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According to the current situation, the improvement of processes that reduce operational costs and 

guarantee continuous development on the energetic and environmental level are extremely important. 

In this sense, companies are looking for an efficient management of the supply chain in order to 

maximize their competitiveness in the global market. 

This master thesis revolves around this situation, where Galp Energia seeks to ensure a good 

performance in terms of its supply chain, from the existing palm plantations in northern Brazil to the 

incorporation of biodiesel in Portugal, specifically in the level of palm oil transportation. The ultimate aim 

of Galp Energia is to ensure that there will be sustainable feedstock for future production of biodiesel 

plant at national level (Portugal), and also analyzed alternative scenarios for the palm oil reception in 

Brazil. 

Thus, we applied a methodology for assessing different scenarios, to identify the economic scenario, 

environmentally and energetically more favorable for palm oil transportation to the domestic market. 

The scenarios were analyzed in economic, environmental and energy which resulted in a more favorable 

global alternative, both for the domestic market and for export and reception of the product in Portugal. 

It was found that the scenarios benefited in economic and environmental terms not only of increased 

transport capacity as well as of the alternatives that were explored shipping instead of road. 
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1. Introduction 

 

Power has been instrumental in socio-economic 

development worldwide. Several studies show 

that energy needs will grow to 12 million tons of 

oil equivalent in 2008 to 18 million tons of oil 

equivalent in 2035, with an average increase of 

0.3 % for the Organization for Economic 

Cooperation and Development (OECD) and 

about 2 % for the remaining(Ossai et al., 2014, 

Krewitt et al., 2009).  

Most of the energy is achieved through 

conventional sources such as coal, natural gas 

and oil products. However due to the constant 

social pressure on environmental issues , the 

most industrialized and developed countries 

have been increasing their interest in renewable 

energy , thus reducing air emissions and 

contributing to the reduction of problems such 

as the greenhouse effect ensuring , long-term 

viable source of alternative energy supply 

(Salim et al., 2014). 

In 2020, it is estimated that about 54 % of all 

renewable energy come from biomass, 

accounting for about 12% of the energy needs 

of the European Union. It is expected an 

increase of about 44 % in bioenergy with a 

relative approximately 129% increase in 

biofuels(Hoefnagelset al., 2014). 

Vegetable oils have revealed interesting 

features in the development of biofuels, in 

particular for diesel engines. Palm oil is one of 

these alternatives, however due to its high 

viscosity, a use of this without treatment and 

care in the transportation and storage 

throughout the production process, may lead to 

technical problems that will influence the final 

performance of biofuel. It becomes therefore 

crucial to ensure a good performance 

throughout the supply chain of this type of 

biofuel (Ndayishimiye e Tazerout, 2011). 

2. Case study 

 

This article refers to an actual case study of 

Galp Energia. 

Galp Energia is now the only integrated group 

of oil products and natural gas in Portugal, with 

activities that extend from exploration and 

production of oil and natural gas, refining and 

distribution of petroleum products, distribution 

and sale of natural gas and the generation of 

electricity. 

The need to protect the environment, to comply 

with the environmental specifications and to 

extend the chain of the energy sector value led 

Galp Energia to invest in biofuel production. 

Being an integrated biodiesel producer with a 

presence throughout the production chain, it is 

important to ensure environmental and social 

sustainability of agricultural projects and 

maximize emission reduction throughout the 

product life cycle. This project will also help to 

increase security of supply through the 

diversification of sources of raw materials (Galp, 

2014a). 

The aim of the present article is to define the 

entire transportation logistics and storage 

associated with the palm oil supply chain for 

biodiesel production and the feasibility of the 

project in economic terms. Thus we highlight 

below the main points of work in order to 

achieve the objectives set for this project: 

 Economic, environmental and energy 

analysis for various transport scenarios 

developed with the objective of showing 

the total viable alternative. 

 Development of alternatives to oil 

reception level in Portugal. 

 Definition of competitive sales price of 

oil in view of the current market offer. 

