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Abstract 

Supply chain optimization has a big influence in a company’s ability to compete in a global market. In 

this context, an olive oil producer company intends to analyse its supply chain’s resources efficiency. In 

a further analysis, the company wants to know the optimal location for its production facility that 

minimizes the total transportation costs, in order to find possible solutions for an eventual relocation. 

Given that the solution space of the problem identified is continuous, a decision model based on the 

center of gravity method was proposed. The model was used with a variety of inputs related with the 

company’s supply chain. Scenarios with different demand levels, suppliers’ locations and transport costs 

were considered. Through the analysis of these scenarios, it was concluded that the actual plant 

location, in the current market conditions, is optimized. However, considering allocation scenarios for 

two plants, it was possible to conclude that the location of a new plant can result in a potential reduction 

of total transportation costs. 

Finally, the company validated the decision model. Given the presented results, Oliva will need to study 

the feasibility of opening a new facility, considering other costs and variables. 
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1. Introduction 

In the last two decades, the olive oil industry has grown considerably, which was mainly caused by an 

increased awareness of the olive oil benefits to the human health. Because of its exceptional conditions 

to produce olive oil, Portugal played an important role in the growth of this industry. Since the olive oil 

production its only possible in the Mediterranean geographic area, the Portuguese olive oil companies 

have an opportunity to remain growing their businesses in the foreign markets. Contrasting with the 

rising of the global demand, a demand increasing in the Portuguese market isn’t predictable, which 

amplifies the importance of this expanding strategy.  

Oliva (a fictitious name as a request for confidentiality) is one of the companies focusing in an expansion 

outside of the national market. This company has only one manufactory facility, located in the central 

region of Portugal, from where it serves more than 40 markets. Although this company also extracts the 

olive oil in its olive grove, for this study, it was considered that its business model comprises only the 
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acquisition of olive oil lots from different suppliers and their combination in a process called blending. 

So, the only manufacturing processes in the production plant are: selection and classification; blending; 

and packaging, as it can be observed in the figure 1. These are the only processes executed by Oliva, 

which contracts other companies, specialized in logistics management, to carry out the distribution 

process. 

 
Figure 1 - Operations in Oliva's supply chain 

 
As it can be observed in the last figure, this plant receives two types of raw materials, olive oil and 

packaging materials, and dispatches the products for all markets. The oil arrives in tanks and the 

packaging materials in trucks, separated by type of material, currently by land transportation. The 

products are shipped to the European markets also by land transportation, in trucks that carry out a 

maximum of 30 pallets. For the remaining markets, the products are shipped in a multimodal 

transportation (land and sea) by containers, which can carry up to 20 pallets. 

Oliva is predicting a demand increasing in its markets outside Europe. Therefore, this company wants 

to achieve a better resource efficiency in responding to the rising of raw materials and products flux 

within its supply chain. In order to be able to achieve their goals, the company needs to find the location 

for its plant that minimizes the total transportation costs. Consequently, Oliva needs a decision model 

which enables the analysis of the best location, taking into account different scenarios. 

Thus, this study addresses the development of a location model to support network design decisions of 

the company Oliva. After the presented summary of the problem identification, relevant published 

literature is reviewed in the following section. In section 3 the model development is exposed and the 

fourth section shows the scenarios analysed and its results, from where the conclusions are showed in 

the last section. 
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2. Literature review 

2.1.  Logistics and supply chain management 

Beamon (1998) defines a supply chain as an integrated process composed by a group of entities, where 

the raw materials are acquired, converted into products and then delivered to the customer. According 

to Rushton et al. (2014), logistics management is responsible for the processes of planning, 

implementation and control of the flow and storage of goods in the supply chain in order to meet 

customer requirements. 

A competitive environment and the constant need to reduce operational costs encourage companies to 

continuously improve and develop their logistics processes and operations. However, these have to be 

flexible and have to change according to the various constraints and demands imposed upon it (Slats 

et al., 1995). 

In order to accomplish an efficient and effective supply chain, companies must consider their network 

design, which comprises, essentially, the decisions related to the number and location of the supply 

chain infrastructures. Finding an optimal location is a major strategic objective for companies, as it could 

control transportation cost and secure a competitive advantage. Choosing a new site requires high 

investment and it cannot be altered in the short term. Therefore, due to the importance of selecting the 

right location, the decision is usually divided in several phases (Chopra & Meindl, 2001). The decision 

process’ purpose is to guide managers to their final choice, starting from a macroscopic analysis of their 

problem that leads to a more detailed examination. 

