process the 

laundry is transported in vans to the SerlimaWash facility where the washing process occurs. The 

clean laundry is then transported back to the client. Each client is supplied every day. The laundry 

is transported in wire cloth carts, the transport vans have capacity for 21 carts and the transport 

is done by predefined routes. 

Facing high transportation costs and seeking for an opportunity to lower them, the company 

considers the creation of a distribution center and needs a decision support model to know which 

location minimizes the transport costs. 

Consequently, this study addresses the development of a location model to support network 

design decisions of the company SerlimaWash. After the presented summary of the problem 

identification, relevant published literature is reviewed in the following section. In section 3 the 

model development is presented and the fourth section shows the scenarios analysed and its 

results, from where the conclusions are showed in the last section. 

2. Literature Review  

2.1. Logistics and supply chain management  

Corominas (2013) suggest that a supply chain is the network of entities that collaborate in order 

to obtain, deliver and maybe recover a product or a set of products. The author also says that the 

management of a supply chain, which may include its design, is concerned with the people, 
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material, information, and financial flows between the entities that belong to the supply chain and 

with the operations that have to take place in some of them.  

Rushton et al. (2011), says that logistics is a diverse and dynamic function that must be flexible 

and has to change according to the various constraints and demands imposed upon it and with 

respect to the environment in which it works. Therefore, the authors affirm that logistics and the 

supply chain are concerned with physical and information flows and storage from raw material 

through to the final distribution of the finished products. 

Location decisions may be the most critical and most difficult of the decisions needed to realize 

an efficient supply chain. Transportation, inventory, and information sharing decisions can be 

readily re-optimized in response to changes in the underlying conditions of the supply chain. 

Facility location decisions, on the other hand, are often fixed and difficult to change even in the 

intermediate term (Langevin & Riopel, 2005). 

The fact that supply chains usually are networks and sometimes global networks makes it more 

difficult to optimize the configuration of the system. As it is known, even the location and the 

strategic capacity planning of a single plant involve many complex decisions and a hierarchical 

approach is often necessary to deal with them reasonably. When designing a supply network, we 

will need the help of mathematical models (Corominas, 2013). 

2.2. Facility location problems 

Owen & Daskin (1998) identifies the location problems as critical elements for strategic planning 

and classifies the locations models by being static, dynamic and by the stochastic temporal 

nature. The author says that static models can be represented by mathematical models and can 

be solved using mixed integer linear programming techniques. The dynamic models deal with the 

inherent uncertainty in planning for future conditions. Stochastic models attempt to capture the 

uncertainty in problem input parameters such as forecast demand or distance values. 

Facility location problems can be generally classified as: continuous or discrete problem solution; 

minsum or minmax objectives; with or without capacity constraints; single or multi-stage; single 

or multi-product; demand elasticity; single or multi-period; and deterministic or stochastic (Klose 

& Drexl, 2005). 

Accordingly to ReVelle & Eiselt (2005) the first true location algorithm was proposed by Weiszfeld 

(1937) which intends to solve a minsum problem with a single facility and Euclidean distances. 

Ballou (2004) proposes a centre of gravity model where the objective function is given by: 

 𝑀𝑖𝑛 𝑇𝐶 =  ∑ 𝑉𝑖𝑅𝑖𝑑𝑖

𝑖 ∈𝐼

 (1) 

The objective function minimizes the total cost given by the sum of the volume 𝑉𝑖 at a specific 

point i, multiplied by the transport rate 𝑅𝑖 associated to the ship to the point i and multiplied by the 

distance 𝑑𝑖 to the point i. The distance 𝑑𝑖 can be formulated as: 
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 𝑑𝑖 =  √(𝑥𝑖 − �̅�)2 + (𝑦𝑖 − �̅�)2 (2) 

Where (𝑥𝑖 ,  𝑦𝑖) are the coordinates of the point i and the coordinates of (�̅�, �̅�) are given by: 

 �̅� =  
∑

𝑉𝑖𝑅𝑖𝑥𝑖

𝑑𝑖
𝑖

∑
𝑉𝑖𝑅𝑖

𝑑𝑖
𝑖

   𝑒   �̅� =  
∑

𝑉𝑖𝑅𝑖𝑦𝑖

𝑑𝑖
𝑖

∑
𝑉𝑖𝑅𝑖

𝑑𝑖
𝑖

 (3) 

Ballou (2004) affirms that this type of model have a few limitations such as the assumption that 

distances between two entities are linear which only occurs in the best case scenario.  

