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Abstract 

Inventory is an ancient cross-sectional problem to most organisations. Besides holding inventory, its 

location is a concern which impacts the ability to satisfy the customers through a highest service level. This 

work presents the inventory problem in Company X, a leader organisation in the Portuguese electric energy 

sector, that is considering a redesign of its logistics’ activities given its business geographical constraints. 

Such strategic decisions are critical for organisations due to the long-last configurations that have impact 

on all of the system entities.    

To achieve the company goal, a model was developed by merging a facility location problem and an 

inventory management system. The model aims to decrease the lead time to serve the customers and to 

increase the inventory control along the supply chain. 

The convened literature aggregated the knowledge from researches and cases which enabled the selection 

of a p-Median location problem and a Just-in-Time system to be applied in this work. In addition, a decision 

support approach and a geographic information system are applied to support the developed model.  

After implementing the model, the obtained results are a 52% lead time reduction by location ten facilities 

closer to the final customers. The inventory in each facility is triggered by a Kanban system considering a 

one-day lead time.   

Keywords: Inventory; Facility Location Problem; Inventory Management System; p-Median; Just-in-

Time; Service Level.  

 

 

1. INTRODUCTION 

Inventory is a problem of organizations and is part of 

every entity in what concerns a supply chain. In fact, 

being able to control the flow of material from suppliers 

to the final customer is one of the ultimate goals of most 

organisations (Axsäter, 2015). 

Nowadays, the concern about the inventory is more 

evident due to awareness of top management related to 

the amount of investment in inventories. In financial 

terms, inventory is considered as a fixed tangible asset. 

However, from an operations point of view, inventory 

means “stopped money” which brings extra costs such as 

space, labour and obsolescence (Muller, 2019). 

In general, the root cause for keeping inventory is to 

provide customers with a high service level. Recent 

research shows that customers are satisfied when they 

consistently receive a perfect product, through a dedicate 

delivery service which is the support of an effective and 

timely problem resolution process. Part of the logistics 

role is the inventory management and turning a product 

into value by creating a place, time and quantity utility 

since the manufacturing until the consumption point, 

following the supply chain orientation (Lambert & 

Cooper, 2000). Considering the fast-moving markets, 

competition, and customers behaviour, the companies 

challenge is to optimise their logistics network coupled 

to their supply chain management to become more 

profitable by improving their service level and reducing 

costs through the creation of innovative solutions (Imai, 

2012).  

Electric energy is a key asset and is subjected to 

regulations and obligations from several entities. 

Likewise, the supply service of electric energy is 
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provided to all citizens, a single or collective person 

considering a service level baseline for each type of 

service (ERSE, 2019). 

Between 2016 and 2018, the total consumption of electric 

energy has been stable, having just increased 3% in 

Portugal. This percentage includes the number of new 

clients and the existing customer’s increased 

consumption (Banco de Portugal, 2019). 

Company X, as part of a group which operates in the 

electric energy sector, aims to increase the control of the 

inventory management along the supply chain through 

the logistics network optimisation which leads to the 

improvement of the service level. Company X needs to 

ensure that its leading position continues by solving the 

logistics challenges using innovative ideas.   

 

2. LITERATURE REVIEW  

Logistics and the supply chain management concepts 

emerged on the military background during the American 

War of Independence when it was found out that the 

British Army failure was due to a high dependence on 

home country supplies. Recently, the logistics appeared 

for organisations as a system approach in which the right 

goods are delivered to the right customers, at the right 

place and in the most economical way. (Carvalho, 2010; 

Christopher, 2016). Being a wider concept, the supply 

chain management intends to be efficient and cost-

effective regarding the organisation activities at strategic, 

tactical and operational levels.  

Focusing on strategic decisions, the logistics network 

design includes the network design (physical 

configuration and infrastructure of the supply chain), 

inventory positioning (stocking points, selection of 

facilities profile: Make-to-stock (MTS) or Make-to-

Order (MTO) systems and inventory management 

strategies) (Simchi-Levi et al., 2008). Next, the literature 

results in four research areas: Facility Location Problems, 

Inventory Management Systems, Decision Support 

System and Geographic Information System.  

I) Facility Location Problems 

Facility location problems are strategic decisions due to 

the long-last impacts on the system’s flexibility in terms 

of tactical and operational decisions. As a field of the 

Location Science discipline, facility location problems 

identify the physical position for one or more facilities in 

order to satisfy a set of demand points. The Location 

Science research was originated in a basic geometric 

problem whose intention was to find the point in a 

Euclidean plane which minimises the sum of the 

distances to three given points (Hale & Moberg, 2003; 

Owen & Daskin, 1998). 

Currently, the literature suggests the Fundamental and 

Advance problems to address the Location Science study 

through problems based on their location space: 

continuous, network or discrete. According to Laporte et 

al., (2015), the facility location and supply chain 

management (Advanced Problem) area lie at the heart of 

the Fixed-charge (Fundamental Problem), Under 

uncertainty, Multi-period facility, Hub location problems 

and Location routing and location-arc routing. Moreover, 

the same author highlights the p-Center, p-Median, 

Covering and Anti-covering as Fundamental facility 

location problems that provide a basic background to 

location theory and Advanced problems. The focus is the 

literature related to the mentioned Fundamental 

problems. 

