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Figure 5 Regional lube oil consumption, collection and recycling of used oil
Source: Own elaboration; data collected from Vertex (2016); Statista (2015);UNEP(2012); Kline
(2010)

3.2 Lubricating Oils chemistry and composition

3.2.1 Lubricating oil

Lubricant base oil is a heavy petroleum fraction and boils in the range of 300-400°C
under vacuum. The hydrocarbon composition of base oils consists primarily of complex
molecules including saturated hydrocarbons, aromatics and parrafins. In order to make
it suitable for use, this oil fraction, once separated from crude, undergoes further
treatment whereby a large number of additives are added to the base oil. While
reducing friction is a key objective of lubrication, there are many other benefits that can
be accrued from it provided that additives are added to the base oil. These additives can
enhance or suppress properties within the base oil. A typical lubricant may contain 90%
base oil and 10% additives. The base 0il, in combination with the additives, determines
the flow characteristics of the finished lubricant, its volatility and its oxidation stability
(Randles, 2007).

Additives include, but are not limited to, the following;:

Antioxidants: They prevent decomposition occurring in lubricants as a result of

oxidation in the presence of air.
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Detergents: Detergents are alkaline in nature and react with acids which form during

the combustion of fuel.

Anti-wear agents: They keep soot and combustion products in suspension thereby

preventing their precipitation as sludge.
Corrosion inhibitors: They protect metal surface from corrosion

Viscosity improvers: They are additives that increase the viscosity of the fluid

throughout its useful temperature range.

Antifoam additives: these substances prevent foaming which can occur as a result of air

entrapment in lube oil.

Pour point depressants: they are used to prevent rapid increase in the viscosity which
can occur due to crystallization, at low temperatures, of the paraffinic waxes present in

lube oil.

3.2.2 Contaminants of used lubricating oil

As pointed out earlier, lubricating oils lose their initial properties as a result of
accumulation of contaminants and chemical changes experienced during their use. The
presence of degraded additives and by-products of degradation render used lubricating
oils more toxic and harmful to health and environment than virgin base oils
(Motshumiet et al, 2013). The main types of contaminants of potential concern are
caused due to the following reasons (UNEP, 2012):

- Normal engine wear produces metallic particles w

- hich contaminate the lubricating oil.

- Water resulting from the combustion of fuel in the engine may pass into the
lubricating oil and can ultimately lead to sludge formation.

- Incomplete fuel combustion in the engine may result in the contamination of the
lube oil

- As a result of the combustion process, carcinogenic substances such as Polycyclic
Aromatic Hydrocarbons (PAH), are formed.

- Soot and carbon may form as a result of incomplete combustion, especially during
warm-up with a rich mixture.

- Unburnt gasoline or diesel can pass into the lubricant.

- Metals (Iron, Copper, and Aluminium) which are released due to normal engine
wear, road dust, can find their way into the lubricating oil.
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- Additives present in the lubricant will oxidize and form corrosive acids at elevated
temperatures.

3.3 Characteristics of used lubricating oil versus virgin and re-refined oils

Abro et Al (2013) carried out an experimental work to determine the effect of re-refining
on the properties of used lubricating oil. The re-refined oil’s properties such as, specific
gravity, ash content, viscosity, flash point, and metal content were analyzed and
compared to those of virgin oil. The findings are presented in Figure 6 and Figure 7.

Figure 6 shows that the specific gravity of re-refined oil (0.88) is sensibly equal to virgin
oil (0.9) and lower than the used oil (0.93). The ash content of the re-refined used

lubricating oil was significantly reduced from 2.02% to 0.09%.

As illustrated in Figure 7, viscosity, which is an important parameter for consideration
when it comes to choosing lubricating oils, has been decreased from 120 cP(used lube
oil) to 94 cP(re-refined lube oil). The flash point of the re-refined oil was significantly
improved from 120°C (used oil) to 150°C (re-refined oil) while iron content was reduced

from 50 ppm to 13 ppm.

From these results it can be stated that re-refining effectively removed impurities from
contaminated used oil. It can also be said that the quality of re-refined used lubricating

oil is comparable to virgin lubricating oil.

3.4  Types of used lubricating oil suitable for re-refining

Generally speaking, only used lube oils with high viscosity index and less contaminant
are suitable for re-refining (Fiedler, 2005). Based on the European waste category, the
European re-refining industry association (GEIR) considers the following used

lubricating oils suitable for re-refining:

- Engine oils without chlorine
- Hydraulic oils without chlorine
- Non-chlorinated mineral oils
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Figure 6 Comparison of Specific Gravity and Ash content before and after re-refining
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Figure 7 Comparison of Viscosity, Flash Point and Iron content before and after re-refining.
Source: own elaboration with data from (Abro et Al, 2013)
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4.2.1 Process features and drawbacks

The vacuum residue of this process may represent a major environmental problem if
not valorized in a commercial operation such as asphalt manufacture (can be used as
asphalt extender). Key to the process is the thin-film vacuum distillation. The yield of
finished base oil is about 82%.(UNEP, 2014, Walker R, 2013). The first re-refining plant
(20000 MTPY) to utilize the KTI Process was completed in 1982 (Fok, 1986).

4.3  The CEP/Mohawk process
The CEP process-also known as CEP-Mohawk process- was introduced in the late 1980s
by Chemical Engineering Partners (CEP).

4.3.1 Process description

The process consists of the following steps:

Feedstock analysis:
Due to process consideration the feedstock must analyzed to make sure it is suitable for
re-refining.

Chemical treatment:

In order to reduce fouling in the process equipment, the feedstock undergoes a chemical
treatment whereby water and light hydrocarbons are removed. Next the contaminants
and additives are removed to avoid catalyst poisoning.

Vacuum distillation:

After pre-treatment, the feedstock is sent to a wiped film evaporator operating under
vacuum. The vacuum allows the separation of base oil from additives below cracking
temperatures.

Hydrotreatment:
Three hydrotreating reactors are used in series to reduce sulfur and increase saturates to
produce base oils meeting specifications for API group II.

Fractionation:
The hydrotreated base oil is separated into light and heavy cut.

43.2 Process features and drawbacks
The hydrotreating process is claimed to reduce sulfur to less than 300 ppm and increase

saturates to over 90%, meeting the key specifications for API Group II base oil.
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which are then hydro finished at adequate high temperatures and pressures. These
processes involve intense desulphurization and elimination of other impurities.

Product recovery:

The processed feedstock is converted into a wide boiling range hydrocarbon product,
which is subsequently fractionated into neutral oil products of different viscosity to be
used for lube oil blending.

4.4.2 Process features and drawbacks

It is claimed that the Hylube process achieve more than 85% of base oils suitable for re-
blending into saleable lube oils. It is reported that Lube base stocks quality is equal to
virgin base oils (ref.) It is also claimed that no environmentally undesirable by-products
are produced. The heavy residue is suitable for asphalt blending. The aqueous effluent

has low COD and no organochlorines.
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Figure 11 UOP Hylube simplified process flow diagram
Source: UOP

4.5  Axens/Viscolube (Revivoil) process
The Revivoil process was developed jointly by Axens and Viscolube. It combines two

technologies: thermal deasphalting and catalytic hydrogenation.
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4.5.1 Process description

The process comprises the following steps:

Pre-flash:
The feedstock is heated (140°C) and distilled in a column where the water and light
hydrocarbons are removed.

Thermal De-asphalting:
The dehydrated oil is distilled at 360 °C in a vacuum de-asphalting column. The
asphaltic and bituminous products remain at the bottom.

Hydrofinishing:

The dehydrated oil is treated in the fractionation column( vacuum de-asphalting
column) where the asphaltic and bituminous products remain at the bottom and three
side cuts of different viscosity are obtained at the same time. Gas oil (VGO) is collected
at the top of the column. The base oil fraction is hydrotreated in the catalytic reactor to
eliminate unsaturated compounds, sulfur and nitrogen. The effluents from the catalytic
reactor are separated into a liquid phase and vapor phase. The liquid phase is stripped
with steam to eliminate the most volatile compounds. The re-refined base oil is obtained
at the bottom of the stripper.

Figure 12 illustrates the simplified process flow diagram.