2.3. Vehicle Routing Problems 

Accordingly Braekers et al. (2016) there are many vehicle routing problem (VRP) models, such 

as: Capacitated VRP (CVRP), VRP with time window (VRPTW), VRP with pickup and delivery 

(VRPPD), VRP with multiple trips (VRPMT), etc. 

The classical VRP is defined by Laporte (1992) as: Let G=(V,A) be a graph where V={1,2,…,n} is 

a set of vertices representing cities with the depot located at vertex 1, and A is the set of arcs. 

With every arc (i,j): i ≠ j is associated a non-negative distance matrix C=(𝑐𝑖𝑗). In some contexts, 

(𝑐𝑖𝑗)  can be interpreted as a travel cost or as a travel time. 

Karkory & Abudalmola (2013) says that there are 3 types of algorithms to solve the vehicle routing 

problems: The exact algorithm, heuristics methods and the special cases (Problems with triangle 

inequality). The author suggests that the heuristic methods are the fastest in obtaining good 

solutions, but they do not guarantee the optimal solution. The author also suggests that the 

Nearest Neighbor algorithm its perhaps the simplest and most straightforward heuristic to solve 

this type of problem, which obtain a close to the optimal route and do not take too long to execute. 

Abid & Muhammad (2015) suggests 5 steps to implement the Nearest Neighbor heuristic to a 

VRP: (1) select any vertex, (2) look at all the arcs coming out of the starting vertex that have not 

been visited and choose the next closest vertex, (3) Repeat the process until all the vertices have 

been visited at least once, (4) Check and see if all vertices are visited. If so return to the starting 

point which gives us a route, (5) Draw and write down the route, and calculate the distance of the 

route. 

The Sweep Algorithm, another heuristic method, where the nodes are surrounding the central 

depot, was suggest by Miller (1970) and to solve this type of problem Kumar & Jayachitra (2016) 

suggest this 7 steps to implement it: (1) A radial line with central depot as centre point starts form 

0º and sweeps through nodes surrounding the depot in either clockwise or counter-clockwise 

direction, (2) As the first node is encountered, it is assigned to the first vehicle and checked for 

the capacity constraint. If fit then the node is assigned as visited, (3) Then the line is swept again 

for getting the second node, (4) As the second node is assigned, the capacity constraint is applied 

first and if it passes through, it is assigned to the vehicle and the node is set as visited, (5)  The 
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sweeping continues until the vehicle capacity is full or any constraint is over-ruled, (6)  Then the 

procedure starts with vehicle number 2 for the remaining nodes, (7)  The procedure is repeated 

until all the nodes are assigned to vehicles.  

3. Model Formulation 

The problem faced by the company is a continuous location problem because the company did 

not want to limit the solution to a set of location. The model developed to solve this problem is 

based on the center of gravity model which allows to analysis a several of possible supply chains 

as requested by the company. To implement the model, was conducted a data collection and 

treatment from where it was obtained the clients location, laundry volume and type of transport 

vehicle assigned to each client. To simplify the model implementation the geographic coordinates 

obtained for the clients were transformed in cartesian coordinates so the model could be created 

in a 2-dimensional plane. This transformation also allowed the model to find a solution in an infinite 

set of points in a bi-dimensional plane. The model used is based on the center of gravity and the 

coordinates for the distribution center are given by: 

 𝑋 =
∑ 𝑉𝑖𝑅𝑖𝑥𝑖𝑖

∑ 𝑉𝑖𝑖 𝑅𝑖

    𝑒    𝑌 =
∑ 𝑉𝑖𝑅𝑖𝑦𝑖𝑖

∑ 𝑉𝑖𝑖 𝑅𝑖

 (4) 