The p-Center problem is a network location problem and 

a minimax solution whose aim is to minimise the 

maximum distance between a demand point and the 

closest point that belongs to that set. This evidence is 

pointed out Hakimi (1965) who generalised an absolute 

centre problem approach to a p-Center problem in order 

to locate a police station or a hospital such that the 

maximum distance of the location to a set of communities 

connected by a highway system was minimised.  

Fixed-charge facility location (FLP) problem is a discrete 

central problem in the Location Science discipline. 

Considering a finite set of demand users and a finite set 

of potential locations for facilities, the FLP intends to 

define the facility location and how to satisfy the demand 

from the established facilities. Both decisions have 

assigned costs. Thus, the FLP’s goal is to balance the 

decisions with the costs to find optimal solutions.  

The Covering problems are mainly discrete location 

problems, in which a service can be only provided if a 

customer is under a certain distance to the closest facility, 

for instance, the location of emergency points to locate 

ambulances.  

The Anti-covering problem is applied to a continuous 

distribution of the demand in a planar region or a discrete 

set of facilities. It intends to locate facilities considering 

that the interaction between facilities repels each other, 

in other words, it involves maximising the number of 

selected facilities, such that no two selected facilities are 

within a specific distance or time standard.  

The p-Median is a typical discrete problem that seeks to 

locate p facilities to minimise the demand weighted 

average distance between the demand nodes and the 

nearest of the selected facilities. However, when 

considering capacities, cost structure constraints or 

economies of scale, the demand points might be assigned 

to more remote facilities. Hakimi (1965) showed that at 

least one optimal solution of the network is located only 

at the nodes. The first solution to the problem was 

introduced by Goldman (1971) who presented a linear 

time algorithm to find 1-median on a tree. Since that time, 

research about this topic has been constructed and 

improved to find solutions for the p-Median problem. 

Furthermore, heuristic algorithms were proposed as 

solutions to the p-Median problem. The Myopic or 
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greedy adding algorithm is a construction algorithm in 

which the p potential facility locations are greedy added 

to the solution until finding the one that reduces the 

demand weighted total distance. Similarly, the drop 

algorithm works as the same way as the greedy adding 

algorithm, but it starts with a facility at each potential 

location and based on the total cost, facilities are greedy 

removed from the solution until the algorithm does not 

find a facility whose removal results in a decrease of the 

total cost. Both algorithms are applied and connected to 

other heuristics or metaheuristics in several studies, for 

instance Berman et al., (2001) applied the greedy adding 

algorithm, a Tabu Search and a Simulated Annealing 

algorithm to locate a certain number of facilities to serve 

groups of demands. In the light of this, Daskin (2013) 

demonstrates the importance of the Lagrangian algorithm 

as being a useful twofold approach for the problem; and 

Abareshi & Zaferanieh (2019) prove the reduction from 

a bi-level to one-level nonlinear of the capacitated p-

Median problem by the application of the Lagrangian 

dual approach. 

II) Inventory Management Systems 

Inventory, also known as stock, is considered by the 

Kaizen methodology as a Muda of material waiting. 

Indeed, it represents a high-costly investment while no 

transformation or no value is being added to the material 

while it is standing. Inventory Management Systems are 

supported by the demand typology: Dependent and 

Independent. A dependent demand is manufacturing 

oriented which means that is related to another product, 

for instance the demand for products built up from raw 

materials or components. An independent demand is 

customer oriented; it is just affected by the market 

conditions outside the control of the organisation’s 

operations (Carvalho, 2010; Simchi-Levi et al., 2008).   

Material Requirements Planning (MRP) is an 

information system widely used to calculate the 

requirements of dependent demand’s materials. It allows 

to control the product purchase, the quantity and the 

timing of its arrival.  The main step is to gather the 

information about all the components required to 

integrate the final product, the manufacturing period and 

the level of inventory of those components (Carvalho, 

2010).  

Order Point System (OPS) is a traditional and continuous 

replenishment model. By applying the model’s algorithm 

to an information system, it automatically places an order 

when the inventory level reaches a certain point (ROP – 

Reorder Point). In fact, this model is functional and 

feasible when the replenishment lead time is short and is 

close to the stock-review period  

Just-in-Time (JIT) is one of the pillars of the Toyota 

Production System (TPS) and according to Ohno (1982), 

it is the ability to provide the right quantity in the right 

place at the right time (Matsui, 2007). In addition, JIT is 

supported by the Pull Flow thinking which means that the 

movement (Flow) of materials/goods is triggered by the 

customer’s consumption and orders. According to this 

approach, the path to create a Pull Flow system is through 

the removal of the non-added value activities, also known 

as Muda from the supply chain, such as materials and 

information activities (Józefowska, 2007; KICG, 2019c).  

The Kanban system is a tool which derivates from the 

Toyota Production System (TPS) whose job is to control 

the production, supplying and level of stock to raw 

material, parts and finished goods. Kanban is a physical 

or electronic card in which there is detailed information 

regarding the material type, customer, supplier and order 

quantity. A set of cards create a Kanban system 

(Coimbra, 2013; Kumar & Panneerselvam, 2007; KICG, 

2019c). 

In several research studies, the Vender-managed 

inventory (VMI) is called as Vender-managed 

replenishment (VMR), though the concept is the same. 