3. Scenario Definition  

 

Once the problem is integrated at the strategic 

level, the methodology applied was the 

development of different transport scenarios 

and palm oil reception. The scenarios are 

described, analyzed and evaluated in the 

economic, environmental and energy point of 

view. 

3.1 Developed scenarios 
 

Figure 1 shows in a systematic way the various 

scenarios studied , both in the internal market, 

where both the palm oil from the source as the 
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end market are in Brazil , and the level of the 

foreign market, where the product comes out of 

Brazil to supply the Portuguese market. Each of 

the three scenarios the foreign market gives rise 

to four different product reception possibilities in 

Portugal, as can be seen by Figure 1  

 

The scenarios presented are distinguished 

between internal market, foreign market and 

receiving the product in Portugal. In the 

domestic market the oil is produced, processed 

and consumed directly in the Brazilian market in 

the form of biodiesel. In the foreign market, the 

oil produced in Brazil is transported and 

subsequently treated in Portugal for the 

production of biodiesel. For the domestic 

market four alternative scenarios will be 

studied, two in which transportation is 

exclusively road and two that address part of the 

journey by ship. To foreign markets will be 

compared three different scenarios, essentially 

varying the capacity of the ship used to 

transport oil between Brazil and Portugal. To 

the oil reception will be analyzed two distinct 

discharge regions. Tanquisado in Setubal and 

the terminal in Sines. 

3.1.1 Internal market 

To develop scenarios for the internal market for 

the oil transportation were considered the 

transmission capacities as well as two 

alternative transport routes. In Figure 2 is set 

the first scenario (I1) where transport is 

provided by truck from the two poles, where the 

palm is collected and extracted oil, to São Paulo 

where the oil is treated and used for the 

production of biodiesel. 

 

Figure 2 –Oil transport from poles to São Paulo by 

tanker (I1)(Autoria própria) 

In the second scenario (I2 ) , as can be seen in 

Figure 3, the transport capacity has been 

changed to forty tons instead of the normal truck 

, twenty- five tons , keeping for this purpose the 

same route from the poles to São Paulo. 

 

For the development of the third and fourth 

scenario (I3 and I4), was studied an alternative 

route to that used previously, splitting the route 

into two sections, where the oil is transported 

via tanker to the port of Vila- of -Conde, followed 

Figure 1 - Organization Chart transportation scenarios and palm oil reception. 

 

 

Figure 3 - Poles oil transport to Sao Paulo by 
double capacity truck  

 (I2) 
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a shipping to the port of Santos for later 

consumption in the São Paulo market, as 

shown in Figure 4. The difference between the 

third and fourth scenario is related to the 

variation in the ship's carrying capacity, both 

alternatives being ten and twenty tons. 

 

Figure 4– Oil transportation to St. Paul by the sea ( 

Vila- of -Conde / Santos) ( I3 / I4 ) 

3.1.2 External market 

 

The scenarios for the foreign market include oil 

transport to Portugal for further treatment and 

processing into biodiesel .The oil is transported 

from existing plants in northern Brazil to the port 

of Vila-do-Conde, as defined in the 

development of scenarios for the domestic 

market. Then the oil is transported by ship to 

Portugal, which will be delivered in one of two 

alternative areas, which are the Tanquisado in 

Setubal and Sines. 

With regard to scenarios for the transport that 

will be addressed in the development of this 

work, these include changes in the carrying 

capacity of ships and was considered the cases 

of three distinct capabilities: Ten (E1), twenty 

(E2) and thirty tons (E3) from palm oi. 

3.1.3 Oil reception 

Once assured the transportation of oil to 

Portugal you must set the oil reception process, 

for further processing and production of 

biodiesel. This will be the border of this work 

and will encompass four different alternatives. 

The four scenarios studied comprise two 

alternative product discharge in Sines, following 

transport and in the preparation of biodiesel 

refinery (RS1 and RS2). In the remaining two 

scenarios, the oil is transported to Setúbal, 

which is then transported to the Sines refinery 

to be produced biodiesel (RT1 and RT2). Full 

details for the four scenarios are presented 

below. An analysis of exhaustive cost to the 

process will be made, leaving out an 

environmental and energy analysis to the oil 

reception, due to the complexity and variety of 

factors that would have to be contemplated in 

order to obtain reliable results to be used as 

reference in this study. 