4.5.2 Process features and drawbacks

This lubricating base oil has many advantages it is beneficial to health and the
environment as well as demonstrating excellent performance on the lubrication circuits
where it is used. The final result is clear oil with very low sulphur and aromatics
content.
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Figure 12 Revivoil simplified process flow diagram
Source: Petder (2012)

4.6 STP Process
STP (Studi Tecnologie y Progetti) is the supplier of this re-refining technology which is
based on thin film evaporation and hydrofinishing.

4.6.1 Process description

The basic steps of the process are as follows:

Dehydration and lights removal:

The stocked used oil is pumped through a filter and preheated through heat exchangers
which help in recovering heat from finished products. It is then treated with chemical
additives. The treated oil is flashed in the flash drum to remove water and light
hydrocarbons. Gases are burnt in a thermal oil furnace. Water and hydrocarbons are
condensed and separated in a settler.
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Gas oil stripping;:

The dehydrated oil is sent to the gas oil stripping column working under vacuum. Gas
oil from the column overhead is condensed and sent to storage. Incondensable gases
from the vacuum system are sent to a thermal oil furnace.

Vacuum distillation:

The oil coming from the gas oil stripping column is introduced into a high vacuum
distillation column with thin film evaporator, where the separation of the lubricating
fraction and the residue takes place. The lubricating cut is then condensed and sent to
finishing while the asphaltic residue is sent to storage.

Finishing:

Finishing is done through chemical treatment for API Group I products or through
hydrofinishing in the case of API Group II lubricants production. Finished oil is then
sent towards the fractioning column and separated into two regenerated basic oils cuts
(150 SN and 500 SN) that are claimed to have the same specifications as their
corresponding new base oils. The column bottom is recycled towards the vacuum
distillation column.

The simplified process flow sheet is illustrated in Figure 13.

4.6.2 Process features and drawbacks

STP claims that process removes all the contaminants from the used lube oil and
recovers a base oil product as VGO or high quality lubricant which is in either API
Group 1 by chemical finishing or API Group II by hydro finishing. STP has
implemented several Re-refining Plants worldwide. The advantages of the process are:
High flexibility towards feedstock quality and composition

The lube oil recovery is more than 95% of the lubricant fraction present in the used oil.
The process is claimed to be highly competitive in terms of capital investment and
operating cost. It is also environmentally friendly as there is no use of acid and clays.

4.7  Probex process
The Probex (also known as Proterra) waste oil re-refining technology was patented in
1997 by Probex Co. This process is based essentially on vacuum distillation and solvent

extraction applied to vacuum distillates.
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4.7.1 Process description

The basic steps of the process are:

Lights removal:
In this first step the waste oils are treated and light hydrocarbons are separated in flash
drum. The residue is sent to a vacuum tower.

Vacuum distillation:

In this step asphalthenes and other impurities are separated from the oil and different
viscosity grade oils can be produced. The base oil fraction is delivered to a liquid-liquid
extraction column after it is cooled.

Solvent extraction:

The treated base oil fraction is extracted with n-methyl-2-pyrrolidone, where
unsaturated, aromatic and heteroatom containing molecules are eliminated.
Unsaturated, aromatic and heteroatom containing compounds are in extract phase; the
base oil forms the raffinate phase. The solvent is separated from the extract and returned
to the process after being reprocessed from both of the abovementioned products with
stripping. The extract phase contains up to 10% base oil fraction as a function of process
parameters.

The process flow diagram is depicted in Figure 14.

4.7.2 Process features and drawbacks
Probex offers the following advantages: no use of high temperature and pressure, no
use of hydrogen, no catalyst handling and replacement. It is claimed that the yields are

comparable to hydrofinishing processes.
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Figure 14 Probex simplified process flow diagram
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4.8  PROP technology
The PROP (Phillips Re-refined Oil Process) technology, developed by the Phillips
Petroleum Company, combines chemical demetallisation and hydrogenation to remove

contaminants from the used lube oil.

4.8.1 Process description

The basic steps of the process are as follows:

Demetallization and contaminants removal:

The process begins by mixing an aqueous solution of diammonium phosphate with
heated used lube o0il to reduce the metal content of the oil. Chemical reactions lead to
formation of metallic phosphates, which are subsequently removed by filtration. The
remaining oil is then flashed to remove light hydrocarbons, gasoline, and water.

Hydrogenation:
Next, the oil is mixed with hydrogen and percolated through a bed of clay, and passed

over a Ni/Mo catalyst in the hydrogenation reactor. The adsorption step removes the
remaining traces of compounds which might poison the catalyst. During the
hydrogenation process, sulphur, oxygen, chlorine and nitrogen-containing compounds

are removed and the oil's color is thereby improved.
The PROP process flow diagram is depicted in Figure 15.

4.8.2 Process features and drawbacks

The major solid by-product is described as neutral phosphate material with no potential
disposal problem. This by-product can be safely disposed of in a landfill. Liquid stream
byproducts relate to light ends and heavy gasoline which can be used as fuel. However,
the used catalyst is typically treated as hazardous waste. The spent catalyst represents a

hazardous waste product.
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Figure 15 PROP process process flow sheet
Source: Audibert as cited in UNEP (2012)

4.9  IFP technology
IFP technology was developed by the Institut Francais du Pétrole. The principle of this

process, also known as Selectopropane process, is based on the use of propane to extract
selectively all base oil components from used lubricating oil.

49.1 Process description

The process comprises the following steps:

Atmospheric distillation:
First, water and light hydrocarbons are removed in the atmospheric distillation column.

Vacuum distillation:
Then, oil from atmospheric distillation is subjected to extraction with liquid propane at

a temperature of between 75 and 95°C. Light and medium base oils are recovered in this
phase.

Hydrogenation:

In this step the vacuum distillates are hydrotreated to produce finished base oils. This is
the stage where the propane is separated from the propane-oil mixture. Asphaltic
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compounds, oxidized hydrocarbons and solids in suspension are also separated in this
stage. The bright stock is recovered from the vacuum residue by propane deasphalting.
The final stage is the hydrogenation of the bright stock fraction.

The process is shown schematically in Figure 16.

!

Figure 16 IFP simplified block flow diagram
Source: UNEP (2012)

492 Process features and drawbacks

Possibility to produce several base oils with various characteristics.

4.10 Snamprogetti process
The Snamprogetti process is similar to the IFP technology in that it uses the same
processing steps including propane extraction. Snamprogetti has modified the process

by adding a propane extraction step before and after vacuum distillation.

4.10.1 Process description

The process consists of four steps:

Atmospheric distillation:
In this stage, water and light hydrocarbons are eliminated in the extraction column..

Solvent extraction:

Next, waste oil from atmospheric distillation is refined with liquid propane at 75-95 °C
in the propane de-asphalting(PDA)unit. With this step, the majority of the contaminants
such as asphalt compounds, oxidized hydrocarbons and suspended solids are separated
from the oil.
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Vacuum distillation:

In this step base oil is recovered as distillate and sent to hydrogenation unit for further
treatment. The vacuum distillation waste is sent through a second extraction, using
propane, which is combined together with the vacuum distillate in the hydrogenation
unit.

Hydrogenation:

In this final stage, base oils with different properties are produced in the
hydrotreatment unit. The bright stock fraction is also recovered from the waste from
vacuum distillation.

4.10.2 Process features and drawbacks

There exists the possibility to produce several base oils with various characteristics. The
PDA bottoms are used in the asphalt production. The solvent is recycled in the process
with minor losses (5~10%).

Figure 17 illustrates the simplified process flow sheet of the SNAMPROGETTI process
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Figure 17 Snamprogetti simplified process flow diagram
Source: Snamprogetti
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4.11 Vaxon process

Vaxon technology also known as VCFE (Vacuum Cyclon Flash Evaporator) was
developed in Denmark. The advantage of this process is the special vacuum distillation
unit detailed below where the cracking of oil is highly decreased.

411.1 Process description

The basic steps of this process are as follows:

Fractionated vacuum distillation:

In this initial stage, water, light hydrocarbons, metal compounds and other bituminous
elements are separated out. This stage takes place in four modules under different
temperature and vacuum conditions, and base oils that are suitable for the following
treatments are obtained in the last two modules.

Chemical treatment:

In this step, the base oils from the previous stage are treated with potassium hydroxide,
using temperature control and cleaner oil is obtained. Drying of the oil occurs during
this stage. The polycyclic aromatic hydrocarbons are separated by solvent refining with
polar solvents (dimethyl-formamide, n-methyl-2-pyrrolidone, etc.).