Where 𝑉𝑖 is the annual volume from client i, 𝑅𝑖 is the rate for client i, (𝑥𝑖 , 𝑦𝑖) are the client i 

coordinates and (𝑋, 𝑌) are the center of gravity coordinates. After finding the solution for the best 

location is necessary to obtain the distance (meters) between every client and the distribution 

center which is given by: 

 𝑑𝑖 =  √(𝑋−𝑥𝑖)2 + (𝑌 − 𝑦𝑖)2 (5) 

For the last step the total costs are calculated by 

 𝑇𝑜𝑡𝑎𝑙 𝐶𝑜𝑠𝑡 =  ∑
𝑑𝑖 × 2

103
𝑖

 ×
𝑉𝑖

365
× 𝐶𝑘𝑚.𝐾𝑔 (6) 

The factor, cost by kilometer travelled by volume transported (𝐶𝑘𝑚.𝐾𝑔) is the rate, the volume of 

laundry is transformed in a daily value instead of annual and the distance is transformed in 

Kilometers instead of meters.  

4. Results 

The main objective of this study was to find the best location for a distribution center which 

minimizes the transportation costs. In this section, 5 scenarios plus one, were created and solved 

using the model developed. The plus one scenario is the reference scenario (scenario 0) which 

intends to represent the company’s actual supply chain. In scenario 1 a distribution center is 

created and every client is supplied from it. In scenario 2 is tested the impact of the clients’ 
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seasonality where 12 possible locations are created, one for each month. In scenario 3, two 

distribution centers are created to study the impact in the transportation cost of having more than 

one distribution center. In scenario 4, as the SerlimaWash’s facility is located south of Tejo river, 

is tested the possibility of the clients also located south of Tejo river be supplied directly from the 

SerlimaWash’s facility and the clients located at north be supplied from the distribution center. In 

the scenario 5 the same concept as scenario 4 is applied with addition of another distribution 

center at north of Tejo river. 

Scenario 0 – In this scenario, with no distribution center, the distances calculated to implement 

the model were between the clients and the SerlimaWash’s facility instead of the distribution 

center. This scenario indicates a daily total cost of 13617 €. 

Scenario 1 – In this scenario, as in the next ones, the daily total costs need to contain the transport 

of the laundry between the distribution center and the SerlimaWash’s facility so a new cost is 

added. The total cost of this scenario is given by the sum of this cost with the cost of distribution 

between the distribution center and the clients. This scenario has a daily total cost of 8117 € 

Scenario 2 – This scenario is the same as scenario 1 with the difference that the volume 𝑉𝑖 is a 

monthly value instead of an annual value. The model is repeated 12 times, one for each month 

of the year. The daily total cost for this scenario varies from 7994 € to 8286 €. 

Scenario 3 –As it was said, the clients are supplied in routes, so for each route a center of gravity 

was calculated. Visually the points of the centers of gravity were arranged in two groups and two 

distribution centers were created for each group. The clients from each route was allocated to the 

respectively distribution center. The cost calculation process is the same as in scenario 1 but 

done twice, one for each distribution center.  This scenario has a daily total cost of 4921 € 

Scenario 4 – This scenario intends to supply the clients located north of the Tejo river by a 

distribution center and the clients located south of the Tejo river directly form the SerlimaWash’s 

facility. In mater of the daily costs calculation this scenario is a combination of scenario 0 and 

scenario 1. The cost related to the clients located north of Tejo river is done the same way as 

scenario 1 and the cost related with clients located south is done the same way as scenario 0. 

The final cost of this scenario is given by the sum of these two costs and is 4195 €. 

Scenario 5 -  This scenario has the same concept of scenario 4 with the difference that there are 

two distribution centers for the clients located north of Tejo river just as in scenario 3. Thus, for 

this scenario, the daily total cost is a combination of the process for scenarios 3 and 4. This 

scenario has a total cost of 1824 €. 