Figure 5 describes the first reception stage 

(RS1). The oil comes from vessel to the port of 

Sines, which is discharged with the aid of 

specific loading arms to the terminal, which will 

be transported via pipeline and stored in 

temporary storage tanks. Then there would be 

a tanker transport between the port of Sines and 

the Sines refinery, where the oil would be 

stored, processed and turned into biodiesel. 

 

 

Figura 5 – Reception oil in CLT and transfer via tankers to 

the refinery ( RS1 ) 

Figure 6 shows the second product reception 

setting in Sines (RS2, differing only in the first 

phase of transport between the terminal and the 

refinery, which would be provided via pipeline. 

 

Figura 6 - Oil reception in CLT and transfer via pipeline 

to the refinery ( RS2 ) 

Figure 7 shows the third scenario, where oil and 

transported to Setúbal where it is received in 

Tanquisado (RT1), and subsequently treated 

and transported to a temporary storage area 

where it is then transported via railway to the 

Sines refinery, where it will be converted into 

biodiesel. 

 

Figure 7- Reception oil in Tanquisado and transfer to 

the refinery by train with pretreatment in 

Tanquisado(RT1) 

For finally, in Figure 8 is represented identical to 

the previous scenario, with the difference that in 

this case the pretreatment is carried out in the 

Sines refinery (RT2). This alternative would be 

better in terms of control and vertical integration 

of the biodiesel production process, being of 
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particular interest to evaluate the costs, both in 

terms of investment and operational . 

 

Figure 8 - Oil in Tanquisado reception and transfer to 

the refinery by train with pre-treatment at the refinery 

(RT2) 

4. Methodology 

For this article was conducted an exhaustive 

data collection within the palm oil transport 

sector, both road level as a seaman. Was also 

made a survey of levels of production, 

production costs, product demand and selling 

prices as well as alternative locations for the 

supply of raw material. All data necessary for 

the evaluation of oil receiving alternative in 

Portugal will also be raised. It was also made a 

survey of the main entrances and exits along 

the energy supply chain, which were the basis 

for the development of environmental and 

energy conclusions made. 

Then an economic analysis was performed on 

the various scenarios developed earlier, 

establishing a comparative method among 

them, comparing costs associated with each 

type of developed transport chain. 

After the economic analysis, environmental and 

energy analyzes about the developed scenarios 

will be made,  evaluating and quantifying the 

levels of emissions from the transport process 

of the raw material and an analysis of the 

amount of energy used per unit of product 

transported, so to verify that this does not 

exceed the energy produced through the use of 

biofuels. 

Finally will be selected the most appropriate 

scenarios taking into account the needs and 

objectives of the company. 

5.  Results and discussion 

5.1 Sizing of transportation needs. Costs 

and feasibility. 

 5.1.1 Internal market 

Figure 9 compares the transportation costs of 

the scenarios for the domestic market, noting an 

advantage in economic terms by using shipping 

to meet market needs. Secondly, there is an 

advantage in transporting large quantities rather 

than smaller amounts, such as I4 scenario 

relating to I3 scenario, increasing the capacity 

of the ten vessels to twenty thousand tons and 

I1 scenario regarding the I2 scenario, where 

tankers are replaced by trucks to double 

capacity. Although the scenarios, which uses 

maritime transport are more time consuming 

and more complex, this is not a determining 

factor in choosing the best scenario since with 

this approach the company is interested in the 

economic value associated with oil 

transportation. For these scenarios are viable 

enough to ensure that the warehouse capacities 

are met.