VMI is a type of Retailer-Supplier relationship in which 

the supplier/retailer is responsible for deciding the 

inventory level and the inventory policy for the customer 

based on an established agreement. The main VMI’s goal 

is to dissolve the retailer power and ability to request 

specific orders. By doing that, the Bullwhip Effect is 

softened over the supply chain (Govindan, 2013; Ma et 

al., 2013; Simchi-Levi et al., 2008). 

III) Decision Support System  

A decision making is a process that is unconsciously 

active in all citizens. Considering complex contexts, 

there is no common understanding of the cause-effect 

relationships which leads to multiple right solutions. In 

this situation, it is required expertise by decision making 

whose job is to sense, analyse and respond (Snowden & 

Boone, 2007).  

In the line of a decision making in complex context, a 

decision support system is created to assist the decision 

maker in developing and choosing a course of action in 

an organisation or business, given all the uncertainties 

surrounding the choice. The choice is performed based 

on criteria which is defined as a principle or a rule to test 

evaluate or test something. Bana e Costa et al., (2016) 

introduce the M-MACBETH (Measuring Attractiveness 

by a Category-Based Evaluation Technique) as a 

software tool to decision support approach in 

multicriteria. This tool is divided in four stages: analysis 

of the decision context and design the intervention 

process, structure the process, build the evaluation 

model, and sensitivity and robustness analysis to 

elaborate recommendations. The output of a multicriteria 

evaluation model is the raking of a set of available 

options according to the decision maker expectations 

Bana e Costa et al., (2018).      
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IV) Geographic Information System  

Behind the Geographic Information System (GIS), there 

is the concept of georeferencing that means geographic 

information, in a word, information is associated to a 

position. Therefore, the term Geographic Information 

System (GIS) is referred to an information system 

connected to a geographic model that contains 

georeferencing (Matos, 2001). 

The georeferencing or geographic information is based 

on allocating coordinates to physical points. In a way, 

there are three categories of coordinate systems used in 

georeferencing: rectangular geodesic, ellipsoidal 

geodesic and cartographic. The rectangular geodesic 

consists in an axis system whose origin is near the Earth’s 

centre of mass with three coordinates (Z, Y, Z). Through 

the support of an ellipsoidal surface located in function 

of a rectangular geodesic coordinate system, an 

ellipsoidal geodesic system is originated with three 

ellipsoidal coordinates: latitude, longitude and altitude. 

After all, the ellipsoidal coordinates are transformed into 

map coordinates by using a cartography projection 

system. Moreover, to standardise the coordinates 

systems, it is used an ellipsoidal as a surface reference by 

defining its dimension, shape and position, known as 

Datum. Each Datum is associated to one coordinate 

system. The global Datum WGS84 (World Geodetic 

System 1884) is defined as function of the three-

dimensional Cartesian system to guarantee a global 

adjustment (Matos, 2001).  

Today, GIS programs and software and perform 

automatically the coordinate transformation for the 

desired coordinate system. The coordinates might be 

expressed in decimal degrees (DD) or degrees, minutes 

and seconds (DMS). In the DD, the latitude and longitude 

geographic coordinates are expressed as decimal 

fractions whereas in the DMS are expressed as bounded 

values by ±90° and ±180° respectively (Liu et al., 2017; 

Matos, 2001). 

Under the light of the literature, the scope of this work 

and supported by a comparative analysis of the models 

based on their objectives and the type of data available 

during the implementation phase, the p-Median problem 

is highlighted as being the most suitable to be used during 

the development of this work. The Just-in-Time, Kanban 

and safety stock combination is implemented in this 

work. In addition, specific approaches related to the 

development of this work are explained under the light of 

the literature, such as the decision support system and 

geographic information system. 

 

3. CASE STUDY  

Company X belongs to a group that was founded in 

Portugal in 1976 due to the merging of 13 Portuguese 

firms operating in the electric energy sector. In 2000, the 

group was 70% prioritised and Company X started its 

activity. Currently, counting forty-two years of history, 

the group is strongly internationally consolidated, being 

present in 16 countries and 4 continents with 12 thousand 

employees. It is a vertically integrated multinational 

utility which includes the entire electricity value chain: 

Production, Transport, Distribution and 

Commercialisation; and the gas commercialisation 

activity as well. Operating in Portugal since 2000, the 

Company X performs its activity in the Distribution area 

whose role is to provide a service, guarantee the electric 

energy reaches the final customer through the electric 

distribution network and to ensure the equipment’s 

measurement and maintenance. The electric distribution 

network incorporates lines and cables of high, medium 

and low voltage; substations, transformation substations 

and public illumination facilities. The customers of this 

company are the inhabitant dwellings in Portugal 

mainland. 

Company X has been enhancing and upgrading the 

electric distribution network to a quick response to 

customers’ request based on high-quality standards and 

low network losses. Thereby, in its activity, there are 

problems/services whose source might be originated in 

the supply point, in the network or in the consumption 

points.  

Every time a problem occurs, a new order is originated 

which contains the typology of the problem to solve or 

the service to be executed at a certain location through 

the application of several materials stored in warehouses 

and vehicles. To manage and allocate the orders in 

Portugal mainland, Company X is divided into six areas: 

Norte, Porto, Mondego, Tejo, Lisboa and Sul. Then, the 

service is performed by External Service Providers 

(PSE), outsourced services that derivates from a long-

term commitment between these two entities. Currently, 

materials are stored in two Company X warehouses 

located in Sacavém and Lousã (orange points in Figure 

1) and then are shipped for the remaining fourteen 

operational warehouses owned by PSE.  