Vacuum distillation:
In this final stage, vacuum distillation is performed to obtain a product that is
appropriate for the needs and conditions of the market.

4.11.2 Process features and drawbacks

This technology enables base oils to be obtained that are suitable for the manufacturing
of new engine oils and industrial lubricants. It is claimed that these are high quality oils
that have been approved according to the strictest regulations that exist at the present
time. In environmental terms, this is a clean technology because the waste that is
generated in the process is re-circulated in the same process.

Figure 18 shows the Vaxon Process simplified Block Flow Diagram.
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Figure 18 Schematic of the VAXON re-refining process
Source UNEP (2012)

4.12 Interline Technology

This technology was developed by Interline Resources Corporation. It can be applied
for production of different oils for vehicles (e.g. motor oils, transmission oils), industrial
oils and process oils. The European Environmental Press awarded its 2003 Bronze
Medal for Interline Resources Corp.'s re-refining technology (BW, 2004).

4.12.1 Process description

The basic steps of this process are as follows:

Solvent extraction:

The used oil feed is mixed with propane and the mixture is then sent to a specific
solvent extractor, a proprietary system. Most of the additives, water and other
insolubles are separated from the propane/base oil mixture. Then, the solvent/oil
mixture is pumped to an oil/solvent separation system. The propane is vaporized at a
pressure high enough to allow the propane to be condensed at the cooling water
temperatures. The recovered propane is then returned to the solvent extractor to be re-
used with incoming used oil.

Flash and Vacuum distillation:

Propane free oil is sent to a light hydrocarbon stripper where the last traces of propane
and low-boiling hydrocarbons (gasoline) are removed.
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Filtering:

The flash adjusted oil is then directed to a traditional vacuum distillation column. The
distilled lubricating oil product is a high quality base oil which, with a clay polishing
step, can be blended and marketed as a virgin quality lubricating stock.

4.12.2 Process features and drawbacks

It is claimed that with his process, it is possible to produce 70-75% base oil by separating the
water, degraded additives, wear metals and other contaminants in the oil. Propane
extraction of the entire used oil stream results in a number of significant
technical/economic advantages over traditional re-refining technologies that do not
include a hydrogen treatment stage (Kajdas, 2013). The Interline technology eliminates
the need for wiped-film distillation (CEP, KTI, Safety Kleen) because the extraction
phase removes most of the used oil impurities that cause problems in traditional
distillation columns. As the process also eliminates the need for a hydrogen finishing
stage, it cannot handle waste oil contaminated with PCBs. The process operates without
extensive pressure and temperature (Giovanna et al, 2003). The operating and capital
costs are relatively low.

The simplified process flow sheet is illustrated in Figure 19.

4.13 ROSE/Kellog technology

4.13.1 Process description

The ROSE (Residuum Oil Supercritical Extraction) process was developed by Kerr-
McGee and sold to Kellog. This technology allows the treatment of used oil mixed with
grease. The basic steps of this technology are:

Solvent extraction:

In this step, the used oil is extracted with propane in two stages. In the first stage,
asphaltenes are removed by subjecting the oil to a specific temperature and pressure. In
the second stage, the de-asphalted solution of oil and solvent is subjected to a
supercritical temperature and pressure that facilitates the separating out of the oil and
solvent, which can then be recovered and reused in the cycle.

Vacuum distillation:

In this step, the solvents are separated from the lubricants by subjecting the oil — solvent
mixture to vacuum conditions (40-200 °C and 1-100 kPa)

Hydroprocessing:

Finally, the solvent-free extracts go through hydroprocessing to improve the content
quality.

The simplified block flow diagram is illustrated in Figure 20.
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4.13.2 Process features and drawbacks

The process is claimed to enable energy and capital cost savings over other solvent
extraction processes. This technology permits the treatment of used engine oils mixed
with lubricating grease, provided that the content of the latter does not exceed 5%.
Grease is made up of 85% of oil. This technology enables important energy savings to
be made, due to the recovery of the solvent in supercritical conditions. As with Interline
technology, it also allows the oil content in grease to be recovered.

4.14 Acid/Clay (Meinken) process

Although this technology is phasing out, it is described briefly below and is carried out
as follows:

4.14.1 Process description

The process consists of the following steps:

Pretreatment:

The waste oil is filtered to remove any solid impurities. The oil is dewatered in large
settling tanks wherein the heavier water settles to the bottom of the tank and the lighter
oil floats on top. The water at the bottom is drained off and should normally be treated
before disposal. However, this does not remove the water completely and a small
quantity still remains.

Figure 21 shows the flowchart of the process.

4.14.2 Process features and drawbacks

For economic reasons and because of environmental pollution inherent to the treatment
of acid clay/earth, the technology is no longer in use. The process involves problems of
internal corrosion and disposal. The main advantages of this process are the low
investment and maintenance costs, the possibility of treating low quality used oil and
ease of handling the process itself. The process cannot remove sulphur compounds,
polycyclic aromatic hydrocarbons. Final product quality is related to the quality of raw
material. There exists modified Meinken process that includes the use of thin film and
contact distillation techniques.
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Figure 21 Acid/Clay re-refining process
Source: Giovanna et al ( 2003)

4.15 ENTRA technology

This technology developed by the ENTRA Company is similar to the distillation/clay
treatment approach, being also based on distillation and clay polishing. The difference
lies in the fact that the vacuum distillation is carried out in tubular reactors.

4.15.1 Process description

The basic steps of this process are as follows:

Preliminary stage:
A vacuum distillation stage at 130°C and 100 mm Hg. pressure. The stage involves the
separating out of water and light elements.

Cleaning stage:

In the tubular reactor, the used oil gets converted into a vapor due to the rapid increase
in temperature. The vapor is then subjected to fractionated condensation. The
evaporation process is produced by injection of the oil at a constant speed and at a
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temperature of 400°C. The oil obtained in this stage is free of solid impurities, and metal
and other elements.

Discoloration and purification stage:
At this stage, the visual appearance of the base oils is improved. The chlorinated
compounds are removed through the addition of Sodium.

The simplified process flow diagram is illustrated in Figure 22

4.15.2 Process features and drawbacks

It is claimed that it is a high performance process in which control of the temperature is
highly important for obtaining the required results. The process is considered to be
clean technology according to the IACT (International Association for Clean
Technology). The TUV analysis (Technische Uberwachungsverein) shows the total
elimination of PCBs. The main drawback is the handling of sodium, which is complex
and hazardous.

Tubular Vacuum
reactors towers Fuel
Fuel
>
oA v
Sodium Clay

Waste
oil

y
q-----

Diesel oil

» Spindle

» Base oil

Fuel

Figure 22 ENTRA simplified process flow diagram
Source: Audibert (2006)
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4.16 RTI technology

This technology is based on the Vacuum Cyclone Distillation/Clay Treatment technical
principle. This process also enables plants that are based on acid/earth technologies to
be transformed to RTI technology.

4.16.1 Process description
The basic steps of the process are as follows:

Separation:
In this step the used oil is dehydrated and heated

Flash/Vacuum distillation:
Water and light hydrocarbons are removed

Earth treatment: In this step, the feed is treated with activated clay to improve the
properties.

Vacuum distillation:

In this stage the additives and pollutants that are still in the used oil fraction are
separated. Waste oil is dewatered, heated and flashed and then distilled for water and
light hydrocarbons removal.

Figure 23 illustrates a simplified block flow diagram.

4.16.2 Process features and drawbacks

It is claimed that cyclonic distillation decreases coke formation and, as a result, reduces
fouling of the equipment and increases the stream factor. Oily clay residue is disposed
of in landfill while vacuum tower bottoms can be used in asphalt industry.

The quality of the product is not very high, because technology uses clay treatment but
not hydrofinishing.
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Figure 23 RTI simplified block flow diagram
Source Giovana et al (2003)

4.17 SOTULUB technology

This technology was developed by Societe Tunisienne des Lubrifiants (SOTULUB). It is
based on the injection of a strong base at various stage of the process.