 

Figure 9 – Costs (millions of dollars) for the 4 oil transport scenarios on the domestic market  
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5.1.2 External market 

 

As concluded by the analysis of scenarios of the 

internal market, the costs of oil exports also 

benefit from economies of scale used by 

carriers, considerably lowering the cost per ton 

transported as ships increase its size. Through 

Figure 10 we can compare the costs associated 

with palm oil transport to Portugal throughout 

the project for the scenarios previously 

developed. 

 

  

 

          

5.1.3 Reception of the oil in Portugal  

 

Figure 11 presents a graph showing the 

evolution of the total sum of investments of the 

oil receiving scenarios in Portugal, joining not 

only the initial investment but also the operating 

costs of each of the alternatives studied. Of 

course, the alternative proposals for 

Tanquisado (RT1 and RT2), due to lower initial 

investment value, turn out to be more 

advantageous in the short term. However, from 

the sixth year, the curves corresponding to the 

reception scenarios in Sines (RS1 and RS2), 

due to lower operating values , turn out to be a 

better alternative in the long run. It therefore 

comes a dilemma that must be solved internally 

taking into account the trade-off between initial 

short-term investments needed for the 

development of the project and the long-term 

operating costs. 
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Starting with the economic analysis of transport 

scenarios considered, we conclude that the 

project's annual costs decrease with increasing 

transport capacity used, with a positive 

influence on the use of economies of scale. It is 

also possible to conclude that the levels of 

annual requirements in terms of ships and 

trucks becomes smaller with its increased 

capacity of the proposed scenarios, making the 

process simpler in the logistic point of view. 

 

For the product reception scenarios, it is 

concluded that the proposed alternatives to 

Tanquisado (RT1 and RT2) due to the lower 

investment turn out to be more advantageous in 

the short term. On the other hand, the reception 

scenarios in Sines (RS1 and RS2) due to lower 

operational values , turn out to be a better 

alternative in the long term. Another important 

issue regarding the reception scenarios that 

may be important in the final choice has to do 

with the chain control level by Galp, losing some 

of it by choosing Tanquisdado.  

 

5.2 Environmental analysis  

 

The environmental review process is one of the 

determining factors in the choice of transport 

scenarios more suitable for palm oil supply 

chain. In this section will be carried out an 

analysis that is based on a Life Cycle 

Assessment , which includes a comparison of 

major transport scenarios of the internal market 

( I1, I2, I3 , I4 ) and the export of oil to Portugal 

(E1, E2 , E3). These analyzes were performed 

using sotfware SimaPro. The methods used 

were the recipe , IMPACT and Edip, the same 

being the most commonly used for this type of 

study(Mota et al., 2014). The methodology used 

was the Life Cycle Analysis, beginning with 

defining the scope of the analysis, functional 

unit, spatial and temporal boundaries 

associated with the project, then moving to an 

analysis of more detailed environmental impact 

on the transport scenarios proposed throughout 

this dissertation. 

 In Figure 12 we can see the scores of single 

environmental impacts for each method and 

each scenario. Regardless of the method 

considered, all scenarios show the same 

tendency with respect to the total environmental 

impacts per ton kilometer, showing that the 

purely road scenarios, due to the large 

distances and the low transport capacity 

compared to shipping scenarios, considerably 

dirtier. Concerning the environmental impacts of 

the results for different transmission capacity, 

we can also conclude generally that the greater 

the transmission capacity, the lower the overall 

impact associated with the scenario. Since all 

methods produce reliable results, it is clear that 

all three turn out to be suitable to the study of 

this work. By observing Figure 12, and as an 

example, we can see that in all methods purely 

road scenarios (I1 and I2) are the ones that 

have a greater environmental impact, noting 

also a decrease of I1 to I2, this due increasing 

the transport capacity of the second scenario. 

For mixed and purely maritime scenarios, we 

can see a considerable reduction of 

environmental impacts (E1, E3 I3 / I4) 

  

Figure 12 - Environmental impacts of transport scenarios 

Regarding the analysis of environmental 

impacts conducted, there is a positive 

correlation between the type of transport and 

environmental pollution levels generated by 

them, standing out negatively the road scenario. 