Due to the complexity and dimension of Company X, this 

work is focused only in Tejo area. In the next Figure 1 

the grey area represents Tejo area which includes Leiria, 

Santarém and Portalegre sub-regional areas, each one 

with a current established warehouse (black points), 

owned by PSE.  

 

 

 

 

 

 

 

 

Figure 1 - Current warehouses’ distribution of Company X 

and PSE in Tejo area. 
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As an illustrative case of Company X, this work aims to 

decrease the inventory level along the supply chain and 

build a Lean supply chain system based on the Muda 

elimination, specifically the elimination of the material 

waiting and transportation of material/people. Currently, 

in the two material logistics flows: from the PSE 

warehouses to inhabitant dwellings (inbound) and from 

Company X’s warehouse to PSE warehouses (outbound), 

the average daily distance (in kms) and travel time (in 

minutes) is depicted in the following tables. Table 1 

presents the daily inbound average distance, travel time 

and number of teams.  

 

Regarding the inventory, there is no current tracking of 

the material in each PSE warehouse or even inside their 

vehicles. Next, Table shows the outbound average 

distance and the travel time. Each PSE warehouses is 

supplied two times a week.  

 

 
AVERAGE 

DISTANCE (2 WAYS) 

[Km] 

TRAVEL TIME (2 

WAYS) [min] 

ALCOBAÇA 232 150 

SANTARÉM 143 90 

PORTALEGRE 438 250 

Table 2 - Distance and travel time's current outbound 

analysis. 

To achieve Company X aim, the concept of Local 

Collection Points is applied. A Local Collection Point is  

dynamic unit closer to the final customer used as a 

support to hold finished goods during a short period of 

time which intends to replace the PSE classic 

warehouses.  

This concept is applied because the distances and the 

travel times between the warehouses and the customer 

are critical. In fact, lower the distance, lower the time 

spent driving to the consumption point, higher the 

number of orders executed per day, and consequently the 

profit. Considering that the consumption points addresses 

are valid, the customer at the consumption point is 

notified for the order, the material and the equipment are 

available, through the distance minimisation, the number 

of orders which can be executed per day will depend on 

the operating time-window and the vehicle’s velocity. 

 

 

In conclusion, this work is centred in four main goals: 

I. Determination of the Local Collection Points’ 

number and location: Application of a facility 

location problem to the warehouses owned by the 

PSEs in one area (three warehouses currently 

operational); 

II. Determination of the central warehouse location of 

Company X (two warehouses currently 

operational); 

III. Formulation of the inventory management system 

in one Local Collection Point: Based on the 

previous two main goals, definition of an inventory 

management system to be integrated into the supply 

chain of one PSE’s Local Collection Point.   

IV. Categorization of the materials in the vehicles: 

After the PSEs’ Local Collection Points, the service 

is performed by their vehicles. Thus, the last goal is 

to define the fundamental materials and quantities 

which must be available in vehicles to guarantee the 

execution of the most common orders typologies. 

 

4. DEVELOPMENT AND IMPLEMENTATION  

In order to implement and fulfil the four previously 

mentioned goals, a model is created based on three 

development stages related to the goals of this work. 

Despite the importance of each goal, the first goal, 

determining the number and location of the Local 

Collection Points is the model core objective. The Figure 

2 bellow presents the framework of the developed model 

including the variables to be considered in the scenario 

analysis which is a crucial step for the final decision. 

Those variables are the distance (outbound and inbound), 

lead time and the Local Collection Point dimension. 

Stage 1 and Stage 2 entail a Mixed Integer Programming 

(MIP) model to address the facility location problem. The 

purpose is to find p Local Collection Points whose cost 

is minimised by the distance to the Company X’s 

warehouse (outbound), the distance to the consumption 

points (inbound), the lead time to receive the material 

from Company X’s warehouse and the Local Collection 

Point dimension that is a direct consequence of the lead 

time considered (higher the lead time, higher the Local 

Collection Point dimension, higher the safety stock, 

higher the inventory costs).    

Aiming to simplify the implementation model, several 

assumptions were considered such as 1) Just apply to 

Tejo area; 2) Just one operational Company X warehouse 

(second goal), decision-maker intention; 3) Maximum 

allowable distance from the Local Collection Points to 

the consumption points is 50km (decision-maker 

intention); 4) Failures (order typology) is included in the 

model as a weight (M-MACBETH system 

implementation); and 5) Service level desire is 99%.  

 

 

DAILY 

AVERAGE 

DISTANCE 

(2 WAYS) 

[Km] 

DAILY 

TRAVEL 

TIME (2 

WAYS) [min] 

NUMBER 

OF TEAMS 

ALCOBAÇA 109 82 33 

SANTARÉM 98 72 19 

PORTALEGRE 83 70 19 

Table 1 - Distance, travel time and stock's current inbound 

analysis. 
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I) Stage 1 

The data entry of Stage 1 includes the set of areas, the 

percentage workload of Company X six areas and the 6x6 

distance matrix of the current offices’ location in each 

area.  The following mathematical formulation depicts 

this stage and it is represented by sets, parameters, 

decision variables, objective function and constraints. 