4.17.1 Process description

The SOTULUB process consists of the following steps:

Dewatering:

In this section, water and light hydrocarbons present in the used oil are separated by
flashing: Used oil entering the process unit is preheated in heat exchangers at about
160°C by recovering the heat of the distillates from the distillation and fractionation
columns then mixed with a small ratio of ANTIPOLL. Antipoll, an alkaline product, is
injected to the used oil under dosing rate control. The mixture is drawn into a flash
drum were water and light hydrocarbons are separated under atmospheric pressure
and then treated separately.

Gas oil stripping;:

In this section, gas oil present in the dehydrated used oil is separated under vacuum.
The dehydrated oil is heated again to approximately 280°C and drawn to a stripper
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where gas oil is removed from the oil under vacuum, then condensed and stored for
eventual reuse.

Vacuum distillation:

In this section the lubricating fractions contained in the used oil are distilled out under
high vacuum conditions: The stripped oil is delivered to a distillation column coupled
with a thin film evaporator where it is distilled under high vacuum. This operation
results in a distillate and a bottom asphaltic residue where heavy metals, chemical
additives, polymers and degraded products are concentrated. The residue is stored then
reused for other ends. The unflashed oil flows under gravity to the thin film evaporator.
The flash vapours generated in the evaporator flow to the distillation column where
they are fractionated into light and heavy distillates.

The simplified process flow diagram is shown in figure 24.
4.17.2 Process features and drawbacks

In this process no finishing step is required hence a decrease in the investment cost but
a low quality product. The process is based on KTI technology which was modified by
Sotulub which operates a 16000 tons/y plant in Tunisia.
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Figure 24 SOTULUB simplified process flow diagram

Source: Sotulub
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4.18 MRD Technology
The technology based on liquid-liquid extraction was developed by Mineralol-
Raffinerie-Dollbergen (MRD) in the mid-1990s. It is claimed to be one of the latest

solvent extraction processes.

4.18.1 Process description

The MRD process consists of the following steps:

Dewatering stage:
Atmospheric distillation is used for separating water and low-boiling fractions

Vacuum distillation and thin film evaporation:

The extract recovery section also consists of a distillation and a stripping column. Pre-
treated oil is vacuum-distillated with production of a gas oil fraction. Then it is sent to a
special extraction column, where base oil fraction is separated from the extract by
specific solvent(N-Methyl Pyrrolidone), which allows quantitative removing of PAH
and preservation of the positive impact of low temperature viscosity behavior of these
groups of oils.

Solvent Recovery:

The humid solvent separated in the stripping columns of the Raffinate and Extract
recovery sections is returned to the solvent drying column, where excess water is
removed. The “dry’ solvent is also returned to the solvent tank. From there, the dry
solvent can again be used for extraction purposes in the extraction column.

4.18.2 Process features and drawbacks

The MRD solvent extraction process is considered the latest development for refining
vacuum distillates from used oils. It is claimed that the novel process developed by
MRD completely satisfies the requirements existing for a modern technology for
producing from used oils high-quality base oils, the properties of which in some
respects are even superior to those of the classical solvent raffinates produced from

petroleum.

A plant is operating near Hanover, in Germany. The re-refinery has a capacity allowing
it to process 230,000 MTPY of used oil and oil-containing liquids. 120,000 MTPY thereof
are used as feedstock for the production of 70,000 MTPY of new base oils.
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The simplified process flow diagram is illustrated in Figure 25.
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Figure 25 MRD simplified process flow diagram
Source: Speight et al (2014)

5 Comparison of available technologies

In light of the foregoing technology review which covered only some technologies

which have found their way into commercial application, it can be seen that these

technologies, albeit consisting of different unit operations, are all based on a sequence of

steps which can be grouped under three main heading: Primary treatments, secondary

treatments and finishing treatments. The process always starts with a primary

treatment, followed by a secondary treatment and finally a finishing (tertiary)

treatment. Full details of the various treatments are provided in Audibert (2011). A brief

overview is given below:
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5.1 Treatment steps

i) Primary treatments
Primary treatment is the first stage of any re-refining process. It is all too common for

re-refining technologies to start up with a primary treatment which is designed to
remove an important part of the used oil contaminants such as water, light
hydrocarbons, sludge, coarse particles, etc. For this, each technology uses a particular
method, or even a combination of several. Methods may include, but are not limited to,
the following: Filtration, settling, decantation, centrifugation, dehydration, heating,

thermal treatment, atmospheric distillation, demetallization , chemical treatment, etc.

ii) Secondary (Separation) treatments:
In order to remove additives such as heavy metals, sludge, etc., each technology uses a

separation procedure. In the acid/clay technology, an acid is used to settle out the oil
followed by an earth (clay) treatment to remove other contaminants. Other technologies
use chemical processes such as solvent extraction (Interline, Rose/Kellog), or physical
methods such as vacuum distillation (PROP, KTI, IFP). Secondary treatment re-refining
technologies include, but are not limited to, the following: physical-chemical treatment,

thermal treatment, solvent extraction, vacuum distillation,

iii) Tertiary (Finishing) treatments

While the earlier stages (i.e. primary and separation treatments) allow the re-refining
technology to achieve a contaminant-free base oil, a finishing step is necessary in order
to obtain a commercially viable base oil that is appropriate for the needs and conditions
of the market, especially in terms of odor and color characteristics. As in the previous
stages, each system uses a different unit operation to “finish off the look” of the end
product. Methods may include, but are not limited to, the following: Bleaching,
hydrotreating, fractionation, treatment with zeolites, vacuum distillation.

Table 3 summarizes re-refining technologies where the unit operations corresponding

to major steps are sequenced in order of occurrence.
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Distillation/Hydrogenation Distillation/Solvent
processes extraction processes
\SQ‘L
Technology . * NQbo 5? «
Unit \ﬁg/ “og o $ ,9% 2 $§’ &
operation! &/ n\g R Aéo & ;Q@_\' Q & S QSC &/ g
F/E/E)S/E/E//S)S )5/ )S/E/E5 /S
Atmospheric distillation| 1 1|2 1 1 1 1 3 2|1
Pretreatment 1 1
Demetallization 1
Separation 4
Solvent extraction 3 4 (25 1 1
Solvent recovery 4 3 2
Acid and clay treatment 4 2
Vacuum distillation 2 3 2 2 2 2 4 1 4 2 [35
Chemical treatment 2 4
Hydrogenation 3[3[4|3|3]3 35| 6 8
Thin-film distillation 2 3 3
Fractionation 4 15]5 4 4

1.the number correponds to the order of the operation in relation to each technology .
i.e. 1 corressponds to the first operation, 2 to the second and so on.

Table 3 Applied technologies and their corresponding unit operations
Source: Own elaboration

5.2 Classification by categories
Over the years, the re-refining processes have tended to converge towards three main
generic categories which can be described under three broad headings:

5.2.1. Hydroprocessing (vacuum distillation/hydrogenation) processes
Hydroprocessing processes involve a sequence of operations in the order. The
hydrotreating process accomplishes this by two main processes: 1) the removal of
contaminants and 2) the saturation of aromatics and other unsaturated compounds to
meet base oil specifications. In this category can be included such technologies as KTI,
CEP, Hylube, PROP.

5.2.2  Solvent extraction processes

In oil refining, solvent extraction is generally applied to vacuum distillates to improve
the properties of virgin base oils. The technology has now been successfully used in re-
refining. As was discussed earlier, the solvent extraction can be accomplished using
various solvents such as propane (IFP, Snamprogetti), N-Methyl-2-Pyrrolidone (Probex,
Vaxon)
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5.2.3 Acid/Clay processes

As discussed earlier, an acid (generally sulfuric acid) is used to extract oxygen
compounds, asphalt, resin derivatives, other nitrogen and sulphur-based compounds
and metal contaminants from the used oil. The active clay removes the color and odor.
The acid/clay based processes are obsolete and are no longer in use. Some existing

plants have been converted to operate under new technologies such as RTI.

5.3  Which technology to use?

There is no single “right technology” for re-refining. Each technology has both merits
and shortcomings. The method employed to re-refine waste oil depends on many
factors such as the nature of the base stock, the nature and amount of contaminants, and
many other economic factors. Suffice to say that today modern technologies seem to be
converging towards a two-step procedure: vacuum distillation of dehydrated used

lubricating oil and subsequent hydrotreatment of distilled stocks.
Among these technologies, we can list: Mohawk, Safety Kleen and Revivoil.

