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ABSTRACT 

Olive oil production is a key agro-food sector in Morocco, with olive 
cultivation serving as an essential socio-economic pillar. However, the 
olive milling process generates substantial quantities of biowaste, 
including olive pomace and olive mill wastewater, posing serious 
environmental and economic challenges. Ensuring the sustainable 
management of this waste throughout the olive oil production chain is 
therefore critical. This study, based on a survey of 855 individuals working 
in the olive oil industry in the Fez-Meknes region, aims to assess the 
extraction methods used, the quantity of waste generated, and the waste 
management practices adopted by local mills. It also explores potential 
applications and valorization pathways for olive oil by-products, 
intending to enhance sustainability, increase the value of these residues, 
and protect the environment. The findings indicate a trend toward 
modern extraction technologies, often combined with traditional methods 
to preserve oil quality. Olive oil yield ranges from 20% to 30%, depending 
on the extraction technique, while waste outputs consist of 40% to 50% 
solid waste and 50% to 70% liquid effluents. The study highlights 
promising applications for these by-products, including energy production, 
composting, and the development of high-value compounds. These 
alternatives could help reduce the environmental burden of olive mill 
waste and contribute to a circular bioeconomy. Nevertheless, 
implementation of efficient reuse and recovery strategies remains a 
significant challenge and an opportunity for increasing both 
environmental sustainability and economic returns in the sector. 

KEYWORDS: olive oil extraction technique; solid olive oil wastes; liquid 
olive oil wastes; olive oil wastes management 

INTRODUCTION 

Olive oil is a quintessential Mediterranean product with considerable 
economic significance within the European Union, both as a major 
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commodity of production and consumption. While it is primarily 
produced in Mediterranean countries, emerging producers in the 
Americas, Africa, and Australia are gaining increasing prominence [1]. 

In Morocco, olive oil is one of the most popular vegetable oils; it is 
extracted from olives, the fruit of Olea europaea [2]. Morocco is one of the 
largest producers of olive oil in Mediterranean countries [3], where olive 
cultivation is widespread. The country’s annual average olive oil 
production exceeds 1.07 million tons. The primary production regions 
include Fez-Meknes, Marrakech-Safi, Oriental, Beni Mellal-Khenifra, and 
Tanger-Tetouan-Al Hoceima [4]. 

A large volume of effluent is produced and concentrated within just a 
few months (from November to March), during which massive amounts of 
olive oil by-products are generated [5]. 

The large quantities of solid waste and liquid effluents generated may 
significantly affect the economic balance of this agro-industrial sector due 
to the costs associated with their proper disposal and treatment, or the 
adverse environmental impacts that may result otherwise [6,7]. 

Improper management of olive residues, such as olive mill wastewater 
(OMW) and pomace, poses serious environmental risks, including the 
contamination of rivers and groundwater. Implementing sustainable 
management can significantly reduce these adverse environmental 
impacts [8]. 

Consequently, the management of these residues has become a critical 
environmental challenge for olive oil industries. However, they also offer 
promising opportunities for the recovery and producing of value-added 
products [9,10].  

In recent years, a considerable number of olive by-product valorization 
methods have been studied to evaluate their potential for the energy and 
food industries [11–13]. For instance, wet pomace treatment facilities have 
been introduced to manage olive oil residues efficiently [14]. 

Alternatively, some practices adopted by olive oil mills suggest that 
olive mill wastewater (OMW) can also be considered a valuable resource. 
These practices include using OMW as a soil conditioner, biomass fuel, 
compost, or as a starting material to produce useful products such as 
antioxidants, enzymes, and biogas. Additionally, recycling and reusing 
process water for irrigation can be beneficial, provided that it meets 
acceptable water quality standards [15,16]. 

The main objective of this study is to collect information through a 
survey about olive oil extraction methods and waste management in the 
Fez-Meknes industrial region. Moreover, it aims to identify the strategies 
employed by olive oil industries to manage olive by-products.  

The primary objectives of this survey are threefold: The first objective 
is to systematically identify and characterize the diverse extraction 
techniques employed in olive oil production, the second goal is to quantify 
the volume and nature of waste generated by each olive oil extraction 
method, and the third aim is to assess the current waste management 
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practices adopted within the olive oil industry. Moreover, the study aims 
to investigate the valorization potential of olive oil by-products by 
exploring their possible applications across various sectors, including 
agriculture, energy, pharmaceuticals, and the food industry. This 
approach promotes sustainable and circular practices in olive oil 
production. 

MATERIALS AND METHODS 

Study Area 

The Fes-Meknes region encompasses 1,340,826 hectares of arable land 
for approximately 15% of Morocco’s total (Figure 1). It is recognized as one 
of the country's most productive agricultural regions [17]. Moreover, this 
region plays a leading role in Morocco’s agricultural sector. Olive 
cultivation alone covers more than 346,000 hectares. Notably, the 
provinces of Taounate and Taza are major centers of olive production, 
with cultivated areas of approximately 131,000 hectares and 55,000 
hectares, respectively [18]. 

In the autumn of 2023, national olive production was projected to reach 
1.07 million tons, mirroring the output of the previous season, despite 
severe water shortages. This forecast represents a 44% decrease from the 
record-high production of 1.9 million tons recorded in the autumn of 2021. 
Notably, 63% of the projected production is concentrated primarily in the 
Fes-Meknes region, which alone accounts for 27% of the total [19]. 

The region is home to over 4810 olive crushing facilities, with a total 
processing capacity of 768,591 tones. This infrastructure comprises 100 
two-phase units, 141 three-phase units, and 4,569 traditional units [20]. 

