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Abstract
The report is about developing an environmentally sustainable system to manage solid waste from the 2- and 3-phase olive oil mill

extraction processes. The olive industry has been expanding at the rate of about 12% per annum over recent years. This significant
increase in fruit production will result in vast quantities of solid and liquid wastes generated to the detriment of the environment. The

industry is therefore faced with the challenge to manage these wastes in order to achieve sustainable production in a clean environ-

ment. The research work reported here is important because it provides the industry with a tool to recycle processed oil mill waste
to improve the health of the crop and the status of the soil.

Figure a
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The increasing population and consequently the increase in the
rate of urbanization cause many environmental problems. One of
the most important environmental problems is inadequate waste
management. Safe disposal or recycling of wastes is limited due
to insufficient information, technological and economic opportunities and may cause storage problems and environmental pollution.
Organic waste accounts for 46% of the total amount of waste on a
global scale. Organic waste plastic, metal, paper and so on. they are
easier to recycle and have high added value compared to wastes.
Generally, the source of organic wastes is urban wastes, agricultural wastes and food industry wastes. These wastes are used as
fuel and animal feed and composting is used in agriculture is a different evaluation option. The subject of composting can be divided
into two main areas: composting process and composting product.
Composting involves the biological decomposition of organic matter into a stable structure which is more useful and suitable for the
environment under aerobic or anaerobic conditions. Controlled
and suitably composting is the highest quality recycled form of organic waste. Compost is a direct source of organic matter for the
soil and has a positive effect in terms of encouraging plant growth
and reducing soil erosion, although it directly affects many properties of the soil.

Around 90% of olive cultivation is carried out in the Mediterranean basin and the rest in Latin America. Approximately 17 million tons of olives are obtained from 900 million olive trees in an
area of 9 million hectares in the world. World table olive production
has been around 2.87 million tons in the last five years. Important
respectively olive producing countries, Spain, Italy, Greece, Portugal, Tunisia, Syria and Turkey. Although the share of EU countries
in production varies according to years, it is around 69% on average. Spain ranks first among the EU countries, followed by Italy and
Greece. Spain's share in EU production is around 60%. In addition,
olive production has been started in countries such as Australia, Japan and Argentina. World olive oil production is 2 million 800 tons
on average between 2012-2016. 70% of the production was realized in EU (European Union) countries, especially Spain, Italy and
Greece. Turkey is the world's olive oil production fluctuates from
year to year in the share is around 5% on average. These ratios Turkey, ranks 5th in world oil production [5].
According to TUIK (Turkish Statistical Institute) data, our olive
tree assets increased from 100 million units in the beginning of
2000s to 172 million units in 2015/16 season due to recent plantings. The average production of olive oil for the last 5 years was
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approximately 170 thousand tons and the average production of
table olives was 452 thousand tons and the production of oil olives was 1 million 291 thousand tons. olive and olive oil production takes place in Turkey in the Aegean and Marmara more. Aydın,
İzmir, Muğla, Balıkesir, Manisa, Çanakkale are the provinces where
important olive production is made.
About 320 thousand zeytinci family businesses in Turkey. 14%
of these are composed of Tariş̧ Olive and Olive Oil Association and
Marmarabirlik partners. Tariş̧ Olive and Olive Oil Association has
22 thousand partners and Marmarabirlik has 30 thousand partners.
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system, 500-600 kg in three-phase system pirina occurs. For example; In 2017 to about 141 333 tonnes of pomace in Turkey it was
obtained (Figure 1). During and after the production of olive oil,
wastes which are mostly harmful for the environment are generally
used for fuel, feed additives and a small part of the organic fertilizer
in agriculture. Due to the high amount of by-products produced in
different proportions due to production systems, the difficulty of
disposal and storage problems cause serious environmental problems.

The quality and yield of olive oil varies depending on the type
of olives, irrigation and fertilization of olives, the difference in pesticide use, the type and time of harvest, and the time and storage
types of olives stored. In addition, olive oil production systems and
process parameters directly affect production.
As a result of olive production, main products such as olive oil
and olives and solid and liquid side wastes such as “pirina” and
“blackwater are formed. Pirina and Blackwater are by-products,
and if evaluated correctly, their economic contribution is very high.
Particularly in the Mediterranean countries, land wastes cannot be
evaluated and cause environmental pollution.
Olive is among the top ten most important products in our
country's economy. The olive sector is one of the important prod-

ucts of export-based agriculture. Olives and olive oil have an average export value of around 250 million dollars and constitute the
livelihood of approximately 320 thousand families.
Our country is ranked 4th after Spain, Italy and Greece among
Mediterranean Countries with olive tree presence and grain olive
production. In terms of olive oil production, it ranks 5th after Tunisia.
The presence of olive trees in our country has increased in recent years with the increase of state support. Currently, there is an
annual production of 1,464,248 tons on an area of 774,369 ha. Our
olive tree is reported to be 172.130.040.

