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Chapter One

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

* Saadallah Al Fathi
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Introduction

The Organization of Arab Petroleum Exporting Countries (OAPEC) is indeed
fortunate in selecting the theme of this year’s research 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.

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.
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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.
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Executive Summary

* Lubricats are known ever since man invented machines. They were either made
from animal fat or vegetable oil. Petroleum lubricants were a byproduct of
refining oil by 1880. In 1923 engine oils were classified according to viscocity.
Lubrication manufacturers used clay and acid treatment to remove undesirables.

* Additives to inhibit oxidation, resist corrosion, enhance pour points, improve
viscosity index emerged in the 1930s. In the 1950s, synthetic lubricants and
multigrade engine oils were introduced and hydro-treating to improve lube oils
in the 1960s. So came catalytic dewaxing and wax hydro-isomerization was used
since 1993 to improve pour point.

* The increased use of lubricating oils generated the problem of the used oil and
dumping in the environment. The first re-refining activities were reported in
Germany in 1921 by simple treatment of used oil or using for fuel purposes.
During the Second World War processing gained ground and the technology of
simple distillation to acid clay treatment was used.

* The increase of oil prices and the tightening of environmental regulations
stimulated growth in recycling and re-refining and the processes were developed
to keep pace with the increasing quality demanded by the market. The first hydro-
treating re-refiner was in the State of North Carolina which continued to work
until 1983 where KTI process was developed and the first re-refinery was built in
California. The newly acquired euphoria for re-refining was driven by further
surges of oil prices in the early 1980s which led to higher base oil prices and
better margins for re-refiners.

* In Europe, Germany has been re-refining used lubricants for more than 50 years
and in Italy, Viscolube was founded in 1963 and Europe became the front runner
of re-refining while processing for fuel continued. In Asia, the re-refining
industry was slow to pick up.

* The collection of used oils is the hardest step in a chain of salvaging the resource
whether for energy recovery or re-refining. The re-refining or fuel processing
plant location should be decided to minimize the cost of convenient collection
which must be regulated by the government.

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



20

@l (glaiily daadi Alxe
161 a2t - 2017 (am3,%1 9 CIL el

* Used oil is mostly generated in the automotive and industrial sectors. They carry
greater risk to health and environment as they contain additives that deteriorate
during use and increase the pollutants level in the oil with dirt, metal scrapings,
water and chemicals which can get into the oil and reduce performance. They
represent the largest amount of liquid hazardous waste in the world which if
dumped slowly leaches into the land and underground water resources.

* Regulations that ensures good housekeeping in generating points, in collection
and transportation of the stuff and in receiving and processing into fuels or re-
refined into base oils is absolutely necessary. Reduction of used oil and treatment
on site is useful when possible.

* Qil degrades by absorbing moisture, picking wear particles and debris,
deterioration of the additives, unburnt fuel, and carbon can in the presence of
oxygen and heat reduce the effectiveness of the lubricant. Disposal is acceptable
only if converting to fuel or re-refining is not practical.

* Synthetic motor oils are synthesised from the products of naphtha or condensate
steam cracking and are entering the market due to their superior performance
thereby reducing the impact on the environment.

* It takes one barrel of crude to produce the same amount of lubricant that can be
obtained by re-refining one gallon of used oil, a source of conservation and the
cost of re-refining is much less and so is energy use. Burning used oil in certain
applications is a form of conservation but decreasing consumption and increasing
collection of used oils are necessary.

* Some studies suggest that re-refining is better than burning for the resource
conservation and environmental protection while other studies do not see any
measurable difference with respect to environment. Re-refining is found to be
much more favourable environmentally than the production of virgin base oils
which must meet standard specification of authorized organizations with respect
to constituents and viscosity.

* Advanced processing and additives made the drain intervals longer, reduced
consumption and environmental load. Re-refined oils are now on par or better
than virgin oils though the industry still suffers from the stigma that its products
are recycled and may be sub-standard.
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* Base oils are produced in a complex sequence of steps in a refinery by vacuum
distillation of atmospheric residue, propane deasphalting, solvent extraction,
dewaxing and hydro-finishing.

* The re-refining processes involve filtration and settling, removing water and
light hydrocarbons, removing gasoil, rejecting heavy materials and contaminants
and treating the remaining oil with solvent or hydrogen. There are three major
categories of processes to treat used oils by sulphuric acid and clay, distillation
and clay and solvent extraction or hydro-treatment.

* The acid clay process does not give good base oils and is environmentally risky.