 

Figure 1. Map of the study area: Fes-Meknes region, Morocco, (3580 × 2064 pixels), JPEG. 
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Survey Methodology And Data Collection 

This survey analysis was carried out in the region of Fez-Meknes from 
December 2023 to March 2024, using face-to-face interviews. The 
questionnaire was distributed to individuals working in olive crushing 
units, also known as “mâasras”, including company managers, workers, 
and clients (as olive oil consumers), to gather information on olive 
crushing methods and the management of olive waste. 

The Data was collected in three localities in the region of Fez-Meknes: 

⚫ Taounate province, where the units are located in the municipalities 
of Taounate, Fennassa Bab El Hit, Bni Ounjel Tafraout, Tamedit, Thar 
Es-Souk (Mernissa), Bouhouda, Bni Oulid, and Kariat Ba Mohamed. 

⚫ Fez city, where industries are situated in the neighborhoods of Sefrou 
road, Ain Beda, and the industrial district of Dokkarat. 

⚫ Meknes region: the road between Fez-Meknes cities and M’haya. 

The questionnaire was methodically designed and structured into three 
main sections in order to comprehensively address the study's objectives. 
The first section focused on personal and professional information, 
including the informant’s gender, age, educational background, 
professional role, years of experience in the olive oil sector, and the 
operational duration of the oil mill.  

The subsequent section focused on olive oil extraction techniques, 
aiming to identify the methods used in the region. It also addressed the 
characteristics of the extracted oil, including its quantity, quality, and yield. 
Additionally, this section examined related factors, such as water 
consumption during the extraction process and the volume of waste 
generated.  

The third and final section concentrated on olive waste management 
practices. Participants were asked about the about of waste produced, its 
impact on the industry, existing regulations governing its disposal or 
treatment, current management methods, and the potential for its 
valorization in various applications. 

Data Analysis 

The data collected during the survey were analyzed statistically using 
SPSS software version 27.0. Both quantitative and qualitative descriptive 
analyses were performed, with results expressed as frequencies and 
percentages. In most tables, data are presented as percentages calculated 
from the total observations in each subgroup. For contingency tables, 
associations between variables were assessed using the chi-square test. 
When significant differences were found, Tukey’s post hoc test was used 
to identify homogeneous groups. Finally, correlation analyses based on 
simple linear regression were conducted for variables showing 
statistically significant differences (P ≤ 0.05). 
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RESULTS AND DISCUSSION 

Socio-Demographic Profile Of The Respondents 

Age distribution and gender identity of respondents 

A total of 855 individuals participated in the survey conducted across 
the Fez-Meknes region. The socio-demographic data collected provide 
insight into the profile of stakeholders involved in or connected to the 
olive oil industry. The survey revealed that although both men and women 
are involved in olive oil processing activities, a significant gender disparity 
exists in the workforce's demographic composition. 

The vast majority of the labor force is male, accounting for 86% of the 
total, while females represent only 14% (Figure 2). A study conducted in 
Spain demonstrated that this pronounced imbalance indicates that olive 
oil production in this region remains a male-dominated sector, likely due 
to a combination of cultural, social, and physical factors associated with 
the nature of the work [21].  

In terms of age distribution, the majority of respondents were aged 45–
54 years (36%), followed by those aged 55–64 years (23.2%), 35–44 years 
(21.4%), and then 18–24 years (11.7%). Participants aged 25–34 accounted 
for 6.7%, while those over 65 represented the smallest group (0.9%) (Figure 
3). These findings suggest that work in oil mills is physically demanding 
and requires a considerable energy expenditure and a relatively mature 
and experienced workforce, which may explain why the predominance of 
workers aged between 30 and 60 years, according to a study carried out in 
the north of Tunisia [22]. 

 

Figure 2. Gender distribution of respondents. 

 

Figure 3. Age distribution of respondents. 
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Educational attainment and vocational status of respondents 

Regarding the educational attainment of individuals employed in olive 
crushing units, the data indicate that a significant proportion of the 
workforce has relatively low levels of formal education. Specifically, 75.5% 
of respondents have minimal educational attainment, with 26.1% have 
completed secondary school, 25.4% have only primary education, and 24% 
have no formal education at all. In contrast, the remaining 24.6% of 
respondents have achieved higher levels of education, with 12.2% holding 
a high school diploma, 12.4% possessing a university degree or an 
equivalent qualification (Table 1). These findings suggest that the olive oil 
sector in the Fez-Meknes region largely relies on a workforce with limited 
academic training. This may have implications for the sector’s ability to 
adopt advanced technologies, implement good manufacturing practices, 
and carry out effective capacity-building initiatives. 

Among the 855 individuals interviewed in olive oil mills across the Fez-
Meknes region, 28.5% were the actual owners, underscoring the direct 
involvement of proprietors in day-to-day operations. The majority of 
respondents (54.3%) were workers, reflecting the labor-intensive nature 
of the sector. Additionally, 14.9% of the market, suggesting that a 
significant proportion of mills also function14.9% of respondents were 
customers, indicating that a significant number of mills also operate as 
service providers for third-party olive producers. 

Other professional roles, including drivers, technicians, receptionists, 
and company executives, were comparatively underrepresented, 
collectively constituting for less than 2.3% of the sample. This distribution 
suggests a limited presence of technical and administrative structures 
within the majority of mills. 

Table 1. Socio-demographic profile of the respondents. 