With the increase in olive oil production in our country, organic
by-product wastes arising from olive oil processing are increasing
day by day.

Every year during the olive oil production season (NovemberFebruary), large amounts of black water and pirinaare produced as
organic waste. For example, with the production of 100,000 tons of
olive oil, approximately 500,000 tons of black water and 250,000
tons of pomace emerge as organic waste.

According to the selected production method; There are three
methods (conventional method, two-phase system, three-phase
system) There may be differences between the amount of solid
waste of these production methods. 1 ton of olive used in olive oil
production; 400 kg in traditional method, 800-950 kg in two-phase

Figure 1: A view from the stacks of pirina.
Although pirina can be used as an important source for increasing soil carbon content and aggregate stability, direct application
to soil can have some disadvantages. Since the carbon (C) supply to
the environment increases with pirina, a large amount of nitrogen
(N) immobilization can occur and this has a negative effect on the
N uptake required for the plants. For this reason, it is important to
make compost using a suitable nitrogen source together with the
pirina (Figure 2).

Figure 2: The appearance of waste pomace as
a result of 2-3 phase production.

Olive oil production methods
Nowadays, the methods used for olive oil production are divid-

ed into two as batch (continuous pressing) and continuous production. Conventional pressing method is based on the release of oil

by hydraulic presses. Continuous systems, on the other hand, are
more modern methods and are based on centrifugation of oil.

Discrete (conventional pressing) production system; The ol-

ives are washed with the addition of process water, then crushed
and ground, finally kneaded with hot water. The dough obtained
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is then pressed and the oil phase is separated. Batch production
system consists of feeding, raw material storage, cleaning, crushing, grinding, drying-roasting, squeezing and filtration/decanta-

tion units (Figure 3). The mixture of dough produced during batch
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wastewater is produced for 1 ton of olive and 1-1.5 m3 wastewater
is produced in continuous method (Figure 5).

production contains 20% oil, 25% solids and 55% olive oil. In the

pressing process, the amount of water produced during the wash-

ing and kneading of the olives emerges as waste water. The dough
that is released is then pressed into oil and vegetation water (black

water), and the solid phase is obtained as a by-product. After the

pressing method, the amount of black water formed per one ton of
olives squeezed is about 0.4-0.5 m3 [2].

Figure 5: 3 - Phase Production Diagram.

What is pirina?

During olive oil production; Outside the oil, waste water and

solids are produced by-products. The amount of oil, waste wa-

ter and solids varies according to the type of olive oil production
method. The remaining solid waste (pulp) after the processing of

olive fruits in olive oil production is called raw pomace (olive solid
Figure 3: Conventional Pressing Production System.
Continuous production method
It is based on the separation of oil and black water contained in

the liquid phase in olive paste from the solid phase with high speed

waste). Pirina oil, olive seeds, fruit flesh, shell and water. As pirina

is actually a waste material, it can create problems if it is not suitable and acceptable for use like other wastes. According to the type

of olive oil production method, this waste, which contains 2-12%
fat, is called raw pomace, fat free pirina.
In the studies

After application of pirina to soils of different textures, changes

rotary centrifugal decanter. This system consists of feeding, wash-

in organic matter and effects of these changes on soil stability were

method, it is divided into three phases and two phases depending

while the aggregate stability of the soil with loamy sand was 4.6%,

ing, crushing and then dough preparation units. In continuous sys-

tems, centrifuges (decanter) are used instead of pressing. In this
on the separation method.

The two-phase system was developed after the three-phase
system
With this system, there is almost no waste water output com-

pared to the three-phase production system. Only juicy pomace (in
slurry) comes out of the system as waste (Figure 4). However, the
resulting pomace cannot be used as compost without removing the
waste water in it. Therefore, the cost of solid waste doubles [1].

determined; different doses of pomace applied to sandy soils in-

creased the aggregate stability of the soil in as short as 2 months,
the aggregate stability value of the soil applied to the pomace at

the rate of 8% was 88%. It has increased. It has been found that the
application of pirina increases the aggregate stability value of the
coarse soils and thus their water holding capacity.