 

2.2.  Facility location problems 

Location problems have a fundamental strategic role on the configuration of a company’s supply chain. 

They are also crucial for finding the optimal location of a set of facilities that minimize the cost of 

satisfying their markets (Hale & Moberg, 2003). 

According to Klose & Drexl (2005), facility location models 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. 

Continuous location problems are characterized by theirs possibility to locate facilities on every point in 

the plane. One of the most relevant problems of this type is the Weber problem, reviewed by 

Wesolowsky (1993), which has the purpose of determining the coordinates of a single facility such that 

the sum of the weighted distances to given demand points is minimized. 

Based on the Weber problem and usually applied in the private sector, the center of gravity method 

seeks to find the location for a facility that minimizes the total transportation costs. In particular, its 

objective is to minimize the sum of the volume 𝑣𝑖 at a point multiplied by the transportation rate 𝑟𝑖 to ship 

to the point multiplied by the distance 𝑑𝑖 to the point. 
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The optimization problem can be formulated by 

 𝑀𝑖𝑛 𝑇𝐶 = ∑ 𝑣𝑖𝑟𝑖𝑑𝑖

𝑖∈𝐼

 (1) 

Considering (𝑥,𝑦) as the coordinates of the facility to locate and (𝑥𝑖,𝑦𝑖) the coordinates of a certain point 

𝑖, the distance di can be estimated by 

 𝑑𝑖 = √(𝑥𝑖 − 𝑥)2 + (𝑦𝑖 − 𝑦)2 (2) 

 

This type of location problems don’t have all the features desired to solve a particular problem, so it 

doesn’t lead directly to a final decision (Ballou, 2004). Price & Turcotte (1986) used a center of gravity 

model to locate a blood donor clinic in Quebec. The model was used with a variety of inputs to identify 

a number of different locations from which a final choice was made. Thereby, it’s possible to say that 

the solution found by continuous problems is meaningful to an initial phase of the location decisions. 

For discrete location problems, also called network problems, a finite set of potential locations is 

previously defined. Since this type of problems showed a high complexity to solve, several heuristics 

were developed to approximate a solution. Due to the fact that the solution is restricted to a finite set, 

these problems can be modelled using linear programming (Klose & Drexl, 2005).  

The network location model equivalent to the continuous multi-facility Weber problem is called p-median 

problem. In this problem, 𝑝 facilities have to be located on a network such that the sum of distances 

between the nodes of the network and the nearest facility is minimized (Kariv & Hakimi, 1979). This 

problem also has a great potential to solve problems in the private sector, as shown by Wouda et al. 

(2002). Other commonly utilized discrete problem is the p-center. This problem intends to locate 𝑝 

facilities such that the maximum distance to any point in the network is minimized (Klose & Drexl, 2005). 

This problem was extensively used in the public sector, where accessibility is an important factor, as 

shown in the case study presented by Adenso-Díaz & Rodríguez (1997), which intended to locate 

several ambulance bases. 

According to Ballou (2004), discrete models are the most realistic, but also the most complex, location 

models. Therefore, this type of problem modelling has a widespread utilization in location decisions 

within a microscope context, where it’s possible to solve highly complex problems with detailed 

approaches. 

 

3. Model development 

The presented problem constitutes a continuous location problem because of the macroscopic nature 

of the pretended analysis, and also because the company does not consider limiting the solution to a 

set of locations. As mentioned previously, this type of problem is very useful in the initial stage of the 

location decision process, the phase in which the company currently finds itself. 
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A decision model was developed for Oliva, which allows an analysis of several possible supply chain 

configurations as asked by the organization. The model proposed is based on the center of gravity 

method and, in order to conduct this analysis, it was implemented in Microsoft Excel, using its Solver 

function with the objective function set to minimise the total transportation costs. To apply the proposed 

model to Oliva, data collection and treatment was conducted, using some strategies to reduce 

complexity. The collected data corresponds to market and supply locations; transport costs (both land 

and sea transportation); product and raw materials; annual demand; and conversion units. During the 

data collection, one of the strategies to reduce complexity was to aggregate Oliva’s suppliers and 

markets by their city, which resulted in the locations exposed in the following tables. 