Variable Frequencies Percentage Cumulative percentage 

Education 

level 

No formal education 205.00 24.00 24.00 

Primary school 217.00 25.40 49.40 

Secondary school 223.00 26.10 75.40 

High school diploma 104.00 12.20 87.60 

University degree (Bachelor’s, Master’s, 

Engineering, Doctorate/Equivalent) 
106.00 12.40 100.00 

Professional 

role in the 

mill 

Business owner 244.00 28.50 28.50 

Worker in the company 464.00 54.30 82.80 

Customer 127.00 14.90 97.70 

Manager/Driver/Technician/Receptionist/Executive 

in the company 
20.00 2.30 100.00 

Duration of operation and establishment period of the mills 

The data indicate that a substantial proportion of the individuals 
employed in olive oil mills in the Fez-Meknes region possess considerable 
experience in the sector. Specifically, 42.9% of respondents reported 
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working in the mills for between four and eight years, while 36% had more 
than nine years of experience, reflecting a well-established and 
experienced workforce. A smaller proportion (9.4%) reported between 
one and three years of experience, whereas 11.7% had no direct 
experience working in the mills, potentially representing new entrants or 
external stakeholders. 

Regarding the operational duration of the mills themselves, the 
majority have been in operation for extended periods. The data show that 
mills operating for more than two decades represent the largest 
proportion, at 41.2%, followed by those active for ten to twenty years at 
39.1% Only 13.9% of the mills have been operating for one to ten years, 
while 5.8% of respondents did not specify the duration of operation- a 
category which may include recently established or informal structures 
(Table 2).  

These findings suggest that the olive oil milling sector in the Fez-
Meknes region is largely mature and historically well-established. 
Nonetheless, the data also point to opportunities for generational renewal 
and modernization within the industry. 

The number of years an olive oil mill has been in operation can 
significantly influence both the quality of the oil produced and the 
environmental impact of the extraction process [23]. Mills with longer 
operational histories often adopt technological upgrades aimed at 
improving extraction efficiency. Furthermore, a mill’s age is frequently 
associated with its water usage practices; older mills tend to rely on 
traditional methods that consume more water, whereas more recently 
established mills are more likely to implement modern, water-efficient 
systems [24–26]. 

Table 2. Duration of employment for workers and operational periods of mills. 

Variable  Frequencies Percentage Cumulative percentage 

Period of working in 
the mill 

1–3 years 80.00 9.40 9.40 
4–8 years 367.00 42.90 52.30 

9 years and more 308.00 36.00 88.30 
None 100.00 11.70 100.00 

Mill's operating 
duration 

1–10 years 119.00 13.90 13.90 
10–20 years 334.00 39.10 53.00 

20 years and more 352.00 41.20 94.20 
None 50.00 5.80 100.00 

Olive Oil Extraction Techniques 

Getting an overview of the most commonly used olive oil extraction 
methods in this industry was a key objective of this study. As illustrated in 
(Figure 4), the most frequently reported techniques are the traditional 
method (21%) and the two-phase extraction method (17%), with similar 
citation rates. A total of 16% of mills reported using a combination of the 
traditional, two-phase, and three-phase methods. Meanwhile, the 
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traditional method combined with the two-phase system accounts for 14% 
of responses. 

Comparable usage rates were observed for the two-phase combined 
with the three-phase method (12%) and the three-phase method alone 
(11%). The traditional method combined with the three-phase system is 
the least cited by only 9% of respondents. 

These findings are supported by the work of Clodoveo et al, who 
compared various mechanical extraction systems used for virgin olive oil 
production. Their study identifies two main categories of extraction 
systems: traditional discontinuous systems, which are increasingly 
considered obsolete and are being gradually phased out, and the more 
modern continuous systems, which have become the prevailing standard 
in contemporary olive oil production [27,28]. 

The latter (continuous systems) are characterized by their ability to 
process olives through either two-phase or three-phase extraction 
methods. In the two-phase system, the olive oil is separated from a mixture 
of solid residues and vegetation water, collectively referred to as pomace. 
In contrast, the three-phase system employs a centrifuge that separates the 
olive paste into three distinct components: oil, water, and pomace. 

The term “continuous system” refers to the fact that two of its three 
components (the crusher and the decanter) operate continuously. A 
typical continuous system consists of a mechanical crusher, a malaxer 
(mixer), and a horizontal centrifuge [29–31]. 

 

Figure 4. Variation in olive oil extraction methods across mills. 
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Technical and Operational Characteristics of Olive Oil Extraction 
Methods 

The information gathered from workers at olive oil mills regarding the 
specific characteristics of each extraction method is summarized as 
follows (Figure 5): 

Extraction time: The three-phase system exhibited the longest mean 
extraction time (7.95%), closely followed by the two-phase system (7.81%). 
In contrast, the combination of traditional pressing and a two-phase 
system resulted in the shortest extraction time (6.12%), indicating that 
hybrid methods offer superior processing efficiency. Advances in olive oil 
extraction technologies continue to streamline the process, reduce 
extraction time, and increase the throughput of processed olives [32]. 

Yield: The two-phase system achieved the highest yield (7.1%) among 
the evaluated methods, outperforming the traditional pressing method 
(6.43%). Despite being an older technique, the traditional method may still 
contribute effectively to oil extraction efficiency. In contrast, the three-
phase system produced a significantly lower yield (6.07%), potentially due 
to the absence of high-pressure pressing, an element characteristic of 
traditional methods that may enhance oil recovery. 