 

Sets 

𝑖 ∈ 𝐼: 𝑠𝑒𝑡 𝑜𝑓 𝑐𝑜𝑛𝑠𝑢𝑚𝑝𝑡𝑖𝑜𝑛 𝑝𝑜𝑖𝑛𝑡𝑠 

𝑗 ∈ 𝐽: 𝑠𝑒𝑡 𝑜𝑓 𝐿𝑜𝑐𝑎𝑙 𝐶𝑜𝑙𝑙𝑒𝑐𝑡𝑖𝑜𝑛 𝑃𝑜𝑖𝑛𝑡𝑠 

Parameters 

𝑑𝑖𝑗 = 𝑑𝑖𝑠𝑡𝑎𝑛𝑐𝑒 𝑡𝑜 𝑠𝑒𝑟𝑣𝑒 𝑡ℎ𝑒 𝑐𝑜𝑛𝑠𝑢𝑚𝑝𝑡𝑖𝑜𝑛 𝑝𝑜𝑖𝑛𝑡 𝑖 𝑓𝑟𝑜𝑚  

𝐿𝑜𝑐𝑎𝑙 𝐶𝑜𝑙𝑙𝑒𝑐𝑡𝑖𝑜𝑛 𝑃𝑜𝑖𝑛𝑡 𝑗 

𝑝 = 𝑛𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝐿𝑜𝑐𝑎𝑙 𝐶𝑜𝑙𝑙𝑒𝑐𝑡𝑖𝑜𝑛 𝑃𝑜𝑖𝑛𝑡𝑠 𝑡𝑜 𝑙𝑜𝑐𝑎𝑡𝑒 

Decision Variables 

𝑌𝑗 = 1 𝑖𝑓 𝑎 𝐿𝑜𝑐𝑎𝑙 𝐶𝑜𝑙𝑙𝑒𝑐𝑡𝑖𝑜𝑛 𝑃𝑜𝑖𝑛𝑡 𝑖𝑠 𝑙𝑜𝑐𝑎𝑡𝑒𝑑 𝑖𝑛 𝑗,  

0 𝑜𝑡ℎ𝑒𝑟𝑤𝑖𝑠𝑒. 
𝑋𝑖𝑗 = 1 𝑖𝑓 𝑡ℎ𝑒 𝑐𝑜𝑛𝑠𝑢𝑚𝑝𝑡𝑖𝑜𝑛 𝑝𝑜𝑖𝑛𝑡 𝑖 𝑖𝑠 𝑠𝑒𝑟𝑣𝑒𝑑 𝑏𝑦 𝑡ℎ𝑒  

𝐿𝑜𝑐𝑎𝑙 𝐶𝑜𝑙𝑙𝑒𝑐𝑡𝑖𝑜𝑛 𝑃𝑜𝑖𝑛𝑡 𝑗, 0 𝑜𝑡ℎ𝑒𝑟𝑤𝑖𝑠𝑒. 

Objective Function 

𝑀𝑖𝑛 ∑ ∑ 𝑑𝑖𝑗𝑋𝑖𝑗

𝑗∈𝐽𝑖∈𝐼

 

Constraints 

𝑠. 𝑡. 

∑ 𝑋𝑖𝑗 = 1, ∀ 𝑖 ∈ 𝐼

𝑗∈𝐽

 

𝐸𝑎𝑐ℎ 𝑐𝑜𝑛𝑠𝑢𝑚𝑝𝑡𝑖𝑜𝑛 𝑝𝑜𝑖𝑛𝑡 𝑚𝑢𝑠𝑡 𝑏𝑒 𝑠𝑒𝑟𝑣𝑒𝑑 𝑜𝑛𝑙𝑦 𝑏𝑦 𝑜𝑛𝑒 𝐿𝑜𝑐𝑎𝑙 
𝐶𝑜𝑙𝑙𝑒𝑐𝑡𝑖𝑜𝑛 𝑃𝑜𝑖𝑛𝑡. 

 

 

 
 

 

 

 
 

 

 

 
 

 

 

 
 

 

 

 
 

 

 

 
 

 

∑ 𝑌𝑗 = 𝑝 

𝑗∈𝐽

 

𝑇ℎ𝑒 𝑛𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝐿𝑜𝑐𝑎𝑙 𝐶𝑜𝑙𝑙𝑒𝑐𝑡𝑖𝑜𝑛 𝑃𝑜𝑖𝑛𝑡𝑠 𝑙𝑜𝑐𝑎𝑡𝑒𝑑 𝑚𝑢𝑠𝑡 𝑏𝑒 𝑒𝑞𝑢𝑎𝑙  
𝑡𝑜 𝑡ℎ𝑒 𝑛𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝐿𝑜𝑐𝑎𝑙 𝐶𝑜𝑙𝑙𝑒𝑐𝑡𝑖𝑜𝑛 𝑃𝑜𝑖𝑛𝑡𝑠 𝑡𝑜 𝑙𝑜𝑐𝑎𝑡𝑒.  