Table 1 - Location of Oliva’s suppliers 

Raw material City Country 

Olive oil 

Córdoba 

Spain Jaén 

Sevilla 

Sardoal 

Portugal 

Beja 

Valpaços 

PET bottles Lisbon 

Glass bottles Marinha Grande 

Tin packages Aveiro 

Card boxes 
Torres Novas 

Labelling stickers 

Bottle capsules 
Grândola 

Tin capsules 

 

Table 2 - Location of Oliva’s markets 

City Country  City Country  City Country 

Cape Town 

South Africa 

 La Paz Bolivia  Madrid Spain 

Durban  Porto Alegre 

Brazil 

 Lyon 
France 

Johannesburg  Rio de Janeiro  Paris 

Cabinda 

Angola 

 Salvador  Rotterdam Holland 

Lobito  São Paulo  London England 

Luanda  Bogotá Colombia  Luxembourg Luxembourg 

Namibe  Asuncion Paraguay  Czeladź 

Poland 
Praia 

Cape Verde 
 Montevideo Uruguay  Krosno 

São Vicente  Caracas 

Venezuela 

 Strykow 

Bissau Guinea Bissau  Margarita  Tęgoborze 

Maputo 
Mozambique 

 Puerto Cabello  Lisbon 
Portugal 

Nacala  Shanghai China  Porto 

Windoek Namibia  Jakarta Indonesia  Bucarest Romania 

São Tomé São Tomé and Príncipe  Yokohama Japan  Moscow 
Russia 

Mexico City Mexico  Berlin Germany  S.Petersbourg 

Toronto Canada  Brussels Belgium  Neuchatel Switzerland 

New York USA  Copenhagen Denmark    

 

Despite the fact that the solution of the current problem can be located in a spherical surface, the 

decision model was created in a 2-dimensional plane. As such, the decision model developed in this 

case study uses a 2-D plane referential with two Cartesian coordinates. The referred simplification was 

possible because in the current problem there are no trajectories outside the geographic zone outlined 



6 
 

in the plane, as this allows for a problem formulation that finds a solution contained in an infinite set of 

points within a finite bi-dimensional plane.  

To create the model, two approximation strategies were employed in order to minimize any error 

resulting from entity locations and distances between entities. The first strategy was the calculation of 

the referential scale factor 𝑣𝑒 that minimizes the error related to the distance between points. The second 

strategy was related to problem formulation, and comprises the calculation of the conversion factor 𝑘, 

which transforms the Euclidean distances between points in real transportation distances. 

The model was implemented in a spreadsheet in Microsoft Excel, in order to be user friendly for the 

company managers. It has three main phases: data introduction; data processing; and result calculation 

and presentation. 

The first phase, data introduction, is comprised of two spreadsheets, Data and Demand. In the Data 

section, products and conversion units for each of them are inserted as input, as well as the entities with 

corresponding locations, transportation costs and 𝑘 value. In the end, the user selects the markets and 

suppliers to analyse. In the Demand spreadsheet, these inputs are processed and modelled into 

different demand scenarios, where one scenario is subsequently chosen, along with its demand values. 

In the second phase, data processing, there are also two spreadsheets: Conversion and Tabdin. In the 

Conversion spreadsheet, the unit conversion inputs and the previously selected demand scenario 

values are transformed into quantifiable values for the oil tanks, raw materials trucks and final product 

pallets. These values are then inserted in the Tabdin spreadsheet, where each of their sums is 

aggregated, through the utilization of one Excel’s Pivot Table. 

The final and third phase has one spreadsheet, which takes the outputs from the previous sections and 

uses them to select scenarios for: the allocation of continents, the types of transportation and the 

quantities acquired by each supplier. 