Pirina can be used as an important source for increasing the

carbon content and aggregate stability of the soil. However, the use
of pirina may have some disadvantages. Large amount of N immo-

bilization can occur due to increased C source given to the environ-

ment with pirina. This may have a negative effect on N uptake of
plants (Table 1).

Component

Figure 4: 2 - Phase Production Diagram.
The three-phase system was developed in the early 1970s to

reduce labor costs and increase process capacity. While 8-10 tons

of olives can be processed per day with batch (traditional) pressing
method, the process capacity is increased up to 30-32 days with

three-phase production system. However, the 3-phase method requires three times more water than the traditional method.

The amount of waste water and pollution characteristics of ol-

ive oil production processes vary depending on the method and
technology used in production. In the batch method, 0.4-0.5 m3

Moisture (%)

2-phase

3-phase

52 - 55

42 - 49

pH (1:5)

6.5 - 6.9

6.3 - 7.2

Total carbon (%)

50 - 54

49 - 51

Phenol (%)

Total nitrogen (%)

C:N ratio

1.0

1.2 - 13
46 - 50

0.20

1.2 - 1.4
42 - 52

Table 1: Chemical Composition of Pirina from 2 - 3 Phase
Production.

In another study, chicken manure and olive oil wastes were

composted and their effects on potato were investigated. The C:N
ratio of compost is between 15–17 and is rich in nutrients. No
phytotoxic effect. Potato yield was found to be 31.5–35.5 t/ha in
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compost application, while the yield in cattle manure was 30.5 t/
ha. The use of olive water did not adversely affect soil pH, EC and
phenol content [4].

The amount of water used in olive oil production, the amount

of waste water generated and characterization varies according to
the production process. According to this

Average 3-phase production for processing 1000 tons of olives;
Total water usage is approximately 880-950 m3,

•

The amount of waste water is approximately 1200 m (wash-

•

ing + decanter + separator waste water).

3

Average 2-phase production for processing 1000 tons of olives;
Total water usage is about 250-350m ,

•

3

•

The amount of waste water is approximately 250-280 m3
(washing + separator waste water).

The 2-phase production system is a much more environmen-

tally friendly form of production, not only in terms of the amount of
wastewater, but also in terms of wastewater pollution load.

Since water is added to the decanter in the 3-phase production

system, most of the phenolic compounds pass into the decanter

waste water. However, since there is no external water input in the

2-phase production system, most of the phenolic compounds remain in olive oil. When both production processes are compared

in terms of product quality, it has been shown in many studies that
olive oil produced in 2-phase system is richer in polyphenols.

It consists of three main parts: olive, shell, meat and core. Olive

type, production amount, soil properties and so on. depending on
the content;
•
•
•

10-30% fat,

40-60% water,

Consists of 30% solids.

(solids, 12-25% core, 1-3% seed, 8-10% shell and pulp, 3% sug-

ar, 2% protein and 2% other compounds are distributed as acids,
vitamins, minerals, pectins (Figure 6).

Blackwater disposal method
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89% of the facilities use evaporation lagoons for waste water

disposal, while the remaining 11% carry waste water through sewage trucks and discharge them into sewers.

This wastewater generated during production is collected in

sealed lagoons throughout our country and left to evaporate. Dur-

ing periods of intensive olive oil production or rainfall, lagoons
overflow occur and the resulting waste water pollutes the receiving environment (soil, surface and ground water). Although the
cost of evaporation of wastewater in lagoons is low, the space requirement is high. On the other hand, by evaporation, many organ-

ic substances which are volatile in the blackwater are mixed with
air by this method.

Use of olive black water for agricultural purposes
Due to the problems experienced in the treatment of olive black

water in most olive countries, the use of black water in agricultural
areas is limited and controlled. However, in terms of environmental health, some olive countries oppose this practice and argue that

a preliminary treatment of black water should be made before it is
put into the soil [3].

As a result of long years of research on black water in Spain, the

conventional system waste 30 m3/hectare-year of black water, con-

tinuous system waste 100 m3/hectare-year can be given to the land
in the absence of plants and annual planting time between the ap-

plication of blackwater at least 1 month time has been emphasized.
In Italy, it was determined that the addition of two and four li-

ters of black water per m2 around olive seedlings in January and

May had a positive effect on the formation of young shoots.