Table 1 - Daily total costs for each scenario 

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

Cost [€] 13617 8117 7994-8286 4921 4195 1824 
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Analyzing the scenarios 0, 1 and 3 it is possible to understand that the creation of one distribution 

center reduces the daily total costs in approximately 40% and the creation of two distributions 

centers reduces the daily total costs in almost 64%. Comparing the scenario 1 with scenario 4 

and scenario 3 with scenario 5 is possible to conclude that by supplying the clients located south 

of the Tejo river directly from SerlimaWash’s facility reduces the daily total costs in 50% for the 

case with one distribution center and reduces the daily total costs in 57% for the case with two 

distribution centers. 

Analyzing the scenario 2 it is possible to see some significant cost variations and this fact will 

need to be weighted by the company and taken in consideration if they intend to have a movable 

distribution center.  

To summarize, this model shows benefits for the creation of distribution centers in terms of 

transportation costs and a sever difference can be observed from supplying the south clients 

directly from the SerlimaWash’s facility.  

After the result’s presentation to the company, they were satisfied with the locations created for 

the distribution center but not very satisfied with the way the transport costs were calculated. The 

company highlighted that the clients are supplied in routes and a scenario where each client is 

supplied alone would not be reasonable. Therefore, VRP models were used to create distribution 

routes based on the locations previously calculated with the center of gravity model. 

The models selected to solve this problem were the Sweep Algorithm and the Nearest Neighbor. 

This model’s choice was mainly due to their capability to generate almost optimal results within a 

short time window and with very few computational power. The two models were implemented 

following a capacitated concept (CVRP) where the routes are limited by the transport vehicle 

capacity. Both models were implemented using the software Matlab and Excel. The company 

also implied that the scenarios with more than one distribution center were not on their best 

interest for now, so only three scenarios were selected to implement these models: Scenario 0, 1 

and 4.  

The Sweep Algorithm does a linear rotation sweep from 0º to 360º either clockwise or 

anticlockwise in turn of the distribution center. So, to implement this model to our case study the 

polar angle between the distribution center and every client was calculated using the Excel. The 

data related with volume, distance, location, and polar angle was imported to Matlab and 

associated to matrixes with the same client’s index in every matrix. It was necessary to create a 

matrix K which will receive the routes for each van. Two other matrixes were created, Dist and 

Carrinhas (Vans), which will receive the total distance traveled by each van and the total volume 

transported by each van respectively. The method to create the routes is: (1) In the matrix with 

the polar angle look for the minimum value and keep its index. (2) In the matrix K add the value 

of the index. In matrix Dist add the distance between the client, associated to the index selected, 

and the distribution center. In the matrix Carrinhas add the volume of that client, and in the matrix 

with the data related to the polar angle substitute the value on the index with the value 1000. (3) 

Look again for the minimum value in the matrix with the polar angles and keep its index. (4) A test 
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is made: If the volume associated to the client with that index added to the van exceeds the 

maximum capacity, the van does not supply the client and return do the distribution center adding 

the return distance to the matrix Dist and a new route is initiated. If the added volume does not 

exceed the maximum capacity, in matrix K add the value of the index, in matrix Dist add the 

distance between the client, associated to the index selected, and the previous client supplied, in 

the matrix Carrinhas add the volume of that client, and in the matrix with the data related to the 

polar angle substitute the value on the index with the value 1000. (5) Repeat the process until the 

sum of the matrix with the polar angles returns the value equals to the number of clients multiplied 

by 1000. The cost calculation between the clients and the distribution center is done by multiplying 

the sum of the matrix Dist, containing all the distance travelled, by the van’s average fuel 

consumption, by the fuel’s price. The cost calculation between the distribution center and the 

SerlimaWash’s facility is done the same way as in the center of gravity model. 

