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Abstract 

This paper aim is to present a sustainability model for the olive sector in Palestine. Based on a Life Cycle Analysis, the entire sector 

processes are accomplished in three main stages: cultivation, oil extraction, and oil treatment. The main inputs for these three stages 

are energy, water, labor, and machines with different percentages for each stage. The value creation index can be defined as the 

ratio between the revenues and the costs. Value creation index is calculated for each stage of the olive sector and the results showed 

that the total value creation for the sector is greater than two. 
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1. Introduction 

1.1. Olive sector and Palestinian economy 

      Olive tree is an ancient plant that was introduced to the Mediterranean basin about 6,000 years ago. Olive tree is 

one of the oldest known cultivated trees in the world and it reaches between 8-15 m height. The olive leaves are oblong 

silvery green, measuring 40–100 mm long and 10–30 mm wide. The trunk is typically gnarled and twisted. The fruit 

is a small 10–25 mm long, thinner-fleshed and smaller in wild plants than in orchard cultivars. Olive is harvested in 

the green to purple stage during autumn season [1], [2]. Olive groves cover 940 million m2 of Palestinian land and 

contribute to the economy through linkages with the food industry and other industries such as traditional soap making 

and crafts. According to data published in 2011 [3], there are 8.9 million olive trees in Palestine. The olive subsector 

comprises 15 per cent of the total agricultural income, mitigating the impact of unemployment and poverty on the 

Palestinian society by providing 3 to 4 million seasonal work days per year and by supporting 100,000 Palestinian 
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families. 

     Olive fruits and oil production are in decline as oil production dropped from an average of 23 million kg per year 

during the period 2000–2004 to 14 million kg per year during the period 2007–2010. As a result, 50% of domestic 

demand in 2009 was met by imported olive oil [4]. Palestine exports an average of 4 million kg of olive oil per year. 

With imports from the Palestinian market accounting for about two thirds of Israel’s olive oil imports, the Israeli 

market remains the largest market for Palestinian olive oil. The Palestinian exports to the Israeli market show marked 

instability, owing to political conditions and recurring crises [5]. In 2009 and 2010, the Israeli market registered a 

significant decline in its imports of the Palestinian olive products, reaching 23,000 kg only in comparison to 890,000 

kg in 2007 and 2008. 

 

1.2 Literature review 

     Sustainability of any product or service would be based on balancing economic, environmental and social aspects. 

It should entail the life cycle of the olive supply chain. Improving the product sustainability can be achieved by 

maximizing the economic and social values while reducing the environmental impact and cost. Olive oil supply chain 

can be described as follows: planting and harvesting or cultivation, olive oil production, oil treatment and packaging, 

product transport - distribution, and consumption, in addition to the waste management. Reference [6] investigated 

LCA for olive production in Spain and found that optimizing fertilizers used in the olive oil production is a priority to 

optimizing olive growing. Using LCA with boundaries as “cradle to farm gate” for Southern Italy in [7] stressed the 

importance of innovation in planting and improving the olive sector and reducing its environmental impact. 

     According to [8], life cycle analysis of olive oil chain shows that the most eco-compatible production chain is the 

one that uses continuous two-phase transformation and employs the pomace treatment to produce fuel, while the least 

eco-compatible system is the system using three-phase continuous production, that composts of the pomace and 

spreads the oil mill waste water on the soil [9]. A comparison between organic and conventional farms in Italy is 

shown in [10]. This reference discusses the high impact of farming practices in both types. It indicates that in the 

organic production a huge amount of fuel is consumed due to the use of old machinery. LCA is also used by [11] to 

analyze the reduction of carbon emissions by using pomace as a source of heat. This study shows a significant 

greenhouse gas emission savings in the four studied combustion scenarios. The complete LCA of olive oil production 

is discussed in [12]. It presents all stages of olive oil production from cultivation to oil extraction and pomace 

treatment. Emissions and pollutants from oil production are discussed in [13], taking the case of Cyprus (Greece) to 

show the environmental effects of this process. This paper classifies fertilization and oil extraction as the first priority 

of the process affecting the environment followed by soil management and tree planting while the transportation is 

considered as the last priority for its low environmental impact. 

