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PRELIMINARY COMMUNICATION

Summary

Olive, as a fruit, cannot be consumed directly due to the oleuropein substance it 
contains and needs to be processed into either table olives or olive oil through vari-
ous production systems. Th e process of olive oil extraction results in olive oil as the 
main product, and two by-products, with olive pomace being one and brown-col-
oured Olive Mill Wastewater (OMWW) as the other. OMWW has no direct use and 
it is usually discharged directly to soil, small rivers, lakes or sea, resulting in potential 
contamination of the environment. Turkey is the fourth largest olive producing coun-
try in the world and fi ft h in olive oil production. Turkey produces approximately 891 
393 tonnes of OMWW on average per two years using the current mill production 
technologies, and hence faces the problem of OMWW. Th is study proposes and dis-
cusses various solution alternatives to overcome the problem of OMWW in Turkey. 
Th e results of this study aim to contribute to the ongoing eff orts in resolving this 
problem by the olive industry and to aid policy making to tackle this important issue.
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Introduction
Olive is grown in nearly 40 countries in the Mediterranean 

or under the Mediterranean climate (FAO, 2011). EU countries 
such as Spain, Italy, Greece, Portugal and France are signifi cant 
producers of olive oil, with their overall production constituting 
60% of the world’s olive production, 40% of table olive produc-
tion and 80% of olive oil production. Tunisia, Turkey and Syria 
are other important olive producer countries of oil (IOC, 2011). 
Adoption of healthier diets in many parts of the world has result-
ed in an increased interest in the adoption of the Mediterranean 
way of eating olives and consuming olive oil, and hence increased 
demand for this fruit.

Th ere are several systems that could be used to extract olive 
oil. Whatever process is used, a dark brown-coloured substance 
named Olive Mill Wastewater (OMWW) is obtained as a by-
product. Due to its environmental hazards, OMWW is a prob-
lem acknowledged by many olive-oil producing countries and 
the solution to this problem requires that political and economic 
measures are put in place (Tunalıoğlu et al., 2008). In this paper, 
the problem of OMWW in Turkey is described and some so-
lution alternatives are discussed. In what follows, a brief back-
ground on OMWW is provided.

Olive Oil Production Systems and Olive Mill 
Wastewater (OMWW)
Olive cannot be consumed directly due to the oleuropein it 

contains. It therefore needs to be processed into table olives or 
olive oil through various production technologies. Th ere are a 
number of ways of extracting olive oil, ranging from the more 
traditional (classical) press-based techniques to more modern 
two- and three-phase systems. Modern methods are based on 
principles of centrifugation, percolation and combinations there-
of (Yemişçioğlu et al., 2001). Table 1 presents a tabulated clas-
sifi cation of these systems.

Th e process through which olive oil is produced results in a 
number of by-products that are potentially harmful to the en-
vironment. One of such by-products is pomace, which can be 
re-processed as oil and used as raw material in food, or in in-
dustrial and energy sectors. Th e other by-product is OMWW, 
the composition of which varies with respect to the system it is 
produced under, but usually consists of water (83–92%) that is 
used as input to the various stages of olive oil production sys-
tems, organic matter (4–16%) and minerals (1–2%). OMWW has 
high salinity, low acidity and it is rich in matters such as N, P, 
K and Mg (Niaounakis et al., 2006; Şengül et al., 2002). Despite 
this fact, however, the OMWW is still considered a major prob-

lem and it is not yet considered to be reusable in a sustainable 
way unless treated.

Uncontrolled and direct use of OMWW on land (e.g., as oft en 
done in irrigation) is undesirable due to its highly phytotoxic 
content, which may have detrimental consequences on soil mi-
crobial populations (Paredes et al., 1987; Roig et al., 2006). Recent 
evidence suggests that long-term and intensive use of OMWW 
for irrigation would leave fi elds more prone to groundwater 
contamination (Mahmoud et al., 2010). Discharging OMWW 
into sea, either directly or indirectly, is also not an option given 
as it would pollute the water posing a threat to the aquatic life 
(Akdemir and Ozer, 2008).