Then, taking into account the volume 𝑉𝑖 (number of bulk olive oil tanks, raw materials trucks, product 

containers or product trucks) for each entity, its associated cost 𝐶𝑡𝑖 to transport one volume unit per 

kilometre, its conversion factor 𝑘𝑖, and the distance 𝑑𝑖  between its location and the factory to be located, 

the transportation costs for each entity is calculated as follows 

 𝑇𝐶 = 𝑉𝑖 × 𝐶𝑡𝑖 × 𝑘𝑖 × 𝑑𝑖 (3) 

Where the distance 𝑑𝑖, in kilometres, is determined by 

 𝑑𝑖 = √(�̅� − 𝑥𝑖)2 + (�̅� − 𝑦𝑖)2 × 𝑣𝑒 (4) 

The sum of these values is the input for Microsoft Excel’s optimization tool, the Solver function, which 

minimizes this value, changing the facility location coordinates. Therefore, the model presents this 

coordinates for the location that minimize the total transportation costs, and show the respective point 

in the referential, as well as the others entities points. 
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4. Results 

In this section, three cases were created and solved by the model developed and a subsequent analysis 

to demand growth were also conducted. The two main purposes of this study were to find the optimal 

location for the company’s facility and to understand which changes occur, in a quantitative level, when 

some locations and logistics parameters (transportation costs, conversion factors and market allocation) 

are modified. 

For the first case, a scenario was considered where only the flow and distances between the entities of 

the supply chain were taken into account. The purpose was to understand the weight of each entity and 

its significance to the solution found. As an extension, it was considered that all the markets are supplied 

by containers and all the entities have the same conversion factor 𝑘. 

This second case was based on the actual parameters of the company’s logistics data and is the most 

realistic approximation to the actual travelled distances in the supply chain. This approximation was 

achieved by using the conversion factor 𝑘 for each entity. On the other hand, the logistics parameters 

of each entity were established relatively to their current type of transportation. 

As there are no forecasts predicting a growth of the demand in the markets nearest to the actual facility, 

the third scenario analyses the possibility of siting a new facility outside Europe. The new location takes 

into account the availability of finding suppliers for the packaging raw materials near the markets, and 

also the obstacles presented by altering the location of olive oil suppliers.  

For this case, São Paulo was chosen as a possibility for the new location, as it is the entity in Oliva’s 

supply chain with the largest volume. By setting up a factory near its biggest market, the company would 

be able to minimize the transportation of packaging material to this continent. Also, the company would 

achieve a better response capacity to deal with demand variations and, therefore, an increase on their 

service level.  

This case resolution was split in two scenarios: 

● Scenario A: the current location of the factory is maintained, but it will no longer supply South 

American markets;   

● Scenario B: a new factory is set up in São Paulo, solely to supply the South American markets.  

Here, the intention in utilizing the decision model was not to find the best location, since it’s already 

established in the two scenarios presented, but to calculate and compare the total transportation costs. 

Additionally, the impact of a demand rising in the Brazilian markets was analysed, since their growing 

potential. Thus, three demand growth scenarios were considered: an increase of 50%, 100% and 150% 

in the actual demand of these markets. For this analysis, the demand increases were applied in the 

Case 3 and compared with the same increases in the actual location of Oliva’s factory (considered the 

Case 0). 
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The following table shows the results found through the application of the decision model in each case 

and subsequent scenarios of demand increasing. 

Table 3 - Results of the cases analysed by the decision model 
(NA – not applicable) 

Case 
Factory 
location 

Suppliers of 
packaging 
materials 

localization 

Allocated 
markets 

Transportation 
costs 

Annual 
demand 

Total 
transportation 

costs 
Difference 

Percentage 
difference 

0.1 Original Original Worldwide Yes Original 3 365 815 € NA NA 

0.2 Original Original Worldwide Yes 

Original plus 
increase of 
50% in the 
Brazilian 
markets 

4 431 630 € 1 065 816 € 31,70% 

0.3 Original Original Worldwide Yes 

Original plus 
increase of 
100% in the 

Brazilian 
markets 

5 501 365 € 2 135 550 € 63,40% 

0.4 Original Original Worldwide Yes 

Original plus 
increase of 
150% in the 

Brazilian 
markets 

6 567 286 € 3 201 472 € 95,10% 

1 
130 Km from 

original 
Original Worldwide No Original NA NA NA 

2 
20 Km from 

original 
Original Worldwide Yes Original 3 363 126 € -2 688 € -0,10% 

3.1 

São Paulo São Paulo 
South 

America 
  

Original 

      

Original Original 
Worldwide 

except South 
America 

Yes 2 725 766 € -640 048 € -19% 

        