Table 3 summarizes the advantages and disadvantages of the various re-refining

methods.
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Technology Advantages Disadvantages
Low capital investment. Makes it most cost ~ Hazardous by-products are produced,
effective for small and tiny scale plants. including acid tar and oil saturated clay.
Requires no advanced instrumentation, no Waste disposal problems and environmental
skilled workers. drawbacks.
Proven technology that worked for many High operation costs, continuous clay
Acid/Clay methods years worldwide consumption, disposal cost of spent clay. The

process requires high temperatures.
High clay consumption, low yield,
inconsistent quality

Lower yield due to loss of oil in sludge.
Life span of the equipment used in acidic
environment is reduced.

Hydroprocessing
methods

Product quality and yield are high (API
Group II Base Oil),

PBC and Chloride can be eliminated
efficiently

PNA can be eliminated efficiently at high
pressure and temperature

The process requires high pressure, high
temperature and hydrogen usage

It requires high safety standards, H2S and
HCI can be generated during the process
Investment cost and operational costs are
high, operational efficiency is low

A separate facility needs to be established on
the field in order to provide hydrogen to the
process continuously

Expensive catalysts are required

Solvent extraction
methods

API Group II/II+ Base Oil can be produced
based on the quality of the waste oil.
Toxic Polyaromatic Hydrocarbons (PAH)
and PNA can be completely eliminated.
All of the synthetic base oil compounds like
PAO / hydrocarbon oils are preserved,
The process is carried out under lower
pressure and temperature compared to
other technologies.

The process has high product operational
efficiency.

Small quantities of waste and comtaminants

are generated, waste disposal cost is low

The product quality is dependent upon the
waste oil mixture used as feedstock.

High quality feedstock is required for high
quality Group II, Group II+ base oil.

In hydro processing, with hydrogen
saturation, the product quality is not
dependent on the quality of the feedstock.
Based on the waste oil used, the solvent costs
can be high

Table 4 Advantages and disadvantages of re-refining technologies
Source: Own elaboration. Data compiled from PETDER

2016 plat Acalal) g 533l 533LaM Aralall Ergd pols Sk

il Eal



172

@l (glaiily daadi Alxe
161 sandt - 2017 (yaa9,¥1 9 CILSY lmalt

6 Environmental implications of re-refining of used lubricating oils.

Used oils are characterized as hazardous wastes under Basel convention and, therefore,
must be handled in accordance with the provisions thereof. Their disposal in the
environment is dangerous for the natural systems, be it water, land or air. Initially
theses waste oils were either discarded in landfills or burned to recover energy. Both
disposal methods were considered, and rightly so, to be harmful to the environment. In
the 1970s, growing environmental concerns in industrialized countries have favored the
re-refining option over these recycling methods. There have been several studies in
recent years to assess the implications of re-refining of used lubricating oils on the
environment through a specific process called LCA (Life Cycle Assessment). Briefly, an
LCA is a study based on the review of the environmental impacts of a product
throughout its life cycle. It is a widely accepted framework that is used to assess the
environmental impact of a given product or process. As far as used lubricating oil is
concerned, many studies have been conducted to assess its potential impacts on the
environment (Vold et Al, 1995; GEIR, 2005; IFEU, 2005, OECD, 2006; CAL, 2013). In
these studies, re-refining was compared to the combustion of used oil as fuel with
energy recovery. These studies have demonstrated that substantial environmental
improvements can be obtained by re-refining used lubricating oil instead of burning it

for energy recovery.

Vold et al (1995) have reported that re-refining of used lubricating oil reduces the
potential environmental impact in relation to the burning of waste oil, in particular the

contribution to acidification and global climate change are reduced.

As illustrated in Figure 26, re-refining used lube oil to lubricants emits less atmospheric
pollutants (CO2 emissions are 40% lower) and consumes less energy (66%) than the

refining of crude oil into lubricants.
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Figure 26 Impacts assessment results of re-refining vs. virgin refining
Source: Own elaboration with data from ICS-UNIDO as cited in Kari-Matti (2013)

In a recent study, Grice et al (2014) showed that the carbon footprint of re-refined base

oil is 81% lower than virgin stock-derived base oil that is not re-refined.

A life-cycle analysis of waste oil regeneration versus incineration of waste oils in cement
kilns, finds that re-refining is less environmentally damaging (OECD, 2006). In a study
undertaken by Broughton and Horvath (2004), it was found that the impact with respect
to air and water pollution emissions and generation of solid waste are approximately
equal but emissions of heavy metals are much more severe for burning.

IFEU (2005) have reached the same conclusions as regards the environmental impacts of
re-refining versus combustion. Their study concludes that the majority of advantages
are in favor of re-refining which also causes far less environmental impact than
processing base oil from crude oil. Re-refining therefore clearly leads to a decrease in
environmental burdens. Figure 27 shows the relative differences between the
environmental impacts of re-refining and combustion considering both substitution
scenarios. It is evident that for both scenarios the majority of advantages are in favor of
re-refining.
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Figure 27 Overview of the impact assessment results (re-refining vs. combustion of used lube
oil)
Source: reproduced from IFEU(2005)
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Figure 28 Overview of the impact assessment results (re-refining vs. primary
production)
Source: reproduced from IFEU(2005)
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Likewise, re-refining represents an environmental benefit over primary production of
virgin base oil from crude oil. As illustrated Figure 28, the benefits of re-refining are not
limited to displacing atmospheric pollutants but extend to resource conservation.
Primary production of lubricants contributes significantly to oil depletion. At least 600
tons of lubricating base oil can be recovered from each 1000 tons of used oil, whereas
6000 tons of crude oil is required to produce this amount of lubricating base oil
(Bridjanian et Al, 2006). Moreover, environmental issues such as global warming,
acidification, fine particulates emission, etc, are attenuated, but not eliminated, when re-
refining is used in lieu of primary production.

6.1  Environmental implications of used oil burning

When used lubricating oil is burned as a fuel for energy recovery, the benefits are
limited. In a controlled combustion process such as in steel mills or cement kilns, used
lubricating oil can be burned in order to recover its heating value. According to EPA
(1996), one gallon of used oil processed for fuel contains about 140,000 BTUs of energy.
The heat recovery option certainly provides valuable energy, but the product is
destroyed and cannot be recycled again as in re-refining. This alternative, however, is
not without problems for burning of used oils generate toxic emissions and non
degradable products. According to US EPA, potential pollutants include carbon
monoxide, sulfur oxides, nitrogen oxides, particulate matter, toxic metals, organic
compounds, hydrogen chloride and global warming gases (carbon dioxide, methane).
Moreover, if burned at low temperatures, it releases a range of toxic compounds directly
into the atmosphere. Thus, for each ton of used oil burned, 2.9 tons of CO2 are released
into the environment. What's more, the used lube oil which is burned produces a
carbon footprint eight times greater than re-refining (Gray, 2014). It is estimated that
every one hundred million gallons of re-refined used oil consumed avoids over 650
million metric tons of greenhouse gas emissions- that’s equal to the carbon sequestrated
by growing over 19 million trees for 10 years in an urban area (Knapp, 2013). In short,
uncontrolled burning results in significant levels of hazardous emissions to the
atmosphere.

6.2  Unsafe disposal of used oil

When used oil cannot be re-refined or recycled as fuel, it is often disposed of in landfills
or burned without heat recovery. In both cases, the heating value is lost. If improperly
disposed of (i.e. illegal dumping), used lube oils can pollute the environment to a point
of no return. It is estimated that each volume of used oil can pollute at least 250000
volumes of water (Bridjanian et Al, 2006), hence its disposal in landfills can pose serious
environmental problems. Studies have shown that it takes up to 20 years for a
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contaminated spot to return to a healthy condition (Avadhut, 2011). What’s more,
harmful impacts include toxic contamination, destruction of food resources and habitats
and impaired reproductive capability.

In view of the foregoing, although re-refining of used lubricating oils is an expensive
option and requires skill and expertise, on the question of environmental impacts it is
by far the most viable option. The choice between re-refining and the energy recovery
method (i.e. burning) depends upon the environmental legislation and the market
conditions prevailing in the concerned country. GEIR (2005) advises to give priority to
re-refining “insofar as there is no indication by life cycle assessment that there are
options which deliver better overall environmental outcome”. The waste management
hierarchy is illustrated in Figure 29. Re-refining of used lubricating oil is ranked as the
best option in the waste hierarchy by the European Waste Framework Directive
2008/98/EC.