According to the study conducted by Preziuso et al, the results 
demonstrated that the yields obtained through various extraction 
methods were satisfactory. No statistically significant differences in oil 
yield and quality were observed across the different crushing equipment 
used [33–35]. 

Waste Generation: The two-phase extraction method generated the 
highest amount of waste (7.10%) compared to the other methods. The 
traditional extraction method also produced a substantial amount of 
waste (6.47%), though less than the two-phase system. In contrast, the 
three-phase systems generated the least (5.46%), outperforming both the 
two-phase and traditional methods in this regard. Various studies have 
compared the waste outputs of different extraction techniques, suggesting 
that the two-phase system strikes a compromise, reducing liquid waste 
while increasing the proportion of solid waste [15,36]. 

Operational cost: There is a notable difference in operational cost 
between the traditional extraction method (6.52%) and most other 
methods, except the two-phase (7.26%) and three-phase (5.76%) systems. 
From a cost perspective, traditional pressing systems present several 
advantages over alternative olive oil extraction techniques. From a cost 
perspective, traditional pressing systems present several advantages over 
alternative olive oil extraction techniques. These include lower capital 
investment requirements, the use of simple and reliable machinery, 
reduced electricity consumption, and, consequently, lower overall energy 
demands [37–39]. 

Water consumption: There is a significant difference in water 
consumption between the traditional method (6.29%) and the two-phase 
(6.62%) and three-phase extraction methods (5.31%). Notably, the 
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traditional process exhibits considerably higher water usage compared to 
most other extraction techniques. The choice of extraction method 
significantly plays a crucial role in determining both water consumption 
and the associated environmental impact. Comparative analyses 
consistently identify the two-phase centrifugation system as the more 
environmentally sustainable option, owing to its lower water 
requirements, reduced wastewater production, and diminished pollution 
load [15,40]. 

 

Figure 5. Key differences among olive oil extraction methods. 

Olive Oil Properties By Extraction Method 

The survey provided valuable insights into the characteristics of olive 
oil obtained through various extraction processes. Findings indicated that 
the traditional method yielded the highest quality oils, accounting for 19.3% 
of the total. In terms of oil yield, the most effective performance was 
observed in mills employing a combination of traditional, two-phase, and 
three-phase systems. This integrated approach also proved superior in 
preserving the organoleptic characteristics of the oil, with a preservation 
rate of 14.8%, compared to other extraction methods (Table 3).These 
results are broadly consistent with those reported in previous studies 
conducted by Hammadi Chimi et al, who suggest that olive oil extraction 
using traditional pressing methods can yield high-quality, cold-pressed oil, 
provided that proper manufacturing and hygiene practices are 
maintained [41,42]. Conversely, the three-phase centrifugation system 
typically produces oil with lower levels of natural antioxidants, which are 
beneficial for human health. In contrast, the two-phase extraction method 
tends to produce olive oil with higher antioxidant content, although it may 
sometimes result in an overly bitter taste. Additional research on the 
impact of extraction technologies on oil yield and quality has shown that, 
when healthy and fully ripe olives are used, all systems are capable of 
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producing high-quality oil. However, they are particularly effective in 
minimizing the risk of organoleptic defects. Moreover, recent 
advancements in centrifugal decanter technology, specifically systems 
that require little to no added water during processing, have been shown 
to reduce thermal energy consumption. The resulting oil typically has a 
fruitier flavor and a higher concentration of phenolic compounds, 
enhancing both its sensory and nutritional properties [43–45]. 

Table 3. Characterizations of oil extracted by each olive oil extraction method. 

 

Olive oil extraction methods 
Traditional 

pressing 
system 

Two-
phase 

system 

Three-
phase 

system 

Traditional 
pressing system 

& two-phase 
system 

Traditional 
pressing system 
& three-phase 

system 

Two-phase 
system & 

Three-phase 
system 

Traditional 
pressing system, 

two & three-
phase system 

Percentage% 
Oil 

characterization 
Quality of oil 19.30 15.20 9.00 13.50 8.70 11.20 16.00 

Oil yield 14.20 12.50 8.70 13.40 8.10 10.80 14.50 
Organoleptic  13.60 14.00 9.00 13.70 8.20 10.80 14.80 

Oil Yield and Waste Generation Across Different Olive Oil Extraction 
Methods 

To assess the oil yield associated with each extraction method, survey 
results indicate that all three olive oil extraction techniques produce a 
similar oil yield ranging between 20% and 30%, a value notably higher 
compared to other methods (Table 4).  

Likewise, the percentage of waste generated by each method is 
comparable, falling within the 50% to 60% range (Table 5), with 
consistently high but slightly variable values. 

Table 4. Comparison of oil yield across different olive oil extraction methods. 

 

Olive oil extraction methods 

Total 
The traditional 
pressing system 

The two-phase 
system 

The three-phase 
system 

 
Less than 10% 

n 36.00 32.00 29.00 70.00 
 %  4.20 3.70 3.40 8.20 
 

10%-20% 
n 277.00 202.00 176.00 446.00 

Oil yield 
%  32.40 23.60 20.60 52.20 

20%-30% n 1148.00 1211.00 925.00 1931.00 
 %  134.30 141.60 108.20 225.80 
 More than30% n 69.00 76.00 55.00 118.00 
 %  8.10 8.90 6.40 13.80 

Total n 510.00 507.00 395.00 855.00 
%  59.60 59.30 46.20 100.00 

Note: Percentages are computed from the total sample (N = ...). Since response categories are not mutually 
exclusive, the cumulative percentage may surpass 100%. 