In a study on olive wastes to increase the organic matter con-

tent of soils; It has shown that solid wastes from olive production

can be used again as fertilizer in these lands. In the research, the
blackwater which was removed from the factories as liquid waste

was kept in the resting ponds for a while and evaporated, while
some of them collapsed as sludge. Blackwater sediment was obtained by standing and drying the sludges settling for 5 months.

The organic material of the sludge reached 37%. Two doses of 40
and 80 kg of blackwater sediment obtained in the research were
added to the crown projection by adding nitrogen and lime and

covered with soil. After two consecutive years, no phytotoxic ef-

fect was observed in the soil samples and significant results were
obtained to increase the yield.

In another study supported by Taris, it was emphasized that mi-

crobiological activity was increased and positive results were obFigure 6: Structural View of Olives.

tained in the application of 6 tons of blackwater per acre, but lime

addition to the soils may be required in long-term uses because

the addition of blackwater causes a decrease in soil pH values. In a
study conducted at Adnan Menderes University, Faculty of Agricul-
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ture, Department of Soil, black water was applied to satsuma man-

darin trees grafted to three- leaf rootstock. Applications positively
affected the yield, pomological and chemical properties of the

trees. The optimum dose per tree was determined as 10 liters/tree.
With the increasing olive production in Spain since the early

1990s, the waste problem caused by three-phase production systems has caused serious environmental pollution. Thereupon, the

olive oil plants were transformed into two-phase systems, which
are relatively environmentally friendly. It is possible to evaluate
the aqueous pirina, which is the waste of these systems, only by
composting. A lot of research has been done in Spain. In one study,

olive oil waste obtained from two-phase system was composted
with cotton waste and corn straw in 8-10months under controlled
conditions.

Agrochemical characterization of pirina and blackwater waste

produced from two-phase olive oil systems in Spain was per-

formed. It has been found that this waste has a high moisture content, acidic pH and a very high amount of organic matter and is
mainly a substance of lignin, hemicellulose and cellulose structure.

(Figure 7). It has also been observed to have significant amounts of

fats, proteins, water soluble carbohydrates and small amounts of
active soluble phenolic substances. In terms of plant nutrients, it

is found to be rich in potassium, poor in phosphorus, calcium and
magnesium and have moderate organic nitrogen. Among the micro

elements, iron-rich, manganese and zinc levels were similar, but
quite low. Composting has been considered as a good alternative

in the evaluation of these characteristics as they cannot fully meet
the agricultural needs.
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In another study conducted in Spain, olive pomace was com-

posted with wheat straw and blackwater. The stacks were venti-

lated every 15 days and temperature and humidity controls were

performed. Phytotoxic effect of mature composts as a result of
composting was observed by examining germination rates of test
plants. Olive black water was mixed with 50 m3/ha in the vegeta-

tive period of the wheat plant. As a result of three years of application, there was no difference in wheat yield. It was determined that

wheat plant showed tolerance to black water applications in early
growth period. In one study, sulfur was added to decrease the pH

in the compost prepared with two phase olive oil waste and sheep
manure. Two weeks later, the pH was reduced by one unit and
the addition of sulfur had no negative effect on the quality of the

compost. Two different ventilation systems were used to compost
two-phase olive oil factory waste with sheep manure and bunch of

grapes. These were forced aeration and windrows turning and the
basic parameters were checked during composting. A good quality

compost was obtained in both methods. Due to the physical nature
of the two-phase olive oil waste, it has been reported that mixing

of the batches is absolutely necessary and thus the high investment
required for forced ventilation can be avoided.

In a study on composting of polluting olive oil waste (alperujo)

with grape bunch and olive leaf, the process was carried out with

forced aeration in 34 weeks and supported by mechanical stirring.

The compost was allowed to mature for 16 weeks and the temperature, pH, total organic matter, total nitrogen, C/N ratio, water soluble organic carbon, carbohydrates and phenols, oils and phytotox-

icity were evaluated. Composting performance was reported to be
affected by the properties of the added fillers, and grape bunches
contributed more to the composting process than olive leaves.