Best solution
Re-refining

Burning (Clean)
Burning (Dirty)

Illegal disposal
Worst solution

v

Figure 29 Used oil disposal hierarchy

7 Economic viability of the re-refining process and its role in improving

the added value of oil industry and natural resources conservation.

7.1  Economic viability of the re-refining process
From the environmental perspective, re-refining is certainly the most preferred

recycling option. However, its economic viability depends, at the project level, on the
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scale and the economics of the operation. On a broader level, the re-refining process is
impacted by the price of crude oil, the country regulations concerning the handling of
used lube oil and the tax policy on recycled lubricating oils. The re-refining industry has
quite often experienced business cycle upturns and downturns as a direct consequence
of being subjected to fluctuations in the crude oil prices. The 1973 OPEC oil embargo
led to a tripling of crude oil prices, stimulating interest in used oil recycling (Ray, 2014).
OPEC oversupply in 1986 led to crude oil prices collapse with a correspondingly
marked decline in the selling price of re-refined base oils (Fuchs, 2010). Currently the oil
prices have reached record lows and if the past is any indication of the future, clearly
the re-refining industry will be in very challenging times. This being said, in this section
we will discuss key parameters which we feel to be important to take into account in

assessing the economic viability of a re-refining process.

7.1.1 Operating costs

Operating costs are comprised of variable costs and fixed costs. The variable costs
depend mainly on feedstock cost, utility costs, and catalysts & consumable costs. It can
be seen from Figure 30 that the fixed costs represent more than 50 % of total operating
costs, regardless of the technology. Should the production drop, the operating cost per
ton will increase. As a result, the re-refiner experiences a period of increasing costs and
at the same time stable or decreasing base oil prices. This is the so-called cost-price
squeeze. In order to limit the effect of the cost-price squeeze, it is important for the re-
refiner to operate at or near full capacity. This explains why it is so important to secure
feedstock availability. When the feedstock is made available at sufficient quantities and

at a reasonable cost, the economic viability of re-refining can be achieved.

7111 Feedstock cost and availability

Control over the used oil supply chain is a key success factor to economic viability of
the operation depending itself not only on the availability of the waste oil in substantial
amounts but on the existence of an efficient collecting system. Ultimately, the collecting
system will influence the cost of used oil because this latter is practically equal to the
cost of collection and transportation to the site. Economically, the feedstock cost
depends on alternative applications. In other words, the value at which the feedstock is
valued depends on the opportunity cost depending itself, in the case of used lube oils,
on the cost offered by the used oil burners. By securing the feedstock, the re-refiner can

afford to operate at or near capacity. This is not something self-evident as, in many
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countries, the quantity of used lube oil that can be made available for re-refining may be
a limiting factor. According to OECD (2005) and Audibert (2011), the breakeven point
for a re-refinery corresponds to a minimum capacity of 60000 MTPY. CEP, a technology
licensor, claims that a minimum annual capacity of 20000 metric tons of feed is
necessary in order to generate a reasonable profit (Park, 2012). The only way for re-
refiners to guarantee a constant feedstock supply and to keep the feedstock cost
sufficient low, is to develop their own used oil collecting service. Integrating vertically
with used lube oil collectors is an option seriously envisaged. As a matter of fact, some
re-refiners are planning vertical integration through the acquisition of used oil

collection companies (Choi, 2013).

Even when the feedstock constraint is relieved, other constraints are likely to be more
binding on the economic viability of the operation which could be affected by such

parameters as the base oil selling price.

7.1.1.2 Base oil selling price

Even when the operating costs, and more specifically the feedstock cost, are under
control, other constraints such as the selling price are likely to impact the profit margin.
The selling price of the re-refined base oil is beyond control of the re-refiner as it is
linked to the selling price of the virgin base oil depending itself on the crude oil price
fluctuations. Due to low crude oil prices, the base oil market today is quite different to
that which existed in the early 2010s. The market conditions are going to be difficult
with the virgin base stocks prices facing downward pressure as a result of falling oil
prices. Major lubricant producers have announced a general decrease in lubricant prices
(Glenn, 2015). The price decrease is not going to be without impact on the price of re-
refined lube oils and subsequently on the economic viability of the re-refining

operation.
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Figure 30 Operating costs for different re-refining technologies
Source: Own elaboration with data from (Audibert, 2006)

7.1.3 Capital costs

Graziano and Daniels (1995) have concluded in their study that the capital costs
associated with re-refining have long been identified as an obstacle to the expansion of
the re-refining industry. For the specific case of Middle East/North Africa region, the
capital costs structure is a mixture of the costs of imported equipment and material
together with local costs such as feedstock, utility and labor. These costs are in general
site specific and usually location factors are used to convert them to local conditions.
The fact that the most important cost factors such as engineering, equipment, skilled
labor, erection, etc., have to be outsourced aggravate the investment cost which is a
strong function of the technology employed. Contrary to what one might think, the
relation between the investment costs and the production capacity is not linear.
Increasing the capacity ensures the economies of scale and costs savings. Figure 31
shows the variation of capital costs versus capacity for a grassroots re-refinery based on
CEP/Mohawk technology described earlier. It also highlights the fact that the relation
between the investment costs and the production capacity is not linear. The higher the
capacity of the plant, the less the capital cost is required per metric ton of used oil
processed. For a 50000 MTPY capacity, the capital costs amount to US$ 40 million.
Doubling the capacity to 100000 MTPY increases the capital costs by only 55%. Just like
in crude oil refining, the economies of scale are an important factor to consider in re-
refining profitability.
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Figure 31 Capital costs versus capacity for a grassroots re-refinery
Source: Reproduced from (Park, 2012)

7.1.4 Profitability

In order to compete, the re-refined lube oil must be sold at a lower price than virgin oil
base stocks. Actually, re-refined base oils have always been linked to virgin base stocks
depending themselves on the price of crude oil. Historical re-refining margins were in
the range of $1.0 per gallon and $2.5 per gallon during the 2010-2014 period. Up till
now, this spread has provided re-refiners with substantial revenues. But this boom
period may be over as the industry's specific cycle is declining and falling oil prices are
starting to have an effect on the re-refining industry. Kline’s November 2015 report
(Globenewswire, 2015) showed a steady decline in re-refinery margins and Kline went
on to predict that prospects for a short term rebound in re-refinery cash margins are
limited.

The re-refining industry is constrained both by feedstock cost and product prices which
are dictated by oil product prices. While a high feedstock cost will put pressure on
profits margin, a low base oil selling price will make it difficult to maintain these
profits. The re-refiner has no control over the base oil market, and is usually forced to

accept the market price if he wants to sell its products.
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Figure 32 IRR at various feedstock and base oil prices (Base: 40000 metric tons re-refinery)
Source: own elaboration with data from Park (2012)
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Figure 33 IRR at various feedstock prices and operating capacities at constant base oil price (US$
1138 per metric ton)
Source: own elaboration with data from (Park, 2012)
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Recently published data on the economics of re-refining lubricating oils has been
reported by Park (2012). The data which is illustrated in Figure 32 shows that the IRR
(Internal Rate of Return) for production of re-refined base oils increases with increasing
base oil price at a fixed used oil price. Conversely, the IRR decreases with increasing

feedstock cost at a fixed base oil price.

Also, the IRR increases with increasing capacity, at a given base oil price. This is
illustrated in Figure 33 where the internal rate of return is better for a bigger plant. The
return for a 165,000 MTPY plant at $450 feedstock cost and $1138 base oil price is about
70% while it is about 33% for the 40,000 MTPY plant for the same used oil and the base
oil prices.

The results presented here are relative and only indicative of trends based on the
CEP/Mohawk technology. The case study shows that the internal rate of return is
dependent on the feedstock cost, the base oil selling price and the operating capacity.

In light of the present day situation, the economic viability of re-refining appears to be
critical and much will depend on the will of authorities to provide subsidies or tax
advantages, which will enable existing re-refiners and potential investors to survive the
oil industry ups and downs. According to Audibert (2006), all the economic evaluations
have shown that the re-refining industry can only survive with financial support. This
support which can take many forms, is offered in many countries including, Germany,
Italy and England (Oakdene, 2005). Brazil and Indonesia, have established tariffs or
restrictions on lube oil imports that have provided support for local re-refining firms
(Challener, 2012). In Italy, re-refined base oil benefits from a tax reduction compared to
virgin base oil. Re-refining projects requires support across many of the key parameters
critical to their success, such as financing, feedstock management, and legislation.