Signifi cant olive producing countries prefer the modern (con-
tinuous) systems to extract oil. For example, while Spain uses a 
two-phase system, Greece and Italy have the three-phase system 
in place. Th e two- and three-phase production systems are simi-
lar in the steps involved. Th e fundamental diff erence between 
the two is in the output; whereas three-phase system results in 
pomace and OMWW separately, the OMWW in the two-phase 
system is a mixed solid-liquid waste consisting of pomace and 
OMWW. It has been suggested that the use of the two-phase 
system yields up to 20% energy reductions and savings of 80% 
in water usage over the three-phase system (Azbar et al., 2004). 

OMWW in Turkey
Olive trees grow in 41 cities and in seven geographic districts 

of Turkey. Aegean region has the highest amount of olive pro-
duction, followed by the Marmara, Mediterranean and South 
East regions. Figure 1 shows the cities in Turkey ranked by their 
olive production and indicates that the province with the most 
production (25%) is Aydın shown as number 1 in the map. Th is 
is followed by İzmir (14%), Muğla (9%), Balıkesir (8%) and Bursa 
(5%). Increased fi nancial support from the Turkish government 
for olive production since 2000 has resulted in olive fi elds expand-
ing by 26% in the country, which has also increased the number 
of olive trees planted and the amount of olives grown. Th is con-
tinuing growth also implies increase in the amount of olive for 
olive oil, olive oil and OMWW produced in the near future.

Latest statistics show that 1 250 olive oil production facili-
ties are in operation in Turkey and most of these are already 
using the three-phase system. Table 2 presents statistics on the 
amount of olive (for olive oil) and OMWW production in vari-
ous provinces in Turkey. It can be seen from Table 2 that the 
amount of OMWW produced by these facilities is substantial 
and therefore poses a serious problem to the country (TBMM, 
2006). Th is issue is one still waiting to be resolved, both under 

Classical Systems Modern Systems Combined Systems 
1. Vice (Press) 
2. Pressing 
a.  Super Press 
b.  Hydraulic Press  

1.  2 Phases Systems 
2.  2½ Phases Systems 
3.  3 Phases Systems 

1.  Percolation-Pressing Combined 
2.  Percolation-Centrifugal Combined 
3.  Pressing-Centrifugal  Combined  
4.  Binary Centrifugal 

Source. Adapted from Yemişçioğlu et al., 2001. 

Table 1. Olive oil extraction systems
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the European Union’s harmonization eff orts, and the under the 
new regulations of the Turkish Environmental Law.

Th e current practice with managing OMWW in Turkey is 
that it is either discharged into the environment (e.g., lakes, 
small rivers, sea or soil) or collected in lagoons that form part of 
many olive mills, left  for natural evaporation. Th e discharge of 
OMWW into the environment is a major problem in the coun-

try. For this reason, the Ministry of Environment and Forestry 
has put strict policies in place to control and fi ne such hazard-
ous practices (Tunalıoğlu, 2010). Th e olive mills themselves also 
acknowledge this problem but have little resources to deal with 
and properly dispose of OMWW. For this reason, more needs 
to be done to solve this problem in a collective manner, which 
requires fi nancial support from the government. Although re-
search and development activities are underway for the reuse of 
OMWW, as, for example, biofuel and animal feed (Tunalıoğlu 
and Armağan, 2008; TBMM, 2008), but these eff orts are not yet 
at a level to tackle the problem fully and satisfactorily. 

Th e next section discusses some possible solution alterna-
tives for the problem of OMWW in Turkey.