     The integrated environmental and economic assessment is also discussed in [14]. This study shows the complete 

process of olive oil production starting from planting and fertilizer production to oil production but not distribution 

and consumption. It shows that the mechanization of cultivation and harvesting processes reduced the costs 

significantly. Reference [15] compared conventional and organic olive planting systems using LCA assessment and 

life cycle costing with system boundary as (cradle-to-farm gate) and showed that conventional cultivation methods 

have more environmental impacts than the organic methods. References [12] and [13] discuss the overall process of 

olive oil production or cradle-to-grave LCA. Whereas [12] and [16] focus on the cultivation phase and environmental 

impact. Other references like [16] show the influence of irrigation on olive productivity. The references [8] and [17] 

show that using the conventional scenarios of cultivation and harvest have higher load and impact on environment 

than organic ones. Reference [18] used LCA qualified environmental effect of olive oil production in Greece, and 

pointed out that the cultivation stage and the oil production stage have the major effect on the environment during the 

supply chain. In order to develop strategies for improving the oil supply chain for Sicily province [8] used LCA 

approach to explore the processes of major potential environmental impact in the olive oil supply chain. Employing 

LCA, reference [19] investigated olive oil production in Jordan and found that soil management has the highest impact 

on the environment and concluded that low mechanization and waste management are the key to lowering the impact 

on the environment. 

The olive oil extraction process is discussed in several references where [13] shows the influence of oil by-products 

treatment on the groundwater contamination. The oil extraction process using continuous two-phase transformation 

is shown in [14]. Using olive wastewater as a fertilizer and using pomace as a fuel or source of energy is discussed in 
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[8]. In reviewing agro-industrial waste, reference [20] concentrated on carried out research for extraction of various 

compounds of olive liquid and solid waste and its potential in other industries. Reference [21] employed fuzzy 

approach analysis for olive oil production optimization, and concluded that a “combination of the traditional 

cultivation system and innovative extraction system seems to be the optimal solution.” 

2. Development of  Sustainability Model 

2.1 Olive supply chain 

     The olive supply chain life cycle in this model extends to the consumption stage, but it does not include the disposal 

stage. Fig. 1 shows the flow chart of the production chain process of olive oil and its applications. The process consists 

of three main stages; the first stage is the cultivation stage, represented by planting trees and harvesting olive fruits; 

the second stage is the oil extraction from the olive fruits and the third stage is the stage of treatment and packaging 

of olive oil. The model, expressed here, takes into account the running costs only without including the initial costs 

such as the initial price of machines, price of lands and the period necessary for the tree to start giving fruits. This 

assumption is based on the fact that the olive sector is an ancient and a long-standing sector in Palestine. 

The main inputs for these three stages are: energy, water, labor and machines with different amounts and percentages. 

Transportation is required between these stages to transfer products from one stage to the next one. Transportation is 

also needed to transport fertilizers from animal farms (sheep, goat or cows) to the olive fields. Fertilizers’ influence 

is included in the transportation expenses because only organic fertilizers taken from manure of animals like sheep, 

goats and cows are applied to olive trees. The main output of the cultivation process is the olive fruit. Ten percent of 

the olive fruits are used as hand-made pickled olives in the Palestinian kitchen, whereas 90% are transported to the 

olive presses for oil extraction. The other output of the cultivation stage is olive wood. Part of this wood is used to 

produce wooden crafts and souvenirs, especially in Jerusalem and Bethlehem, while most of the wood is burned in 

fire stoves for heating and cooking. One kg of this wood costs around 0.2 US Dollars [4]. 

     The oil extraction stage produces extracted olive oil, pomace and wastewater. The mill wastewater is usually 

sprayed over the dirt and non-asphalted roads especially near stone quarries and dusty roads, in order to prevent or 

reduce the amount of dust on these roads, hence replacing and saving clean water. The pomace is dried and used as a 

source of energy for heating and other process heat applications. The third output of this process is the extracted olive 

oil. Forty percent of this untreated (extracted) oil is filled in 16-liter vessels and is used directly for household 

consumption and cooking as olive oil is a core ingredient in the Palestinian kitchen. It is also used in making soap and 

many pharmaceutical industries, while the rest 60% is transported for further treatment and packaging [4]. The third 

stage is the treatment and packaging stage. In this stage the extracted oil is treated further by filtering and reducing its 

acidity. The resulting extra virgin olive oil is filled in proper bottles for commercial use and exportation. 