7.2 Role of re-refining in improving the added value of oil industry and
natural resources conservation

The crude oil industry gross added value is derived mainly from the refining activities.
In general, the value added can be improved by increasing sales, reducing operating
costs, adopting new technologies or upgrading of a low value (waste) stream. In that
regard, re-refining of used lubricating oil represents an opportunity to add more value
to oil industry. Lubricating oil is one of the most valuable components of crude oil and
costs 52% to 68% more than conventional petroleum products such as gasoline and
heating oil (DOE, 2006), notwithstanding the fact that the proportion of crude oil that is
refined into lubricant base oil is only 1% of the total. The high price reflects the higher
manufacturing costs, including energy costs, of the base oils compared to standard
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petroleum products. Even though the economic contribution of the re-refining industry
to the overall petroleum industry is often low, largely due to the small quantities being
recycled, a substantial energy savings can be realized by choosing this recycling option.
It has been previously pointed out in section 7 that re-refining consumes less energy
(50% to 85% less) than the refining of virgin oil into lubricants. The energy savings can
be translated into reductions in crude oil consumption. As previously indicated in
section 1, used lubricating oil contains about 70% base oil which can be recovered
through re-refining. According to GEIR, re-refining one barrel of used lube oil saves
about 70 barrels of crude oil. Estimates indicate that recycling used oils can save
millions of barrels of crude oil annually. By recycling used lubricating oil, a crude oil
importing country would save an enormous amount of money in its energy bill. As an
illustration of the savings that can be made by re-refining used lubricating oil, we take
the specific case of Egypt, the largest oil consumer in Africa, where 240000 tons are
available for collection (cf. Table 1). If we assume only 50% recovery of this amount of
used lube oil as base oil, 84000 metric tons (based on 70% recovery) of base lubricant oil
would be recovered every year. Based on the selling price of $1200 per ton, $100 million
could be generated annually as revenue. Furthermore, re-refining 120000 tons (50% of
collectable amount) of used lubricating oil could preserve 4.7 million tons of crude oil.

8 Used lubricating oil re-refining projects: A case study

The following is a case study of a re-refining project implemented in France in early
2010s. The OSILUB plant is part of a dynamic policy recycling encouraged by the
European directive on waste 2008/98 / EC, which states that countries must give priority
to the regeneration of waste oils at the expense of incineration, which is discouraged.

8.1  Project presentation

The 120000 ton per year re-refining project is located in Gonfreville, France. The owner
is OSILUB. The French regional government granted financial contribution to the
project. In France, regeneration became the norm in 2011 compared to incineration
(52%), reaching 63% in 2012. This figure is partly explained by the start of the new
OSILUB factory, which now has a capacity of 120 000 MTPY. The plant was designed by
STP and completed in 21 months. Raw material is collected from France and from North
Western Europe (England, Benelux).

The STP technology has been described earlier in section 4.6. The simplified process
flow diagram is illustrated in Figure 13.
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8.2  Feedstock and product analyses

Table 5 shows process figures, including used oil composition, product’s characteristics
and utilities consumption. It is claimed that 95% of the oil fraction present in the used

lube oil feedstock is recovered. These data have obtained from CEP website.

Process figures

Used lube oil composition

Composition, wt% Normal Min-Max
W ater 5.0 2.0-10.0
Light ends 2.0 1.0-4.0
Gas oil 3.0 1.0-4.0
Oil fraction 78.0 65.0-18.0
Asphaltic Residue 12.0 10.0-18.0

Product characteristics

Characteristic ASTM Light fraction Heavy fraction
Color D1500 2.0 2.3
Density D1298 860 868
Viscosity, cst @40°C D445 15-20 30-50
Flash point, °C D 92 205 220
Sulfur content D4294 0.30 0.35
Metal content, ppm D6595 <10 <10
Utilities Consumption
MP Steam, Kg/h 3400
Thermal oil, Kcal/h x 10° 3.60
Cooling Water, m®/h 490
Electric power, Kwh/h 320

Table 5 Process figures of the STP project
Source: STP

8.3  Process economics
For the purpose of the economic evaluation, the following assumptions have been

made:

Plant capacity: 120000 metric tons per year
Plant location: Gonfreville, France

Cost basis: 2012/2013

Stream factor: 8000 hours

Depreciation: 10 years
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Used lubricating oil cost: US$ 330 per ton. In France, the used oil cost was about $330/t
in 2011 (Ballerini, 2011).
Utilities costs:

Electric power: $0.067/KWh

Steam: $ 30.61/ton

Thermal oil: $ 283.5/ton

Cooling water: $ 0.256/m>
The utilities costs for cooling water, electric power, steam and thermal oil have been
obtained from INSEE (2013).

The estimated fixed capital cost is US$55 million (Infineum, 2013). The total investment
cost includes the fixed capital, interests on loan and start-up cost. This adds up to US$

74 million.

Labor costs: An average of $20 per ton of feed are assumed (Audibert, 2011):
Supervision and Operators: $300000 per year; 3 operators per shift
Depreciation: Based on 10 years straight line depreciation method, has been estimated

at 46 $ per ton of feed.

Revenues: Sales of products and residue
The selling price of re-refined base oil was assumed to about $1000/t (roughly 10% to
20% less than the price of virgin base oil), in 2013 (year of production start).

Table 6 summarizes the project’s costs including feedstock, operating and investment

costs.

For this case example, the total production cost per ton of feed is US$ 474. The pay-out
time is anticipated to be nearly 2 years, which is acceptable. The investment has
averaged an annual ROI of 25%. This economic evaluation indicates that re-refining of
used lubricating oil can be profitable provided that the feedstock costs are subsidized

by the government, which was the case in this example.
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Investment cost (k$)

Fixed capital cost 55000
Intercalary interests(9% of Fixed capital) 4950
Start up costs(3 months of operating costs) 14200
Redeemable Capital 74150
Operating cost ($/t of feed)
Variable costs $/ton of feed
Raw material 330

Cost of utilities

MP Steam 8
Thermal oil 2
Cooling Water 8
Electric power 2
Total variable cost 350
Labor
Operators and Personnel 25
Total variable cost + Labor 375
Fixed cost
Depreciation (10 years) 46
Maintenance (5% investment) 23
Laboratory expenses 5
Insurance, Licensing fee 25
Total fixed costs 99
Total operating costs 474
Product revenues (total yield of . Production

. Price ($/t)
base 0il=95%) (kg/t)
Water 0 50 0
Light ends 250 20 5
Gas oil 330 30 10
Base oil 800 741 741
Asphaltic residue 125 120 15
Total sales 771
Annual total sales(k$) 92508
Annual operating cost(k$) 56911
Profit before tax 35597
Cash flow (profits + depreciation) 41093
ROI (%) 25
Pay-out (years) 1.8

Table 6 Evaluation of STP project process economics
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9 Future outlook for the re-refining industry in light of decreasing oil
prices

Despite the attractiveness of re-refining, if it is to survive in the open market it must be
able to compete not only with virgin lube oil operations but with used oil burners as
well. It is well known that there is a competition for feedstock between re-refiners and
used oil burners. The market price of virgin lube oils and fuels impacts to some extent
the availability of the used lube oils. Already in the early seventies, it has been observed
that higher virgin fuels prices in relation to those for virgin lube oils will direct used oils
to fuels market (Cukor et Al, 1973). Conversely, used oils will be directed to re-refiners
in case where virgin fuels prices are lower.