𝑋𝑖𝑗 ≤  𝑌𝑗, ∀ 𝑖 ∈ 𝐼, 𝑗 ∈ 𝐽 

𝐸𝑎𝑐ℎ 𝑐𝑜𝑛𝑠𝑢𝑚𝑝𝑡𝑖𝑜𝑛 𝑝𝑜𝑖𝑛𝑡 𝑚𝑢𝑠𝑡 𝑏𝑒 𝑠𝑒𝑟𝑣𝑒𝑑 𝑜𝑛𝑙𝑦 𝑡𝑜 𝑎 𝐿𝑜𝑐𝑎𝑙  
𝐶𝑜𝑙𝑙𝑒𝑐𝑡𝑖𝑜𝑛 𝑃𝑜𝑖𝑛𝑡. 

𝑋𝑖𝑗 ∈  𝑁0, ∀ 𝑖 ∈ 𝐼, 𝑗 ∈ 𝐽 

𝑉𝑎𝑟𝑖𝑎𝑏𝑙𝑒 𝑋𝑖𝑗 𝑎𝑟𝑒 𝑛𝑜𝑛 − 𝑛𝑒𝑔𝑎𝑡𝑖𝑣𝑒. 

𝑋𝑖𝑗, 𝑌𝑗  ∈ {0,1}, ∀𝑖 ∈ 𝐼, 𝑗 ∈ 𝐽 

𝑉𝑎𝑟𝑖𝑎𝑏𝑙𝑒𝑠 𝑋𝑖𝑗 𝑎𝑛𝑑 𝑌𝑗 𝑎𝑟𝑒 𝑏𝑖𝑛𝑎𝑟𝑦. 

 

II) Stage 2 

The data entry of Stage 2 contains the set of the 52 

municipalities, the percentage workload of orders 

(excluding failures) in all municipalities, the percentage 

of failures in all municipalities and the 52x52 distance 

matrix based on the weighted centroid of the total 

resident individuals (Census, 2011). In the previous 

mathematical formulation, there were added constraints 

related to assumption 3) and 4). The matrix includes the 

distances between the weighted geographic coordinates 

of each municipality according to the number of 

inhabitant dwellings which results of a census-based 

study. To compute this matrix, a Google Distance Matrix 

API, a Python® programming function and the QGIS® 

software were used. The computational implementation 

to solve the two facility location problems of Stage 1 and 

Stage 2 was performed by the GAMS® (General 

Algebraic Modelling System) software through the 

CPLEX solver optimiser. 

Figure 2 - Developed model design. 

(1) 

(2) 

(3) 

(4) 

(5) 

(6) 
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III) Stage 3 

The implementation of this stage includes three steps: 

1) Define the safety stock to each material code (based 

on a desired service level of 99%, historical demand 

and lead time); 

2) Design a Kanban System; 

3) Design and dimension of a Local Collection Point. 

Regarding the first step, the standard deviation is based 

on the material’s daily consumption during a month. 

Both calculations were formulated in Excel software 

through the following equations (12) and (13). The safety 

factor result is 2.326 [z (99%) = 2.326].  

 
𝑁𝑂𝑅𝑀𝑆𝐼𝑁𝑉 (99%) 

𝑆𝑇𝐷𝐸𝑉. 𝑃 [(𝐷𝑎𝑖𝑙𝑦 𝑐𝑜𝑛𝑠𝑢𝑚𝑝𝑡𝑖𝑜𝑛)] 
 

As a result of the lead time variable, safety stock quantity 

is only determined after determining the number of days 

to deliver materials to Local Collection Points. The safety 

stock calculations were performed in Excel software 

thus, let consider the next example, in Table 2 for one 

material code and a lead time of one day: 

 

MATERIAL 

CODE 

UNITARY 

COST (€) 

STANDARD 

DEVIATION 

SAFETY 

STOCK 

(UNITS) 

INVENTORY 

HOLDING 

COST (€) 

9060635 408.00 0.78203 2 816.00 

Table 3 - Safety stock and inventory holding cost calculations. 

In the second step, the procedure behind the Kanban 

system (Figure 3) follows the next main points: 

- Standardise the materials by each order typology; 

- Allocate each order to a PSE team (already mentioned 

as a relevant topic to study in a future work, but the 

optimisation of this allocation is not included in the 

scope of this work); 

- Standardise the team’s allocation to each Local 

Collection Point (only feasible to perform after 

determining the number of Local Collection Points to 

locate). 

A Local Collection Point is a facility able to work 

autonomously. For this reason, there is no need to have 

people or stackers working there to move materials. 

Therefore, the materials have to be available in shelves 

accessible to be inserted/ picked by these workers. A 

warehouse shelving provides a flexible and cost-effective 

solution to meet the needs in an available space by 

following the standard ergonomic rules. Coupled to this 

and the materials dimension in Table 3 there are were 

defined two levels of shelves: Level 0 and Level 1. The 

role of Level 0 is to hold large materials (considering the 

height), while Level 1 holds small and lightweight 

materials. As a result, shelf in Level 0 whose maximum 

range is 1 meter is located on the floor, whereas the shelf 

in Level 1 is located 1 meter from the floor and its 

maximum range is 0.5 meters.  

As a 3D demonstration of a Local Collection Point 

structure, Figure 4 depicts this facility draft considering 

both levels and the plan view from the top. 

 

5. RESULTS 

The model results include each stage results, how they 

evolved and how they are compared to the initial state. 