Two ideal piles were prepared in order to evaluate the most suit-

able ventilation technology of olive oil factory by-product per alperujo ”compost. Fresh cow manure was used as filling material and

mature compost was used for inoculation. The first heap is rarely
subjected to mechanical rotation with active ventilation, while the

other heap has only mechanical rotation. Composting was achieved

in a shorter time in the heap where mechanical ventilation was apFigure 7: Alperuju View.
In another study carried out at Adnan Menderes University, the

effect of olive black water in solid and liquid form on germination

rate and yield values of wheat plant was investigated. Applications;
liquid olive black water (5-10 l/m2), solid black olive water (4.5 - 6

kg/m2) and NP fertilizers. Germination rate did not change with NP

fertilizer applications. However, olive water applications reduced

germination rate. Olive black water + NP applications increased
plant height while olive black water applications decreased plant

height. The applications had no effect on the yield. As a result of the
applications, the potassium content in the plant increased.

plied with active ventilation. In another study composting with two

phase olive oil waste, almond husk and rice straw, the effect of this

process on humification was determined by inoculating bacteria
to composts.

In a study conducted at Adnan Menderes University, the effects

of 0, 5, 15, 20, 25, 30 g/kg doses of olive black water and 0, 2.5%,
5% doses of calcium on soil fertility and corn plant growth were
investigated. 15-20 g/kg dose and 2.5% lime dose of olive black
water had positive effects on N, P, K content of corn plant.

In Tunisia, solid waste of olive oil production process, olive

pomace and chicken manure were composted and irrigated with
black water. The experiments were carried out in three ventilated

windrow type heaps. Olive black water was used continuously dur-

ing the biooxidative phase (3 months). It was then replaced with
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water. Main process parameters; temperature, pH, humidity and
C/N were measured. Ripened composts were used as soil conditioners in potato production and 10- 23% increase in potato yield

was observed. The average amount of phenolic compound in the
stabilized compost was 0.24%. Composts obtained from the experiment have been reported to have a sustainable agricultural

potential in potato production. In another study, the effects of two
phase olive oil processing wastes and composts produced from
these wastes on different plant pathogens were investigated un-

der laboratory conditions. As a result of this study, it was reported
that these wastes and composts may have potential to be used as
biopesticides in sustainable agriculture system.

Ripened composts have been reported to be effective against

various pathogenic fungi, weed seeds and nematodes. In another
study, the effect of oil and oil degreased two-phase olive oil plant

Conclusion

As a result of olive production, the main products such as olive

oil and table olives are composed of olive oil and solid and liquid

by-products such as “pirina” and “blackwater”. During the olive oil

production season (November-February), large amounts of black

water and pomace are produced each year as organic waste (141
thousand tons according to 2017 data). Pirina and black water,

which are solid and liquid wastes of olive processing plants, are
not sufficiently utilized in our country. It is necessary to accelerate
the studies carried out on such biomasses with high added value,
which is highly return to the economy.

From a global perspective, these waste figures are quite large.

Therefore, the main things to be done;

pomace waste on olive gardens as soil conditioner was studied. As
a result of soil applications, organic carbon, total nitrogen, absorb-

able phosphorus, potassium and aggregate stability were observed.

In the second year of application, N, P, K increases were observed
in leaf analysis. As a result of the experiments, it has been reported
that raw materials have potential as a source of organic matter.

The quality and quantity changes of phenolic compounds dur-

ing the composting process of olive water with wheat straw were
studied in another study. Polyphenols have been proposed to con-

tribute to the synthesis of humic substances due to the link between polyphenol content and humification and lignin loss. Most

phenolic compounds disappeared during the composting process.
The resultant product was hydroxytyrosol, caffeic and syringic acid
and oleuropein. In another study conducted in Tunisia, the waste

sludge of the olive plant and the sesame shells were composted
and the changes in phenolic compounds and their biotoxic proper-

ties were examined. 7 months after composting, all phenolic compounds disappeared and phytotoxic effects of blackwater sludge

were followed by plant germination index and germination index
reached 80% after 210 days.

Humic acids were isolated from the two heaps prepared for the

first 30 days of olive plant solid waste irrigated with olive water

or tap water during the composting period of 9 months. Humic
acid subcomponents were determined by elemental analysis. Both
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•

Converting 3-phase systems to 2-phase systems at very low

•

Studies on the chemical properties of Pirina should be in-

costs,

creased and large field studies should be carried out by
composing with various plant wastes.
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composting processes have been reported to be suitable for well
humidified organic matter and their use as soil conditioners will

make significant contributions. In another study conducted in Tunisia, it was found that mixing and composting olive plant sludge

with chicken manure is very beneficial for fertilizer formation. In

another study, waste sludge from olive plant was composted with
chicken manure in 210 days. The stacks were kept 40-60% moist

with olive black water and sugar water. The compost mixture
showed a high microbiological activity, depending on temperature
during biological degradation.
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