Re-refining has long existed ever since the scarcity for crude oil supplies encouraged the
recycling of all types of products including lubricating oils. Overtime, used lubricating
oils have evolved from an environmental liability into an economic asset, thanks to
technological breakthroughs in re-refining. With increasing stringent environmental
regulations it may become a business necessity rather than an option. The continuing
change in reformulation of automotive lubricants has had a corresponding effect on the
global base oil consumption. It was observed that, amid the new trends in the
lubricating oil industry, there is a tendency to reformulate the lubricants towards
tougher specifications, thereby excluding group I base oils out of the newer automotive
lubricants (Moncrieff, 2013). This is corroborated by the decline of the demand in group
I lubricants (Figure 34). The proportion of Group I stocks in global base 0il consumption
has fallen from around 70% in 2000 to 54% in 2012. As a result, group I plant closures
have been observed in Europe and North America (Infineum, 2014). At the same time,
the capacities of group II and III are expanding, at the expense of group I. The acid/clay
technology is declining and its share in the production of lube oil also. In the 1970
nearly 90% of the re-refined base oil was produced by acid/clay technology; by 1974 it
declined to less than 80% and 1977 to less 77% (Liroff, 1977). As of 2012, Group I base
oils with 54% is still the dominant in the global consumption but and it is expected to
continue declining to around 30% by 2030.
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Figure 34 Group I base oil market share evolution over the years
Source: own elaboration

On the other hand, it has been observed that in engine oil formulations, the
conventional mineral-based auto lubricants are being displaced by synthetic products
which have better performance characteristics (Moncrieff, 2005). However, it seems that
some of these mixed-composition lubricants would not be suitable for later re-refining
(Fiedler, 2005). This trend will certainly have implications on the re-refining industry
and it can be expected that it will not be favorable to technologies geared towards
producing group I lubricants. These market trends, i.e. the group I being displaced and
the ever increasing part of synthetic lubricants, along with a number of factors
including technology, crude oil prices, environmental legislation and market
uncertainties, will shape the future of the re-refining industry.

10 Conclusions and recommendations
In this section of the report, an attempt is made to draw the appropriate conclusions
and make the useful recommendations that could be used to promote the re-refining

industry in the Arab countries and elsewhere:

10.1 Conclusions
Within the scope of Arab countries legal frameworks for the management of used

lubricating oil vary from country to country. In some countries, legislation is simply
inexistent.

In Arab countries, only a small quantity is re-refined into base oil. Most of the collected

is either burned or improperly disposed of.
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Used Lubricating Oils if not appropriately treated represent a serious environmental
problem. The direct burning of used oils in conventional combustion devices can create

serious pollution problems.

The re-refined base oils have the same performance characteristics as virgin base oils

made from crude oil.

As far as re-refining technology selection is concerned, a number of criteria need to be

considered before deciding on which recycling technology to adopt.

Re-refining of used lubricating oil is an economically attractive recycling method from

the standpoint of environmental protection and resources conservation.

An efficient used oil collection system is key to successful used oil management

programme.

For many Arab countries, data are not available for the final destination of used

lubricating oil.

10.2 Recommendations
It is advisable to promote public awareness of the improper disposal of used oil and
educate public about the energy and environmental benefits of recycling used oil.

Where legislation does exist, the local authorities should be responsible to enforce the

policies and to implement the regulations set forth.

As demonstrated by Life Cycle Analysis of used lubricating oil, priority must be given

to re-refining of used oil as opposed to its use as fuel oil.

It is recommended to assess the economic viability of any re-refining project taking into
account such parameters as project location, feedstock availability, operating costs and
product pricing.

For a successful re-refining project appropriate measures are necessary, including an
efficient collecting system, state financial support through taxes and levies and

regulations to encourage investment in re-refining.
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Re-Refining of Used Lubricating Oils and its
Economic and Environmental Implications

Jamal Al Harbey

More than a hundred years have elapsed since the fossil fuel energy has become
the preeminent cornerstone of the civilized human society.

Such a position has continuously evolved so that fossil fuel is currently meeting
the lion’s share of the global energy demand. As the twentieth century was themed
with environmental changes- considerations, global warming was linked -by some
institutes- to increasing consumption of fossil fuel, Policies were established and
pledges were made as to address the phenomena. However, extrapolating the current
demand to the foreseen future shows that fossil fuel will remain the major source with
75% share of the energy mix, energy demand in general is forecasted to increase by
40% within the next two decades.

Conventional fossil fuel resources are abundant, but many factors need to be
considered before simple- figure resources could be classified as reserves that could
spin the wheel of development after passing through the world energy markets.

The increase of conventional oil prices has participated in re-evaluating the
resources that once were economically unavailing. Advanced technologies enabled
the utilization of some reservoirs that used to be regarded as cap rocks or source rocks.

Following the success of some countries in the exploitation of their shale oil
resources, the world began to reconsider the possibility of developing this type
of hydrocarbons, some have even argued that the extracted oil might contribute
to changing the shape of the world energy markets by impacting producers of
conventional oil, especially those in the Middle East and North Africa.

Within the last few years, much attention was drawn towards the so called Shale
Revolution in USA, numerous research centers rushed to preach a new petroleum
era that could pause what the consumers accept as the producers’ cartel to which oil
production and prices are attributed. The media in turn enlarged the image as if shale
oil and gas were going to reshape the petroleum industry for good, and provide energy
for pennies.

This study sheds light on shale oil resources and production, and investigates the
obstacles that faces its effective utilization. The study also outlooks current and future
real reflection of shale oil production on the energy market.

The study concluded that there is a remarkable contrast in estimating shale oil
resources and its future potential production around the world. It also noted the main
reasons behind the success of USA in utilizing shale oil and gas of which are the
availability of human resources, considerable investments, governmental incentives,
abundance of water resources, and the vast number of rigs. Kuwait, 2014.
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Chapter 3 deals with virgin and used oil processing where virgin production
steps are discussed briefly as an entrance to the main processing of used oils.
Various processes are discussed in details to demonstrate their relevance to the
modern requirements of lubricants. Processes to treat used oil for fuel purposes
are also discussed.

Chapter 4 deals with burning used oil for fuel and energy recovery, a great
competitor to used oil re-refining. The quantities are discussed on regional basis
to discover the trends and the potential for further re-refining of used oil.

Chapter 5 deals with the economics of re-refining in discussing what affects
this important aspect including supply and demand for lubricants, the impact of
oil prices and the process selection and so on. An important economic model is
also presented which can be used by others in further studies.

Chapter 6 deals with the lubricating oil industry in the Arab countries
including the production and consumption of lubricants. The re-refining plants
and plans in the Arab countries are also discussed. It was difficult to obtain
accurate data here as is the case in other world regions.

Examples of countries experience are imbedded in the relevant chapters
where the experience of Italy is included in chapter 5 and the experience of
Saudi Arabia and the UAE is included in chapter 6.

Conclusions and recommendations are cited in chapter 7 with special
emphasis on what is to be done in Arab countries.

Upfront, the executive summary is a condensation of the most important
aspects of the report which also shows the direction followed in the research.

Needless to say that the lack of expensive consultant’s reports made reliance
on the Internet and public sources paramount. This is sometimes followed by
discussion with private sources in the industry.

I hope this research serves the purpose of OAPEC and that the Organization
would go ahead to promote the collection, controlled utilization and processing
of used oils for the benefit of the economy, environment and the wellbeing of
the Arab people in their different countries.



Re-Refining of Used Lubricating Oils and its
Economic and Environmental Implications

Saadallah Al Fathi

The Organization of Arab Petroleum Exporting Countries (OAPEC) is indeed
fortunate in selecting the theme of this year’s resea rch titled “Re-Refining of
Used Lubricating Oils and its Economic & Environmental Implications”.

Used lubricating oils affect the environment adversely for the pollutants that
they accumulate as a result of deterioration throughout the service life under the
conditions of heat and friction.

At the same time, used oils are still a hydrocarbon resource that should
be conserved as much as practicable to lessen the needs for crude oil and its
products.

While the collection of used oil and its utilization for fuel or in re-refining
industry in the Arab countries is small and limited to few countries, increasing
interest is seen forthcoming and will pick up momentum once the governments
make it a policy to support the industry by laws and regulations and financial
compensation.

The breakdown of the requested research as outlined in (OAPEC)
announcement has been covered here with the variation that was found
necessary to cover the intended purpose especially with respect to burning
used oil for energy recovery and the relationship with virgin lubes supply and
demand. It was found that the used oils question is not isolated and must be
viewed in relation to the overall industry of lubricants and to fuel users as well.

Chapter 1 deals with the history of lubrication and re-refining to see how the
re-refining industry evolved from the consumption of virgin base oils and to
take note of the similarity in processing steps of both.

In chapter 2 the environmental impact and resource conservation of used oils
disposition is discussed with respect to dumping, burning for energy recovery
or processing for base oil production.
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