These outcomes reflect the transition from the traditional batch press 
method to modern continuous centrifugation-based processes in olive oil 
production, which have significantly improved overall efficiency. The two 
and three-phase centrifugation systems, in particular, allow for higher oil 
recovery, reaching up to 21%, but also generate larger volumes of 
wastewater due to the additional water used during centrifugation. On 
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average, 100 kg of olives yield approximately 20 kg of oil, regardless of the 
extraction method. However, the quantity and composition of residual by-
products vary with the specific system employed [46,47]. 

Table 5. Waste generation rates generated by each olive oil extraction method. 

 

Olive oil extraction method 

Total 
The traditional 
pressing system 

The two-
phase system 

The three-phase 
system 

 
Less than 20% 

n 39.00 34.00 27.00 81.00 
 %  4.60 4.00 3.20 9.50 

 
20%-30% 

n 182.00 90.00 95.00 244.00 
 %  21.30 10.50 11.10 28.50 

Percentage 
of waste 30%-50% 

n 179.00 138.00 110.00 339.00 
%  20.90 16.10 12.90 39.60 

 
50%-70% 

n 996.00 1103.00 83.00 1690.00 
 %  116.50 129.00 98.10 197.70 

 
More than 70% 

n 134.00 156.00 114.00 211.00 
 %  15.70 18.20 13.30 24.70 

Total n 510.00 507.00 395.00 855.00 
%  59.60 59.30 46.20 100.00 

Note: Percentages are computed from the total sample (N = ...). Since response categories are not mutually 
exclusive, the cumulative percentage may surpass 100%. 

Water Consumption Per Ton of Olives During the Crushing Process 

The findings of this investigation revealed that the volume of water 
used during the crushing process ranges between 800 and 1000 liters per 
ton of olives, representing approximately 65.85% of the total water used 
in the process (Figure 6). To reduce overall water consumption, some olive 
mills have adopted water recycling systems. 

 

Figure 6. Water consumption per ton of olives during the crushing process. 

The two-phase continuous extraction system is often considered more 
environmentally friendly due to its lower water requirements. It typically 
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uses only 0.1–0.12 m³ of washing water and 0.5–1 m³ of fresh water per ton 
of olives processed in the decanter [24,48]. In contrast, the three-phase 
extraction system is still employed in certain rural areas where water 
conservation is not prioritized [49]. 

Proportion Of Solid And Liquid Waste Generated Per Ton Of Olives 

The results of the questionnaire indicate that the percentage of solid 
waste generated per ton of olives ranges between 40% and 50%, with an 
average value of 70.64% reported (Figure 7). In comparison, the amount of 
liquid waste produced per ton ranges from 50% to 70%, with an observed 
average of 52.63% (Figure 8). The higher proportion of liquid waste can be 
attributed to the significant volume of water used during the olive 
crushing process. Olive oil production generates substantial quantities of 
both solid and liquid residues, with the exact amounts depending on the 
extraction method employed. For instance, traditional pressing yields 
approximately 0.4 tons of solid waste and 0.5–0.6 m3 of liquid waste (olive 
mill wastewater) per ton of olives processed. In the three-phase 
centrifugation system, the output is divided into three fractions: solid olive 
pomace (0.4–0.5 tons/ton), and liquid fractions consisting of oil and 
wastewater (0.85–1.2 m3/ton). Conversely, the two-phase system produces 
only two fractions: oil and a solid-liquid mixture with a combined output 
of 0.8–0.95 tons per ton of olives processed [50–52]. 

 

Figure 7. Percentage of solid waste generated per ton of olives. 
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Figure 8. Olive mill wastewater generated per ton of olives processed. 

Daily Waste Generation In Olive Oil Processing Industries 

When surveyed about the daily amount of waste generated by the 
industrial oil sector, the majority of respondents (79.6%) reported 
producing a moderate quantity of waste. In contrast, 17.3% indicated a low 
quantity, and only 3.0% reported a high quantity, regardless of the 
extraction method used. 

Interestingly, a moderate level of waste generation was consistently 
identified as the most common across all processing methods (Table 6). 
Specifically, 57.7% of respondents using the traditional method reported 
moderate waste, compared to 83.8% using the two-phase system and 84.8% 
using the three-phase system. For those combining extraction methods, 
93.4% reported moderate waste with the traditional and two-phase system, 
93.2% with the traditional and three-phase system, and 90.9% with the 
two- and three-phase combination. Finally, 73.4% of respondents using a 
combination of traditional, two-phase, and three-phase systems also 
indicated moderate waste levels. These results highlight the 
predominance of moderate waste generation in the sector, regardless of 
the technological combination used in the extraction process. 

To further clarify this data, a typical modern olive oil factory generates 
between 10 and 15 m³ of olive mill wastewater (OMW) per day from the 
extraction process, in addition to approximately 1 m³ of olive washing 
wastewater (OWW) for each ton of olives processed. On an annual scale, 
this results in the production of several million cubic meters of effluents, 
underscoring both the highly contaminating nature of these wastewaters 
and the significant consumption of potable water involved in olive oil 
production [46]. 

This observation is consistent with findings from other studies, which 
also report that the volume of waste generated varies depending on the 

https://doi.org/10.20900/jsr20260021


 
Journal of Sustainability Research 15 of 29 

J Sustain Res. 2026;8(1):e260021. https://doi.org/10.20900/jsr20260021  

extraction method employed. A medium-sized mill, processing 10 to 20 
tons of olives per day, typically produces between 0.5 and 1.5 m3 of 
wastewater per ton of olives. Importantly, olive oil constitutes only about 
20% of the olive's total mass, while the remaining 80% is considered waste, 
further highlighting the environmental burden associated with the 
extraction process [53–56]. 