Finally, having conducted the results analysis according 

to several scenarios, the model overall results are 

presented and a solution for the problem of this work is 

recommended.  

I. Stage 1 

The software output was to locate Company X warehouse 

in Leiria. However, the p-Median solution might not be 

the best for the problem. Therefore, let consider the 

following location options: (1) the current two Company 

X warehouses; (2) Leiria (p-Median solution); and (3) 

Sacavém (the closest current established warehouse to 

the solution). When considering only the distance, the 

best solution is Leiria. Locating a new warehouse in 

Leiria represents a one-way distance decrease in 286km 

(572 two-way average distance) when compared to 

Sacavém location. Sacavém warehouse is located in an 

industrial area whose extension is feasible. Considering 

that the required dimension to hold material for the six 

areas is the sum of the two current established 

warehouses (1700m2 and 5100m2) the extension 

dimension is 1700 m2. Locating a warehouse in Leiria 

represents investing 2.4 times more than expanding the 

Sacavém warehouse as presented in Table 4. 

MUNICIPALITY 

PRICE 

PER m² 

[€] 

DIMENSION 

TO BUILT [m²] 

BUILDING 

COST [€] 

Sacavém  1292 1700 2,196,400.00€ 

Leiria 773 6800 5,256,400.00€ 

Table 4 - Building cost, in €, for Sacavém and Leiria location 

options. 

Figure 4 - Kanban system design for low voltage network. 

Figure 3 - Local Collection Point draft: 3D and plan view 

from the top. 
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II. Stage 2 

The GAMS model results in this stage are addressed by 

applying the greedy adding approach which consists in 

adding the p potential Local Collection Points until 

finding the one that reduces the overall costs (Berman et 

al., 2001). However, before starting the greedy adding 

approach, the stopping criteria is defined. Given that, a 

Local Collection Point is considered as a potential 

solution when at least two consumption points are itself 

allocated. The GAMS output details when setting p 

facilities to locate between 1 and 6, the model has no 

solution and when setting p to twelve facilities, there is 

one Local Collection Point (p33) which serves only a 

consumption point (stopping criteria achieved). Then, the 

best model solution is between locating seven to eleven 

Local Collection Points.  

This stage results includes a three-scenario approach: 1) 

Overall costs and lead time; 2) Travel time; and 3) 

Geographical spread.   

Despite the model solution for locating one Local 

Collection Point is not feasible due to the distance 

constraints, the model was run by setting p equal to one 

and without considering any constraints. The obtained 

result is used as a reference in the scenario approach to 

compare to the remaining location options. Thereby, 

locating a Local Collection Point in Entroncamento is the 

model solution considering no distance constraints.  

 

1) Overall Costs - total costs considered in this 

work to install a Local Collection Point and the travel 

costs to its supplying and material picking. Indeed, the 

overall costs include four costs components: Inventory 

costs (denote the monthly costs by holding safety stock 

in all Local Collection Points); Initial investment 

(installation cost a Local Collection Point considering the 

price per m2 in the different municipalities and facility 

dimension); Inbound costs (monthly costs from the 

potential Local Collection Points to the final customers) 

and Outbound costs (monthly costs from Sacavém (Stage 

1 output) to the potential Local Collection Points). Each 

location option overall cost is depicted in Table 5. 

 

 

 

 

 

 

 

 

 

 

 

 

2) Travel time – time spent by PSE teams to pick 

materials from facilities to execute the orders, 

highlighted as the main problem that conducted to the 

developed of this work. The results present that a two-

way average distance range is from 46km to 60km and 

the travel time difference varies from 37 minutes to 57 

minutes. On balance, within the location options, the 

p=10 is pointed out as the location option whose savings 

results regarding distances and travel times are higher 

than the remaining location options. This solution 

represents a 52% distance decrease when compared to the 

current situation in section 4.1. (from 96.7km to 46.4km). 

Positive values mean profit whereas the negative values 

refer to a money loss. The distance and travel time 

savings in percentage when compared to the current 

situation of Company X are presented in Table 6.    

p LOCATION 

OPTIONS 
p = 1 p = 7 p = 8 p = 9 p = 10 p = 11 

DISTANCE 
SAVINGS [%] 

-53.9% 38.1% 45.0% 46.4% 52.0% 49.5% 

TRAVEL 

TIME 
SAVINGS [%] 

-42.0% 23.1% 45.4% 46.8% 52.6% 49.5% 

Table 6 - Savings percentage of distance and travel time. 

3) Geographical Spread - relates the population of 

a certain area with its geographical area. Considering the 

data already provided in this work, the population is the 

total resident individuals and the geographical area is the 

52 municipalities area (INE, 2019; PORDATA, 2019). 

The geographical spread aggregation according to the 

reference location (p=1) and to the location options (p=7 

to p=11) is performed in Table 7. 

 
LOCATION 

OPTIONS 
p=1 p=7 p=8 p=9 p=10 p=11 

GEOPGRAHI

CAL SPREAD 

AVERAGE 

[%] 

26.62

9% 

1.677

% 

1.608

% 

1.595

% 

4.039

% 

3.744

% 

Table 7 - Geographical spread average percentage to each 

location option. 