Discussion
Several possible solution alternatives for disposal or treat-

ment of OMWW in Turkey are detailed below:
1. A traditional and conventional method is the use of lagoons 

in which OMWW is kept until it naturally evaporates. Th is 
method is particularly applicable in countries where a suf-
fi ciently warm climate allows for natural evaporation, as in 
Turkey. Although lagoons only require minimal investment 
cost, they are not an effi  cient and a desirable way for OMWW 
disposal for several reasons. Apart from the obvious space 
requirements, OMWW kept in a reserve for prolonged pe-
riods of time would potentially lead to ground contamina-
tion unless the lagoon is properly fi tted. A further problem 
issue would be the growing odour, which would provide for 

 
The Important Olive for Olive 
Producer Provinces 

Olive for Olive Oil 
Production (t) 

OMWW* 
(t/year) 

Aydın 159 985 159 985 
Balıkesir 115 628 115 628 
Çanakkale 54 772 54 772 
Hatay 104 098 104 098 
İzmir 165 125 165 125 
Manisa 37 429 37 429 
Mersin 47 372 47 372 
Muğla 95 696 95 696 
Gaziantep 31 854 31 854 
Antalya 33 362 33 362 
Kilis 9 640 9 640 
Other Provinces 36 432 36 432 
Total 891 393 891 393 

Source: Extracted from TUIK (2011) using average statistics for 2008–2009; 
(*) Calculations in this table have been made on the assumption that all olive 
oil production facilities are assumed to be operating under the three-phase 
system and that the amount of OMWW is equal to the amount of production 
of olive for olive oil. 

Figure 1. Map showing a ranking of olive producing provinces in Turkey in terms of production amounts (Özkaya et al., 2011)

Table 2. Olive for olive oil and OMWW production in 
Turkey by provinces
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rapid breeding of fl ies around the lagoon and ultimately lead 
to an unhygienic environment (Azbar et al., 2004).

2. For facilities operating under a three-phase system, transi-
tion to a two-phase olive oil production system would lead 
to reduction in water requirements in various stages of the 
extraction process. Th is alternative, however, requires a sub-
stantial invesment by the olive oil mills, as the switching 
cost from one technology to the other is signifi cantly high. 
Furthermore, one must bear in mind that the resulting mixed 
solid-liquid waste would still need to be processed further to 
separate the pomace from water. Unless subsidised or partially 
funded by the government, small or medium sized olive oil 
mills in Turkey are unlikely to cover the costs of such tran-
sition on their own, despite the signifi cant benefi ts.

3. Another possible option is to consider the use of integrated 
olive mills (Azbar et al., 2004) wherein facilities are built in 
which olive oil extraction and wastewater treatment can be 
done in an integrated and sequential manner. As with the 
second option, however, the cost of this option is also very 
signifi cant and unlikely to be adopted unless subsidized by 
the government, private institutions or unions.

4. Th ere are several ways in which OMWW can be treated, such 
as physico-chemical including fl occulation, coagulation, fi l-
tration, incineration and biotechnological, including micro-
biological treatments, composting, anaerobic and extraction 
processes (Roig et al., 2006). Akdemir and Ozer (2008) state 
that the treatment of OMWW through such methods has 
not entirely been successful, and suggest ultrafi ltration as a 
viable alternative to those already mentioned. Th e modern 
strategy for olive mill wastewater management is combin-
ing wastewater treatment and valorization. In other words, 
producing valuable products from wastewater and thus com-
pensating the high costs of treatment. Designing centralized 
plants to collect wastewater from small olive mills within a 
regional radius off ers a feasible economic solution. However, 
one should bear in mind that the high cost of building and 
running such facilities will require the fi nancial support of 
private oil mills as well as the government, but this is not 
likely to be as expensive as technology switching as men-
tioned in (2) above. 
In summary, OMWW is an increasingly growing problem in 

both Turkey and other olive producing countries in the world. 
Th e increasing number of olive trees planted as a result of con-
tinued government support will result in more olive produc-
tion in the future, hence more olive oil and OMWW. We believe 
any solution adopted for the problem of OMWW in Turkey will 
need to be socially and economically feasible. Solution should 
also be acceptable to and supported by the government and 
other authorities.
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