 

2.2 Sustainability model and value creation 

     The life cycle of olive can be modelled for sustainability using triangular modelling technique. The triangular 

model shows the inputs and outputs of each process and their economic, environmental and social impacts. Each side 

of the triangle is represented by the factors that affect each of the three sustainability parameters (environment, 

economy and society). When the arrow crossing the side points outwards this means a positive contribution to the 

parameter and when it points towards the centre of the triangle this means a negative contribution. This leads to the 

fact that the triangular model gives a compromise between the outputs (revenues) and inputs (costs) which give an 

indication of sustainability.  The value creation of these systems can be estimated as the ratio between the outputs 

(revenues) and the inputs (costs). The Value Creation Index (VCI) can be calculated by equation 1 [22]: 

 

𝑉𝑎𝑙𝑢𝑒 𝐶𝑟𝑒𝑎𝑡𝑖𝑜𝑛 𝐼𝑛𝑑𝑒𝑥 =  
𝑆𝑢𝑚𝑚𝑎𝑡𝑖𝑜𝑛 𝑜𝑓 𝑣𝑎𝑙𝑢𝑒𝑠 𝑜𝑓 𝑜𝑢𝑡𝑝𝑢𝑡𝑠

𝑇𝑜𝑡𝑎𝑙 𝑣𝑎𝑙𝑢𝑒 𝑜𝑓 𝑎𝑙𝑙 𝑖𝑛𝑝𝑢𝑡𝑠
                                      (1) 

 

     The Value Creation Index represents the benefit factor of the sector or the process where having a VCI more than 

one means that the process or sector is effective economically, environmentally and socially and since it includes such 

costs and revenues it will also imply increasing benefits. Reference [23] defined the value creation as the clear, simple 

statement of the benefits, both tangible and intangible, that the company will provide. 
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Fig. 1: Flow chart for the life cycle of olives 

      

 Table 1: Parameters of the olive sector sustainability model in Palestine (All values are in US Dollar per kilogram olive oil) 

 

Stage Inputs (Costs) Outputs (Revenues) Notes 

 

Cultivation 

Energy: 0 

Water: 0.143 

Labor: 2.385 

Machines: 0.122 

 

Olive fruits: 5.6 

Olive wood: 0.5 

Each kg of olive oil needs 4 

kg of olive fruits 

 

 

Oil Extraction 

Olive fruits: 5.6 

Energy: 0.0162 

Water: 0.0162 

Labor: 0.0325 

Machines: 0.06 

 

Extracted oil : 6.5 

Pomace : 0.0185 

Wastewater : -0.06 

The wastewater is negative 

because it has negative 

effect on the outputs. 

 

Treatment and packaging 

Extracted oil: 6.5 

Energy: 0.114 

Water: 0 

Labor: 0.342 

Machines: 0.342 

 

Extra virgin 

olive oil: 7.7 

Extra virgin oil is the final 

output ready for commercial 

use. 

Transport cost is calculated as 0.1 USD per kg olive oil; this transport cost includes the transportation of olive fruit, olive oil and 

natural fertilizers. 

 

 It is necessary to have an idea about the different parameters of the olive sector in Palestine to be able to build 

triangular models and calculate the value creation for each stage of the sector. These parameters are listed in Table 1, 

showing the value of each parameter divided into inputs and outputs for each stage. These values are extracted from 

the official report of the Palestinian Ministry of Agriculture [4]. All parameters are calculated in US Dollar per 

kilogram olive oil. There is no fertilizers effect on environment here because olive sector in Palestine uses only organic 

fertilizers, taken from animal farms and there is no record of using chemical fertilizers in this sector. 

     Fig. 2 depicts the Triangular model for the cultivation (planting and harvest) stage; it shows that this process has a 

positive contribution to the society through labour and to economy through olive fruits and olive wood value, while it 

has a negative influence on the environment because it consumes energy and water. Machines have a positive 
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economic and social contribution but they have a negative impact on the environment due to their air pollution. All 

calculations of the value creation are based on the unit function of one kilogram of olive oil. The value creation index 

for the cultivation stage is calculated using equations 2 through 4 and values of parameters summarized in Table 1. 