The nearest Neighbor method is based on the selection of the closest client from the last client in 

the route being created. As in the Sweep Algorithm each client only is visited once. In this model 

there was no need to calculate any other data than the already collected. The matrixes created 

were the same as in the Sweep algorithm, except for the one containing the polar angle, not 

needed in this model, and a binary matrix needed to know which clients were supplied or not. In 

the binary matrix the clients already supplied were assigned the value 0 and the ones not 

supplied, the value 1. The method to create the routes is: (1) calculate the distance between every 

client and the distribution center and pick the client with the shorter distance. (2) In the matrix K 

add the index’s value of the client. In matrix Dist add the distance between the client, and the 

distribution center. In the matrix Carrinhas add the volume of that client and in the binary matrix 

substitute the client’s value from 1 to 0. (3) Calculate the distance from the current client to every 

client with the binary value 1 and pick the client with shorter distance. (4) A test is made: If the 

volume associated to the client added to the van exceeds the maximum capacity, the van does 

not supply the client and return do the distribution center adding the return distance to the matrix 

Dist and a new route is initiated. If the added volume does not exceed the maximum capacity, in 

matrix K add the index’s client value, in matrix Dist add the distance between the new client and 

the previous client supplied and in the matrix Carrinhas add the volume of that client. This process 

is repeated until the sum of the binary matrix is equal to zero. The cost calculation method is the 

same as in the Sweep algorithm method. 

Table 2 - Total costs from each scenario obtained from the Sweep Algorithm and the Nearest Neighbor 

 Scenario 0  Scenario 1  Scenario 4  

Sweep Algorithm 394,1 € 455,2 € 332,4 € 

Nearest Neighbor 235,7 € 293,5 € 258,6 € 

Analyzing first the Sweep algorithm it is possible to see in scenarios 0 and 1, that the 

implementation of a distribution center increases the total costs of transportation. In fact, in 
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scenario 1, the transportation costs between the clients and the distribution center are lower than 

in scenario 0, where the distribution center is the SerlimaWash’s facility. In scenario 1 the cost of 

transporting the laundry from the distribution center to SerlimaWash’s facility is the one that make 

this scenario more expensive than scenario 0.  The scenario 4, the less expensive of all, once 

again shows the benefits of supplying the clients located south of Tejo river directly from 

SerlimaWash’s Facility. This model shows benefits in creating a distribution center but only if the 

clients located south are supplied from SerlimaWash’s facility. 

By analyzing the Nearest Neighbor, it can be observed that the less expensive scenario is the 

scenario 0, the one without distribution center. As in the Sweep algorithm model, in scenario 1 

the transportation costs between the clients and the distribution center are lower than in scenario 

0, where the distribution center is the SerlimaWash’s facility. In scenario 1 the cost of transporting 

the laundry from the distribution center to SerlimaWash’s facility is, once again, the one that make 

this scenario more expensive than scenario 0. In this model the fact of supplying the south clients 

directly from the SerlimaWash’s facility do not reduce the transportation costs sufficiently to make 

the creation of a distribution center rentable. 

Analyzing the two models at once it can be seen that the Nearest Neighbor is always better in 

creating transportation routes, as the costs are in average 100€ lower than in the Sweep 

Algorithm. 

5. Conclusions 

The main objective of this study was the development of a decision model to support 

SerlimaWash’s decision about the location of a distribution center, with the goal of lowering 

transportation costs in the company’s supply chain. Different scenarios with different supply chain 

configurations were studied with all the locations for the distribution centers obtained using the 

center of gravity model. The cost calculation for each scenario was obtained by using VRP 

models, more precisely the Sweep Algorithm and the Nearest Neighbor. As it was expected the 

transport cost calculation obtained by the VRP models is much lower than the one obtained from 

the center of gravity model. From the analysis of the two VRP models implemented it can be said 

that the creation of a distribution center can be rentable depending on the routing method used. 

It can also be said that the routing method is almost as important as the location of the distribution 

center. It is necessary to highlight the fact that all distances calculated in this study were linear 

which in the real case scenario usually don’t occur, what points the fact that the real total cost can 

be higher than the ones here obtained. To conclude, the analysis of more methods to solve routing 

problems is advised to better support the decision about the creation of a distribution center. With 

this study its intended to show a wider and clear view of the factors that most influence the 

transportation costs and, therefore, a study of possible alternatives in the supply chain can be 

conducted. 
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