Likewise there is a negative correlation between 

the capacity and pollution transported per ton 

kilometer. One can then say that the mixed 

picture of the internal transport (I3 and I4) and 

the scenario of thirty tons ship (E3) on the 

export, turned out to be less damaging from an 

environmental point of view, for the domestic 

market and external, respectively. 

5.3 Energy analysis 

 

Within the analysis of product life cycle stands 

out energy analysis, where you can measure 

the return in terms of energy for a given  
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process. As palm oil biodiesel production has 

been promoted by international guidelines, it is 

extremely important perform an energy analysis 

of the entire supply chain on the production of 

biodiesel, with this type of feedstock. Thus, it is 

possible to obtain results of the energy 

efficiency derived from the final product, on the 

energy required for processing of the entire 

system. The analyzes are based on the work of 

Pleanjai & Gheewala, (2009). 

This study aims to assess the net energy 

consumption precisely the difference between 

what is produced and what is consumed. So it 

was analyzed both the energy consumption 

associated with various supply chain stages of 

biodiesel production, as well as the energy 

generated by using biodiesel. To evaluate the 

energy balance will be used two indicators: 1) 

net energy ratio, which is the ratio of energy 

obtained from the production and use of oil, in 

respect of energy expenditure required in the 

process; 2) net energy balance corresponding 

to the difference between the energy derived 

from the use of oil and expenses for producing 

the same. 

For the analysis of energy consumption, the 

following phases of the product life cycle were 

considered: the planting phase, extraction, oil 

production, esterification and also the oil 

transport scenarios. 

In order to respond to the themes present in the 

introduction of the problem relating to energy 

liquidity ratio and the balance of energy liquidity, 

Figure 13 shows, for each of the studied 

transport scenarios, the values of NER (Net 

Energy Ratio) and as the respective values of 

the NEB (Net Energy Balance) . By observing 

Figure 13 you can see that any of the scenarios 

makes it feasible, from an energy point of view, 

the process, showing values greater than one 

for the NER and greater than 0 to the NEB. This 

indicates a greater amount of available energy 

derived biodiesel production process regarding 

the energy consumed by the supply chain. 

 

Figure 13 – Net Energy Ratio & Net Energy Balance for 
the transport scenarios 

As regards the analysis of the energy supply 

chain, with changes in the transportation 

scenarios , all proved to be efficient from the 

energy point of view , presenting NER values 

greater than 1 and NEB greater than 0. Once all 

processes transport represent a small portion of 

the total energy expenditure of the supply chain, 

we can´t conclude what’s the best scenario, but 

that all the ones studied has satisfactory energy 

balances. It was also possible to ensure the 

positive balance in terms of energy throughout 

the palm oil supply chain, having room for 

improvement particularly in terms of production 

technology. 

6. Conclusions and future work 

 

Under current circumstances, it is extremely 

important process improvement aimed at 

reducing operating costs and simultaneously 

ensure continuous improvement of the 

environmental and energy point of view. In this 

context, Galp Energia seeks to ensure a good 

performance in the palm oil transport for a future 

production of plant-based biodiesel. Therefore, 

they proposed different scenarios that had as 

main objective the resolution of the proposed 

problems. They were also developed some 

scenarios for oil reception in Portugal, as well 

as a study of oil sales prices taking into account 

current market offerings.  

Both economic analysis and environmental 

analysis to developed scenarios show a 

competitive advantage in using economies of 

scale, greatly improving the costs and 

environmental impacts by the use of transport 
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with higher capacity. The oil reception in 

Portugal is dependent on both operating costs 

as the initial investment, showing that there is a 

clear trade-off between the two variables in the 

scenarios of Sines and Tanquisado. As for 

energy costs relating to the biodiesel supply 

chain, we can conclude that all scenarios 

studied exhibit positive net results, showing that 

produces more energy than is consumed along 

the chain. 

 

As future work we propose the study of mixed 

scenarios in various areas addressed in this 

thesis in order to explore potential 

enhancements of the scenarios studied and 

suggest alternatives for potential variations in 

the market for import and export of palm oil. 
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