 

Fig. 2: Triangular model for cultivation process 

In order to calculate the value creation of the cultivation stage, it is necessary to include the costs and revenues of this 

stage as shown in the equations 2, 3 and 4: 

 

     𝐶𝑜𝑠𝑡𝑐𝑢𝑙𝑡 = 𝐸𝑐𝑢𝑙𝑡 + 𝑊𝑐𝑢𝑙𝑡 + 𝐿𝑐𝑢𝑙𝑡 + 𝑀𝑐𝑢𝑙𝑡     (2) 

 

𝑅𝑒𝑣𝑒𝑛𝑢𝑒𝑐𝑢𝑙𝑡 = 𝑊𝑜𝑜𝑑 + 𝑂𝑙𝑖𝑣𝑒 𝑓𝑟𝑢𝑖𝑡     (3) 

 

𝑉𝐶𝐼𝑐𝑢𝑙𝑡 =
𝑅𝑒𝑣𝑒𝑛𝑢𝑒𝑐𝑢𝑙𝑡

𝐶𝑜𝑠𝑡𝑐𝑢𝑙𝑡
      (4) 

 

Where, Ecult = Energy needed for cultivation per kg olive oil, Wcults = Water needed for cultivation per kg olive oil, 

Lcult = Labour needed for cultivation per kg olive oil, Mcult = Machine operation needed for cultivation per kg olive oil, 

Costcult = Costs of cultivation process per kg olive oil, Revenuecult = Revenues of cultivation process per kg olive oil, 

VCIcult = Value Creation Index for cultivation process. Depending on data taken from Table 3, VCI for this stage is 

calculated to be 2.3 which implies a 2.3 multiplication effect of this stage. The cultivation process is done by human 

labor, where labor costs here reach 90% of the cultivation costs. Using machinery in cultivation processes could 

improve the value of this stage. Fig. 3 depicts the Triangular model for the oil extraction stage showing that this 

process has a positive contribution to the society by providing food and paid-work opportunities. Similarly has positive 

value creation to the economy through production of oil and pomace. However this stage has a negative impact on the 

environment because it consumes energy, water and machines and produces wastewater with polluting potential if 

discharged to the environment without treatment. 

 

 

Fig. 3: Triangular model for oil extraction process 
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The (VCI) for oil extraction stage is calculated using equations 5 through 7, taking all inputs and outputs shown in 

Fig. 3 and explained below.  

                       𝐶𝑜𝑠𝑡𝑒𝑥𝑡 = 𝐸𝑒𝑥𝑡 + 𝑊𝑒𝑥𝑡 + 𝐿𝑒𝑥𝑡 + 𝑀𝑒𝑥𝑡 + 𝑂𝑙𝑖𝑣𝑒 𝑓𝑟𝑢𝑖𝑡      (5) 

 

                      𝑅𝑒𝑣𝑒𝑛𝑢𝑒𝑒𝑥𝑡 = 𝐸𝑥𝑡𝑟𝑎𝑐𝑡𝑒𝑑 𝑜𝑖𝑙 + 𝑃𝑜𝑚𝑎𝑐𝑒 + 𝑊𝑎𝑠𝑡𝑒𝑤𝑎𝑡𝑒𝑟    (6) 

 

                                            𝑉𝐶𝐼𝑒𝑥𝑡 =
𝑅𝑒𝑣𝑒𝑛𝑢𝑒𝑒𝑥𝑡

𝐶𝑜𝑠𝑡𝑒𝑥𝑡
       (7) 

 

Where, Eext = Energy needed for oil extraction per kg olive oil, Wext = Water needed for oil extraction per kg olive oil, 

Lext = Labor needed for oil extraction per kg olive oil, Mext = Machine operation needed for oil extraction per kg olive 

oil, Costext = Costs of oil extraction process per kg olive oil, Revenueext = Revenues of oil extraction process per kg 

olive oil, VCIext = Value Creation Index for oil extraction process, The pomace produced by the extraction process is 

sold at a price of 0.02 US Dollars per kg. The cost of getting rid of the olive wastewater is considered as a negative 

value in the calculations. VCI for the oil extraction stage amounts to 1.13 and this implies a slight benefit of this stage 

due to the negative and environmental cost of the waste streams during the stage. 