Table 6. Daily waste output by olive oil extraction method. 

 
The quantity of waste generated in the industry 

Total High Medium Low 
 

Traditional pressing system 
n 61.00 105.00 16.00 182.00 

 %  33.50 57.70 8.80 100.00 
 

Two-phase system 
n 19.00 124.00 5.00 148.00 

 %  12.80 83.80 3.40 100.00 
 

Three-phase system 
n 12.00 78.00 2.00 92.00 

 %  13.00 84.80 2.20 100.00 
Olive oil 

extraction 
methods 

Traditional pressing system & 
two-phase system 

n 7.00 113.00 1.00 121.00 
%  5.80 93.40 0.80 100.00 

Traditional pressing system & 
three-phase system 

n 5.00 69.00 0.00 74.00 
 %  6.80 93.20 0.00 100.00 
 Two-phase system & Three-

phase system 
n 7.00 90.00 2.00 99.00 

 %  7.10 90.90 2.00 100.00 
 Traditional pressing system, 

two & three-phase system 
n 37.00 102.00 0.00 139.00 

 %  26.60 73.40 0.00 100.00 
Total n 148.00 681.00 26.00 855.00 

%  17.30 79.60 3.00 100.00 

Differences In Waste Characteristics By Olive Oil Extraction Method 

The variance in waste characteristics across extraction methods was 
statistically confirmed by Tukey’s post hoc test. The analysis identified 
homogeneous subsets with significant differences (p < 0.05). These results 
highlight the strong impact of extraction technology on the nature of olive 
mill waste. Among the most frequently reported was the quantity of 
valuable substances present in the waste (Figure 9). When comparing the 
average values of this parameter, the traditional pressing system showed 
the highest concentration (1.38 ± 0.46), followed closely by the two-phase 
system (1.32 ± 0.04). The three-phase system yielded a slightly lower 
average (1.20 ± 0.06), while the combined system, which integrates 
traditional pressing with both two- and three-phase techniques, had the 
lowest average value (1.19 ± 0.05). 

In contrast, the lowest values for valuable substance content were 
observed in the combined two- and three-phase system (1.16 ± 0.052), 
followed by the traditional system (1.14 ± 0.046), and the traditional system 
combined with the two-phase system (1.13 ± 0.051). 

  

https://doi.org/10.20900/jsr20260021


 
Journal of Sustainability Research 16 of 29 

J Sustain Res. 2026;8(1):e260021. https://doi.org/10.20900/jsr20260021  

Regarding moisture content, waste from the traditional system (1.33 ± 
0.041) and the two-phase system (1.24 ± 0.041) showed significantly higher 
levels compared to other methods. In contrast, the three-phase system 
(1.18 ± 0.047) and the combined system incorporating traditional pressing 
with both the two and three-phase methods (1.14 ± 0.042) exhibited 
moderately lower moisture content. The lowest moisture values were 
recorded in the combined two- and three-phase system (1.07 ± 0.046), the 
traditional system coupled with the three-phase system (1.05 ± 0.043), and 
the traditional system combined with the two-phase system (1.02 ± 0.046). 

 

Figure 9. Characteristics of waste generated by different olive crushing methods. 

Finally, the size and shape of the waste vary depending on the 
machinery and compressors used during extraction, resulting in by-
products with different diameters and morphological characteristics. The 
highest value for this parameter was observed in both the traditional 
system and the three-phase system (1.14 ± 0.039), followed by the two-
phase system (1.09 ± 0.033). Slightly lower values were recorded for the 
combined two- and three-phase system (1.07 ± 0.037) and the traditional 
system combined with both the two- and three-phase methods (1.06 ± 
0.033). The lowest values were associated with the traditional system 
combined with the two-phase system (1.02 ± 0.041) and the traditional 
system coupled with the three-phase system (1.00 ± 0.037). 
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A similar study supporting our research findings on the 
characterization of solid olive mill waste demonstrated that the moisture 
content of solid residue fractions varies significantly depending on the 
olive oil extraction technology used. Specifically, the two-phase olive mill 
waste is a thick sludge composed of olive fruit pulp and olive mill 
wastewater, with a moisture content ranging from 55–70%, which is 
substantially higher than that of waste from traditional press systems (20–
25%) and the three-phase olive residues (40–45%).  

The concentration of valuable substances in olive mill waste is 
influenced by multiple factors, including olive variety, cultivation 
practices, and the extraction method itself. Notably, the extraction 
technique alters the composition of solid residues, leading to distinct 
differences between the two-phase and three-phase centrifugation 
processes. Due to its lower moisture content, three-phase pomace typically 
holds higher commercial value compared to that obtained through the 
two-phase process. This value is primarily determined by the residual oil 
and water content [12,57–59]. 

Challenges And Impacts Of Waste On The Olive Oil Industry 

According to responses from mill workers, the waste generated by the 
olive oil production process presents several challenges, primarily related 
to costs, hygiene concerns, and labor requirements (Figure 10). Despite 
these issues, the overall impact of this waste on the industry is currently 
perceived as minimal and non-threatening. In fact, a significant 
proportion of respondents (58.91%) view the waste as an economic 
opportunity, particularly as a potential source of additional income. 