The Meinken process is the same but with clay only. CEP Mohawk Process is an
improvement by using hydro-treatment and so are many others such as KTI,
Hylube, Snam Progetti and Revivoil. Avista and Dollbergen processes use
solvent extraction instead.

* The selection of environmentally sound re-refining process depends on
feedstock quality and nature of contaminants, the desired quality and yield of base
oil, the disposal of any hazardous waste, economic feasibility, availability of
feedstock and consideration of the plant location. The national and local
legislation and the Socio-economic benefits must be given consideration. The
majority of modern plants are either solvent extraction or hydro-treating based.

* Used oil for fuel is a competitor to the re-refining industry where the used oil
burned is near or much more than the oil re-refined. They are combusted in
industrial applications such as cement kilns, blast furnaces, power plants,
industrial plants boilers and space heating sometimes directly and others after
settling, filtering and decanting.

* The prevailing view is that re-refining is uneconomic due to high investment as
compared to burning applications, the lower prices in the market for re-refined
base oils and the cost of getting rid of environmentally stressful waste in some
processes.

* The price of crude oil affects base oil prices and lubricants demand in addition
to other economic parameters. But high oil prices encourage investment in re-
refining of used oil.

* The growth in the world lubricants demand is modest but the highest rates are
in Asia - pacific and the Middle East. Forecasters remain different on how much
growth is expected while additives are capturing increasing share of the lubricants
market. Lubricants demand is forecast between 42 and 45 .4 million tons in 2019
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while production capacity is expected to be about 56.5 million tons indicating
large surplus capacity and low utilization of plants.

* Most collection and re-refining schemes need the support and subsidy of
governments or charges levied on lubricants consumers for the purpose. This is a
social cost to avoid impact on the environment and the loss of resources.

* Jtaly is an example of success and cooperation between the government and the
companies where in 1984 "The Compulsory Consortium of Used Oil (COOU)"
was established to foresee the collection, testing and allocation of used oil to re-
refiners. Financed by a levy on lubricants sale, the generators of used oils are
obliged to give the oil without charge.

* Information about the lubricating oil industry in the Arab World is hard to come
by. The expansion of the last few years is significant in adding capacity and
shifting from Group I base oils to Groups II and III.

* The region is of low oil drain interval around 2000 to 3000 kilometers though
this behavior is slowly changing. The virgin base oil production capacity in the
Arab countries will be more than three million tons a year by the end of 2016
while consumption is about 1.7 million tons. Re-refining is gaining ground at
slow pace where some operators strictly do filtration to remove insoluble and
export the products to less demanding markets. Uncontrolled burning is also
reported.

* The existence of five plants in Saudi Arabia having a total capacity of 100
thousand tons a year is much lower than other reported capacities. The UAE re-
refining capacity at 200 to 250 thousand tons a yearis much higher than the
domestically generated used oil. In both Saudi Arabia and the UAE, major
lubricants manufacturers complain about the state of the re-refining industry with
the growing issue of counterfeiting.
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Chapter 1 - History of Lubrication and Re-refining

Lubricats are known to human activity ever since man invented machines. Before
the modern age of petroleum, which started in 1859, lubricants were either made
from animal fat or vegetable oil'®.

Petroleum based lubricants were a byproduct of refining crude oil to get kerosene
for lighting and later gasoline for the upcoming motor industry*®. The processing
of petroleum based lubricants moved forward by 1880! as the quality and
performance of the products proved its superiority. Solvent refining was
developed in the 1920s. The US Society of Aoutomotive Engineers started in
1923 to classify engine oils according to their viscocity when engine oils
contained no additives and had to be changed every 800 to 1000 miles'. Around

the same time, lubricants manufacturers started using clay treatment, acid
treatment and sulphur dioxide treatment to “remove some of the undesirable
components such as aromatic and highly polar compounds containing sulphur and
nitrogen™!.

Later additives to inhibit oxidation, resist corrosion, enhance pour points,
improve viscosity index, and more emerged in the 1930s'® and their use increased
thereafter to this day. The additives were found necessary “to prolong the
performance and service life of automotive engine oils”!® as proved by systematic
oil analysis and performance testing.

In the 1950s, synthetic lubricants were developed for the aviation and aerospace
industries and multigrade automotive engine oils were introduced by the
development of viscosity improvers!8:48,

The development of hydro-treating technology for petroleum products was
developed in the 1950s and used for the improvement of lube oil stocks in the
1960s! for further purification of base oils.