Fig. 4 represents the Triangular model for the oil treatment and packaging stage; it shows that this process has a 

positive contribution to the society and economy, while it has a negative influence on the environment because it 

consumes energy, water and machines, and discharges the waste streams into the environment. 

 

Fig. 4: Triangular model for treatment and packaging process 

The (VCI) for treatment and packaging stage is calculated using equations 8 through 10 and all inputs and outputs 

shown in Fig. 4 and explained below with their values, given in Table 3, 

 

   𝐶𝑜𝑠𝑡𝑡𝑟𝑒𝑎𝑡 = 𝐸𝑡𝑟𝑒𝑎𝑡 + 𝑊𝑡𝑟𝑒𝑎𝑡 + 𝐿𝑡𝑟𝑒𝑎𝑡 + 𝑀𝑡𝑟𝑒𝑎𝑡 + 𝐸𝑥𝑡𝑟𝑎𝑐𝑡𝑒𝑑 𝑜𝑖𝑙  (8) 

 

𝑅𝑒𝑣𝑒𝑛𝑢𝑒𝑡𝑟𝑒𝑎𝑡 = 𝐸𝑥𝑡𝑟𝑎 𝑣𝑖𝑟𝑔𝑖𝑛 𝑂𝑙𝑖𝑣𝑒 𝑜𝑖𝑙   (9) 

 

𝑉𝐶𝐼𝑡𝑟𝑒𝑎𝑡 =
𝑅𝑒𝑣𝑒𝑛𝑢𝑒𝑡𝑟𝑒𝑎𝑡

𝐶𝑜𝑠𝑡𝑡𝑟𝑒𝑎𝑡
                 (10) 

 

Where, Etreat = Energy needed for oil treatment and packaging per kg olive oil, Wtreat = Water needed for oil treatment 

and packaging per kg olive oil, Ltreat = Labor needed for oil treatment and packaging per kg olive oil 

Mtreat = Machine operation needed for oil treatment and packaging per kg olive oil, Costtreat = Costs of oil treatment 

and packaging process per kg olive oil, Revenuetreat = Revenues of oil treatment and packaging process per kg olive 

oil, VCItreat = Value Creation Index for oil treatment and packaging process, The VCI for the treatment stage amounts 

to be 1.05, indicating little benefit in this stage., The overall value creation index (VCIoverall) of the whole process can 

be estimated by calculating the ratio between the total outputs (Revenuetotal) and the total inputs (Costtotal) as shown in 

equations 11 through 13: 
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𝐶𝑜𝑠𝑡𝑡𝑜𝑡𝑎𝑙 = 𝐶𝑜𝑠𝑡𝑐𝑢𝑙𝑡 + 𝐶𝑜𝑠𝑡𝑒𝑥𝑡 + 𝐶𝑜𝑠𝑡𝑡𝑟𝑒𝑎𝑡 + 𝑇𝑟𝑎𝑛𝑠𝑝𝑜𝑟𝑡 − 𝑂𝑙𝑖𝑣𝑒 𝑓𝑟𝑢𝑖𝑡 − 𝐸𝑥𝑡𝑟𝑎𝑐𝑡𝑒𝑑 𝑜𝑖𝑙 (11) 

 

𝑅𝑒𝑣𝑒𝑛𝑢𝑒𝑡𝑜𝑡𝑎𝑙 = 0.1 × 𝑂𝑙𝑖𝑣𝑒 𝑓𝑟𝑢𝑖𝑡 + 0.9 × (0.4 × 𝐸𝑥𝑡𝑟𝑎𝑐𝑡𝑒𝑑 𝑜𝑖𝑙 + 0.6 × 𝐸𝑥𝑡𝑟𝑎 𝑣𝑖𝑟𝑔𝑖𝑛 𝑂𝑙𝑖𝑣𝑒 𝑜𝑖𝑙) + 𝑊𝑜𝑜𝑑 +
𝑃𝑜𝑚𝑎𝑐𝑒 + 𝑊𝑎𝑠𝑡𝑒𝑤𝑎𝑡𝑒𝑟          (12) 