Conversely, when waste is regarded as a loss due to the difficulties of 
disposal and obstacles in production, it is seen as a concern by a much 
smaller portion of workers, representing only 9.06% and 5.65% of 
responses, respectively (Figure 11). 

 

Figure 10. Effects of olive waste management challenges on industry performance. 
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Figure 11. Perception of olive wastes. 

Current Treatment Methods For Olive Oil Mill Waste 

The results of this study indicate that the majority of olive oil mills 
manage their waste either by utilizing it as an energy source (34%) or by 
storing it in evaporation tanks (34.8%) (Figure 12). Composting is the third 
most common method, employed by 21.5% of the mills, while direct 
disposal as waste remains relatively uncommon, accounting for only 9.7%. 

These findings are consistent with those reported by Erses Yay et al., 
who conducted a survey on olive oil mill wastewater (OMW) management 
practices in Turkey. Among the mills lacking treatment facilities, the 
majority (99 mills) employed evaporation lagoons, while 13 mills 
discharged wastewater directly into natural water sources or municipal 
sewage systems. Only five mills repurposed OMW for fertilizer or 
irrigation purposes. Across the entire surveyed population, just three mills 
were equipped with adequate treatment units, and 29 did not respond to 
the survey [60]. 

Several studies have shown that managing olive oil by-products 
remains difficult due to various factors. A key problem is the improper 
disposal of olive mill wastewater (OMW), which is often discharged 
directly into poorly designed evaporation ponds, contaminating soils and 
water sources [37]. 

Moreover, the construction and operation of waste treatment facilities 
can be prohibitively expensive, particularly for small and medium-sized 
enterprises. In addition, organic compounds commonly found in olive oil 
waste, such as phenolic compounds and fatty acids, are resistant to 
biodegradation.  

Addressing the environmental impacts of olive oil waste is essential to 
safeguarding key local resources, including water, soil, energy, and raw 
materials [61]. Within the frameworks of the circular economy and 
bioeconomy, these by-products can be converted into valuable resources. 
Valorization opportunities include the production of bioenergy, biofuels, 
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bio-fertilizers, and purified water, as well as the development of bio-based 
materials, functional food ingredients, and compounds for 
pharmaceutical and cosmetic applications [62,63]. Current utilization data 
indicate that 80% of olive oil waste is used for energy production (47% for 
electricity and 33% for thermal energy), while 14.3% is directed toward 
composting or direct field application. Landfilling accounts for 0.7%, and 
approximately 5% is used as animal feed [63]. 

 

Figure 12. Waste treatment strategies and techniques in the olive oil industry. 

Collaborative approaches to enhancing olive oil waste management  

The survey results indicate that industries have established various 
collaborations and partnerships with local authorities and other 
stakeholders to improve olive oil waste management (Figure 13). 
Industrial companies represent the largest share of these partnerships, 
accounting for 39%, followed by government bodies at 33% and local 
organizations at 21%.  

Other stakeholders contribute to a lesser extent, including RADEEF 
(Autonomous Intercommunal Authority for Water and Electricity 
Distribution of Fez) and universities (each 2%), as well as research centers, 
the Association of Olive Mills, and STAM (Moroccan Agricultural Works), 
each accounting for 1%.  

In a related study, Donner et al examined strategies and socio-economic 
conditions for the valorization of olive oil waste and by-product in the 
Mediterranean region, guided by circular bioeconomy principles. Their 
research assessed government policies, corporate and agricultural 
strategies, and consumer perceptions through methods such as case 
studies and surveys. The findings underscore a growing commitment to 
sustainability within the olive oil sector, highlighting the emergence of 
innovative practices in waste valorization. The study emphasizes the 
importance of a unified regulatory framework, public financial support, 
new circular business models, multi-actor collaboration, and enhanced 
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consumer awareness to promote more efficient and sustainable use of 
olive resources [64]. 

 

Figure 13. Inter-Mill collaborations and partnerships for olive oil waste management. 

Local, National, And International Regulations Governing Olive Oil 
Waste Treatment At The Oil Mills 

Most olive oil mills comply with local or national regulations related to 
waste treatment (Table 7), with 39.0% of businesses adhering specifically 
to ISO 14001 environmental management standards. Additionally, 36.8% 
of mills follow laws established by environmental associations, such as 
those focused on waste management and sustainable development. Law 
No. 28-00, promulgated by Dahir No. 1-06-153 of 30 Shawwal 1427 (22 
November 2006), which governs waste management and disposal, is cited 
by 19.0% of respondents. The ONSSA (National Office for Food Safety) 
regulations are the least referenced, mentioned by only 5.3%. This pattern 
reflects the Moroccan government’s growing emphasis on environmental 
protection through regulatory and institutional frameworks addressing 
waste management challenges. Key national initiatives include the 
National Strategy for Sustainable Development 2030 and the Green 
Morocco Plan, launched in 2008, both of which underscore a commitment 
to sustainable resource management. Specifically, Law No. 28-00 promotes 
waste reduction and recovery of by-products, including those generated 
by the olive oil sector [65]. In contrast, the European Union has yet to adopt 
a unified legislative framework for olive oil waste treatment. While 
several member states have implemented individual regulations, 
particularly concerning olive mill wastewater, these measures vary 
widely and often do not comprehensively address all categories of olive oil 
waste or by-products [66]. 
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Table 7. The regulations and standards for olive oil mills regarding waste treatment. 