In fact, the best obtained solution is to locate one Local 

Collection Point (p=1). In this municipality 

 OVERALL COSTS [€] 

LEAD 

TIME 

[DAYS] 

p = 1 p = 7 p = 8 p = 9 p = 10 p = 11 

1 241,725.88€ 230,589.43€ 229,753.13€ 232,927.10€ 226,935.18€ 229,815.31€ 

2 335,549.64€ 325,630.98€ 323,009.80€ 325,245.77€ 319,158.79€ 326,361.87€ 

3 406,591.91€ 395,980.64€ 395,700.03€ 397,868.65€ 391,642.37€ 398,212.89€ 

4 466,267.06€ 455,967.39€ 453,493.17€ 458,924.88€ 447,653.41€ 457,448.56€ 

5 523,927.15€ 515,087.28€ 510,806.25€ 520,326.50€ 503,978.94€ 518,068.90€ 

6 578,574.02€ 571,121.95€ 564,645.11€ 572,472.92€ 556,040.25€ 573,352.02€ 

7 629,538.29€ 623,044.22€ 614,758.38€ 626,681.19€ 605,170.52€ 626,774.29€ 

22 1,214,232.85€ 1,212,850.17€ 1,195,291.91€ 1,224,058.35€ 1,176,264.40€ 1,216,563.61€ 

TOTAL 4,396,406.81€ 4,330,272.06€ 4,287,457.79€ 4,358,505.36€ 4,226,843.85€ 4,346,597.45€ 

Table 5 - Overall costs according to each location option by increasing the lead time. 



9 

 

(Entroncamento), the geographical spread is around 27% 

which means that population is high concentrated 

considering the municipality area. However, this location 

option is pointed out as the worst-case in the remaining 

scenario approaches. Despite presenting a considerable 

difference to the best option (p=1), p=10 is highlighted 

as the second best obtained solution. The geographical 

spread average in the 10 municipalities represent an 

average of around 4%. In short, p=10 is still a potential 

solution option for this work model.    

In summary, the scenario analysis to Stage 2 is concluded 

and a solution (p=10) is recommended to the model.  

 

III) Stage 3 

The results of this stage are the Kanban system design 

and the materials that must be available in PSE’s 

vehicles. The Kanban system implementation provides 

the material list considering a two-day lead time as an 

example for the Kanban design. The vehicle materials are 

defined based on the most common orders executed 

(average consumption). Figure 5 bellow illustrates the 

top 10 materials consumption and respectively unitary 

costs.  

By analysing these materials, the first four materials are 

the required to perform Campaign orders (most common 

order). According to the previous safety stock 

calculations, the material quantities for these four 

materials are equal to the safety stock when the lead time 

is one day (Table 8). 

 

 

 

 

 

 

 

6. CONCLUSION 

To sum up, the stages results were analysed and a three-

scenario approach was conducted for the most critical 

model component (Stage 2). Firstly, regarding Stage 1 or 

goal II., locating the central Company X warehouse in 

Sacavém is the best obtained solution. For this solution, 

a warehouse extension is required to serve the six areas 

of Company X. Secondly, considering Stage 2 or goal I., 

locating ten Local Collection Points in Tejo area is the 

best obtained solution. The ten selected municipalities 

are Campo Maior, Castelo de Vide, Fronteira, Abrantes, 

Alpiarça, Entroncamento, Salvaterra de Magos, Caldas 

da Rainha, Figueiró dos Vinhos and Leiria. By locating 

these ten facilities, the average distance between each 

Local Collection Point and the consumption points is 

46.4km in 35 minutes (52% distance and 52.6% travel 

time reduction from the current situation). Coupled to 

this, Figure 6 depicts the geographical location of the 10 

Local Collection Points as well as the consumption points 

served by each local Collection Point. The colour scale 

applied in this Figure is related to the studied 

geographical spread.  Thirdly, Stage 3 or goals III. and 

IV., the result is a Kanban system considering a one-day 

lead time to low and medium voltage network orders 

materials. This system returns the material list by 

inserting the orders to be executed in the following day 

following day, as well as the total safety stock (in units) 

considering a one-day lead time for one Local Collection 

Point is 27 material units. The vehicles safety stock list 

includes four references.  

This work has not addressed all the areas of the company, 

therefore has not considered the real environment of 

Company X. In order to be fully applied and proved its 

feasibility demonstration, it has to be extended to the 

remaining five areas of the company. Moreover, this 

work was developed under several assumptions for 

instance, imposed assumptions by the decision maker and 

data availability restrictions. Despite not being validated, 

the four initial goals were accomplished in this work.  

Finally, as future work, there are several proposals. 

Firstly, the extension of this work to the remaining five 

areas of Company X. Secondly, routes’ optimisation 

from the Local Collection Points to the consumption 

points. This topic would be a challenging work due to the 

daily variety of the consumption points for each 

operating team. Thirdly, the transportation scheduling 

through milk runs and the fleet dimension of Company X 

warehouse. Fourthly, the number of employees, the 

allocation and planning orders to PSE teams. Last, the 

creation of Cross-Docking hubs as an intermediate 

storage point between Company X and the Local 

Collection Points. 

 

 

 

 

MATERIAL 

CODE 

QUANTITY 

[UNITS] 

99146449 10 

99145919 10 

99146448 13 

99145918 13 

Table 8 - Material list and quantities per vehicle. 
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