3.2 

São Paulo São Paulo 
South 

America 
  Original plus 

increase of 
50% in the 
Brazilian 
markets 

      

Original Original 
Worldwide 

except South 
America 

Yes 3 424 813 € 58 998 € 0,9% 

        

3.3 

São Paulo São Paulo 
South 

America 
  Original plus 

increase of 
100% in the 

Brazilian 
markets 

      

Original Original 
Worldwide 

except South 
America 

Yes 4 126 024 € 760 209 € 45,5% 

        

3.4 

São Paulo São Paulo 
South 

America 
  Original plus 

increase of 
150% in the 

Brazilian 
markets 

      

Original Original 
Worldwide 

except South 
America 

Yes 4 812 815 € 1 447 001 € 61,1% 

        

 

The optimal location found by the model for the Case 1 doesn’t differ considerably from the actual. This 

can be explained by the fact that more than half of the total volume transported is originated or end up 

in entities located in the Iberian Peninsula. Thus, it’s easy to perceive that, considering only one factory, 

its best location isn’t far away from the actual.  

In Case 2, the optimal location found is situated 20 Km from the actual location of the factory, which 

translates into savings of 2 688€ per year, a cost reduction that is not significant. Therefore, it’s possible 

to conclude that, in case only one factory exists, the current location is optimized given the company’s 

current situation. 
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The Case 3, which considered a second factory in São Paulo, results in an annual saving of 

approximately 640 000 €, which represent roughly 19% of the actual costs. However, this costs don’t 

include the investment needed to set up a new factory, since the company asked for an analysis only 

related to the transportation costs within its supply chain. So, it’s necessary to determine the investment 

value to conclude if a second factory leads to a reduction of the total logistics costs. 

Since the savings obtained in Case 3 may not cover the costs of open a new facility, three scenarios of 

a demand increasing were considered. By the previous table, it’s observed that the transportation cost 

remain the same in a scenario of a 50% increase in the Brazilian markets and that the difference 

between the other two scenarios increase. The following table allows to easily compare the costs 

decrease 𝑑 between the scenarios of the Brazilian demand growth applied to Cases 0 and 3. 

Table 4 – Comparison between demand increasing scenarios 

Demand 
scenario 

Case 0 Case 3 
Decrease 

(𝒅) 
Percentage 
decrease 

1 3 365 815 € 2 725 766 € 640 048 € 19,02% 

2 4 431 630 € 3 424 813 € 1 006 817 € 22,72% 

3 5 501 365 € 4 126 024 € 1 375 341 € 25,00% 

4 6 567 286 € 4 812 815 € 1 754 471 € 26,72% 

 

Oliva should consider opening a new factory when the value 𝑑, established by the demand growth, 

equals the value that the company is willing to invest per year. 

 

5. Conclusions 

The main purpose of this study was the development of a decision model to support Oliva’s decision 

about the location of its manufacturing facility, with the aim of lowering transportation costs in the 

company’s supply chain. 

Since Oliva’s case corresponds to a continuous location problem, the model was developed through the 

center of gravity method. To assure that the model can be easily utilized by the company, it was 

implemented in the Excel software. When used in different scenarios of the company’s supply chain, 

the model obtained results that could identify the subsequent conclusions: 

 The current location of the factory is optimized; 

 The location of a second factory will result in a reduction of the total cost of transportation. 

However, it is not possible to guarantee, in the short-term, a reduction of the total logistic costs; 

 In a hypothetical scenario of a demand growth in foreign markets, it’s possible to see an increase 

in the difference between the costs of keeping the factory in its actual location and the costs of 

opening a second facility. 
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Throughout the analysis of the results, it was also concluded that the transportation cost and the location 

of the packing material suppliers (mainly the glass bottles supplier), considerably influence the final 

result. Therefore, these factors are of great relevance and the company must take them seriously in the 

final decision. 

Given the results obtained, Oliva will need to study the feasibility of opening a new facility, so that it 

occurs at the moment when the corresponding investment is inferior to the total gained from the 

reduction of the transportation costs. 

Oliva’s managers considered that the model developed was very useful for the location decision and 

they expect to utilise it in the future with more scenarios, given its user friendly interface. For a future 

approach, it would be interesting to include the costs of opening a new facility in the model. 
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