Regulations n % Percentage of observations 
ISO 14001 standards 696.00 39.00 82.80 
Dahir No 1_06_153 of 30 Chaoual 1427/22 Nov 2006 339.00 19.00 40.30 
Laws issued by environmental associations 656.00 36.80 78.00 
ONSSA 94.00 5.30 11.20 
Total 1785.00 100.00 212.20 

Note: Percentages are computed from the total sample (N = ...). Since response categories are not mutually 
exclusive, the cumulative percentage may surpass 100%. 

Strategies And Methods for Waste Treatment and Management 

Waste treatment and management strategies can be categorized into 
two principal approaches: (1) the allocation of dedicated personnel for 
implementing waste treatment practices, and (2) the development of 
specialized waste treatment facilities (Table 8). To assess the relationship 
between these two variables, a statistical test of independence was 
performed. The results revealed a statistically significant association (p-
value < 0.001), indicating a non-random relationship between staffing and 
infrastructure planning. Specifically, 35.1% of respondents reported 
“Partially, we have staff members involved in waste management”, which 
corresponded notably with the response “We are in the study phase to 
evaluate,” selected by 49.4% of the total. 

Table 8. The independence of waste management strategies. 

Dedicated team for waste treatment              Construction of waste treatment facilities Spearman’s rho 

 

Construction of waste treatment facilities Total 
Correlation 
coefficient P (value) 

Yes Non We are in the 
study phase to 

evaluate 

We are considering 
partnerships with 

treatment facilities 

   

Do you have 
a dedicated 

team for 
waste 

treatment 

Yes 
n 125.00 15.00 4.00 0.00 144.00 

0.69 0.001 

% 14.60 1.80 0.50 0.00 16.80 

Non 
n 20.00 220.00 44.00 0.00 284.00 

% 2.30 25.70 5.10 0.00 33.20 
Partially, we have 

staff members 
involved in waste 

management 

n 13.00 104.00 300.00 4.00 422.00 

% 1.50 12.20 35.10 0.50 49.40 

In development, we 
are working on 
forming a team 

n 2.00 2.00 1.00 0.00 5.00 

% 0.20 0.20 0.10 0.00 0.60 

Total n 160.00 341.00 349.00 4.00 855.00 
  

% 18.70 39.90 40.80 0.50 100.00 

In this context, similar studies have investigated the strategies adopted 
by olive oil industries to derive value from olive waste and by-products 
through circular bioeconomy approaches. 
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These circular business models seek to optimize the use of olive trees 
beyond conventional value creation practices. The emphasis lies on 
identifying economic drivers and mechanisms for value creation, 
particularly the pathways through which olive waste can be transformed 
into new value propositions [67].  

Moreover, these models encompass the development of essential 
infrastructure, integrating key activities, resources, and partnerships, 
alongside considerations of the value proposition, cost structure, and 
revenue streams [68]. 

Potential Applications Of Olive By-Products 

The findings from the studied region revealed a diverse range of 
potential applications for olive oil by-products. Among these, energy 
production from olive pomace and evaporated olive mill wastewater 
ranked highest, accounting for 25.83% of reported uses. Soap production 
followed closely at 24.86%, attributed to the high fat and lipid content of 
olive-derived materials. Recycling for the development of new or 
enhanced products constituted 24.22%, while agricultural applications, 
such as composting and irrigation, represented 23.85%. In addition, the 
study identified several other, less common applications across various 
sectors, each reported at relatively low frequencies (ranging from 0.04% 
to 0.37%). These included uses in boilers, brick manufacturing, pomace oil 
extraction, thermal insulation, food preservation, cigarette filters, biofuel 
and biogas production, construction materials, and livestock feed (Figure 
14). Supporting these findings, Şahin et al regard olive industry by-
products as a low-cost, renewable resource with significant valorization 
potential [2]. Of particular interest is the extraction of high-value 
compounds for use in the production of dietary supplements, 
nutraceuticals, functional food ingredients, or cosmeceuticals [69], 
Similarly, Italian and Sicilian industries aim to provide an overview of life 
cycle assessment (LCA) in the olive oil production sector to highlight the 
main features of previous studies and to evaluate the application of LCA 
as a supply chain–focused management tool in this specific sector [1]. 
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Figure 14. Valorization Potential of Olive Oil By-Products. 

CONCLUSION 

The surveys conducted across more than 50 olive oil industries in the 
Fez-Meknes region provided comprehensive insights into olive oil 
extraction methods waste management practices. 

These findings represent a valuable resource for understanding the 
operational landscape of the olive oil sector, particularly concerning 
extraction processes, the resulting oil quality, and the volume and types of 
waste produced. Furthermore, the study offers critical information on the 
treatment and management strategies employed for olive pomace and 
olive mill wastewater. 

The results underscore the region’s significant olive oil production, 
which consequently generates large volumes of waste varying according 
to extraction techniques and technologies used. This allowed for the 
identification and analysis of various waste valorization pathways and 
management strategies, as well as the exploration of potential applications 
to increase the added value of these by-products. 

Effective waste management presents important socio-economic 
opportunities, particularly through the recovery of materials and energy. 
As such, it should be considered an integral component of broader urban 
development and sustainability planning. In recent years, the principles 
of the circular economy and residue valorization have gained increasing 
attention for their potential to reduce waste generation, preserve natural 
resources, improve production efficiency, and convert by-products into 
value-added outputs. These approaches not only promote environmental 
sustainability but also contribute to the transition toward a more resilient 
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and resource-efficient economy. A key challenge moving forward is to 
harness the nutritional and functional potential of olive oil industry 
residues before their degradation, thereby maximizing their economic 
and environmental value. 
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