 

𝑉𝐶𝐼𝑜𝑣𝑒𝑟𝑎𝑙𝑙 =
𝑅𝑒𝑣𝑒𝑛𝑢𝑒𝑡𝑜𝑡𝑎𝑙

𝐶𝑜𝑠𝑡𝑡𝑜𝑡𝑎𝑙
    (13) 

 

Note that the transportation cost (Transport) is added to the total cost, it is worth mentioning that this transportation 

costs about 0.1 US Dollar per kg olive oil. This transport parameter involves the transportation of olive fruits from 

olive fields to olive presses, transport of extracted olive oil to commercial points or treatment factories and 

transportation of natural fertilizers from animal farms to olive fields. The olive fruit and extracted oil are subtracted 

from the costs. Olive fruits are output of the cultivation stage and also input for the extraction stage. Similarly, 

extracted oil is an output of the extraction stage and also an input for the treatment stage. They were calculated in the 

costs of intermediate stages of cultivation and extraction. In the Revenues, the olive fruit is multiplied by 0.1 because 

only 10% of the olive fruits are pickled to be used in household food while 90% is transformed into olive oil. 40% of 

the extracted olive oil is used directly without treatment and 60% of this oil is transported to be treated and packaged 

for commercial and industrial use as an extra virgin olive oil. The total costs were calculated to be equal to 3.67 US 

Dollars per kg olive oil while the overall revenues equal to 7.52 US Dollars per kg olive oil. This leads to an overall 

value creation index for the olive process equals to 2.05. Table 2 shows the detailed quantitative presentation of the 

costs, revenues and VCIs for each stage of the olive sector. It can be easily seen that the VCI for the cultivation process 

is the highest followed by the extraction stage while the VCI for the treatment process is the least of all. This means 

that the multiplication benefit is highly influenced by the cultivation stage. 

 
    Table 2: Detailed VCI calculation results for the three stages of olive oil sector 

Stage Costs Revenues VCI 

Cultivation 2.65 6.10 2.31 

Extraction 5.72 6.46 1.12 

Treatment 7.29 7.70 1.05 

Overall 3.67 7.51 2.05 

 

Note in Table 2 that the columns of costs and revenues for the three stages cannot be summed to get the overall costs 

and revenues because some values are repeated in the calculation of each stage. For example olive fruits are included 

in the cultivation process as a revenue while the same value is included in the extraction as a cost. Another example 

is the extracted olive oil which is taken as a revenue in the extraction stage and as a cost in the treatment stage. 

 

Conclusions 

The foregoing sustainability study of the olive sector in Palestine has a high importance for the Palestinian economy. 

The designed model for olive sector divides the overall process into three stages; cultivation, oil extraction and oil 

treatment. The three stages have positive contribution to the society and economy while having negative impact on 

the environment. The main inputs of the three stages are the energy, water, labor and machines, but they have different 

values and percentages according to each stage.  

The calculation of the value creation index for each stage shows that all stages are feasible, leading to the feasibility 

of the whole process. This value creation index calculation for the sector is considered the main contribution of the 

paper. The study of VCI sensitivity related to the different activities is a unique and new study and it can be used as a 

basis for future modification of the olive oil income.  

One of the main drawbacks in the current situation is that the cost of labor in the process is extremely high; thus 

replacing this labor work by automated machinery especially in harvest process can reduce the costs and improve the 

value creation significantly. Although this replacement of human workers with machines can be seen to have a 
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negative social impact but on the other hand it can be a motivation for these workers to turn from unskilled workers 

to skilled ones by training them on using these machines and encouraging them to plant wider areas which increases 

the size of the sector that will need more labor and more machines. This expectation about man-machine relationship 

is based on the fact that the modern industrial automation didn’t influence the labor employment in industry, on the 

contrary, it turned workers to skilled ones. The study is considered the first step of a long research that in the future 

will take into account the applications of olive oil and olive fruits for industrial and commercial purposes, such as 

food, soap and pharmaceutical industries. On the other hand, LCA was not discussed here in details because it requires 

a complete similar effort, this also will be tackled in future research work.  
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