Catalytic dewaxing and wax hydro-isomerization technologies were
commercialized in the 1970s to improve middle distillates. But in 1993, an
improved version was used to improve pour point of the base oil' by transforming
the wax in lube oil cuts into high quality base oil instead of removing the wax by
the more classical dewaxing processes.
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Since the early days of this century, the lubricants technology continued its
advance to develop products that are capable of meeting the rising demand for
lubricants and more importantly to improve performance and reliability.

Naturally, the increased use of lubricating oils generated the problem of the used
oil and how to get rid of it especially that drain intervals were relatively short. In
the beginning dumping in the environment was the case that environmental laws
and regulations were hardly in existence anywhere. It is not known when any
commercial activity was made to use waste lubricating oils but it must have been
limited and for the use of the waste as fuel only and before the advent of re-
refining came into play.

However, the first re-refining activities were reported in Germany in 1921%°, and
later developed into an industry largely on its own. It was also accompanied by
the use of used oil directly as fuel or processed strictly for fuel purposes. At that
time, lubricating oils contained little or no additives, which made their recycling
possible by simple processes involving settling and filtering and then heating to
remove volatile components followed by settling or centrifuging to remove the
remaining insoluables®.

During the Second World War processing used oil gained ground for the scarcity
of crude oil resources*. The technology developed from simple distillation to acid
clay treatment and so on.

The low oil prices until the early 1970s were not encouraging for the re-refining
industry. However, the sharp increase of oil prices and the start of the tightening
of environmental laws and regulations were the stimulant needed for growth in
recycling and re-refining which to a large extent continues at different pace to
this day.

However, the available processes were found to be increasingly not adequate for
the modern needs of the lubricants manufacturers as they failed to keep pace with
the increasing quality demanded by the market. However, these processes were
not entirely discarded as many investors in the less stringent countries continued
to use them.

For North America, the first hydro-treating re-refiner was the State of North
Carolina as it started a plant using the Phillips Re-refined Oil Process (PROP)#!
where prison inmates were employed as operators and the plant continued to be
used until 1983. The importance of this small plant (250000 gallons annually or
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close to 16 barrels a day) is that it demonstrated the “viability of hydro-treating
to produce lubricants meeting API and military specifications.”*!

Further increases of oil price in the early 1980s encouraged new development of
re-refining processes and their implementation. In 1983 the Kenetic Technology
International (KTI) process was developed and the first commercial re-refinery
was built in Newark, California and continues to operate to this day*'.

Mohawk Canada had originally licensed Phillips process (PROP) but this didn’t
work to their satisfaction. They redesigned the plant to include vacuum
distillation and hydro-treating, and began producing top quality base oil around
1983 after their collaboration with Chemical Engineering Partners (CEP) of
California.

The Breslube Enterprises of Canada was re-refining used oil since 1977 but in
1984 they added a vacuum distillation unit and installed a hydro-treater in 1985
to become the largest re-refiner in North America*!.

The newly acquired euphoria for re-refining was driven by further surges of oil
prices in the early 1980s which led to higher base oil prices and better margins
for re-refiners. Rising environmental concerns and the tightening of
environmental laws and regulations played their part to improve the management
of waste in general and used oil in particular. Harm from mismanagement of used
oil causes air and water pollution while modern re-refining processes avoided all
that and produced base oils at least equivalent to virgin stock.

The re-refining industry “was too small for the oil majors to deem worthy of
significant attention and too complex for most used oil collectors to master*!”.
Therefore the big oil companies generally stayed out though all of them have the
capital and some have developed processes of their own. Perhaps they were afraid
of the stigma associated with recycled products that the consumers have and the
oil companies wanted to dissociate their own products from re-refined oil. The
re-refiners on the other hand had to counter the stigma by spending money on
testing and independent certification of their products. For example, in 1980,
Shell Canada invested roughly $40 million in a used oil re-refinery in Toronto,

Ontario, which was later sold, and eventually mothballed and scrapped.

The collapse of oil prices in 1986 slowed down development of re-refining
schemes and “between 1991 and 2008, there were no new re-refineries in North

America*!.”
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Government support also came late and only in 1993 President Clinton signed
Executive Order instructing government agencies to preferentially procure re-
refined motor oil. The Federal Trade Commission ruled in 1995 “that motor oils
were to be labelled according to their meeting the tests of the API’s Engine Oil
Licensing and Certification System (EOLCS), and not based on whether they
were recycled or virgin.”

The problems in the US are compounded by the demand for low cost fuel
generated from used oil sources. This will remain a challenge to re-refiners
anywhere as it will set the level of used oil prices.

The utilization of used oil in North America is essentially driven by economics
of different disposal options. While the collection rates are comparable to those
of Europe, more than 80 percent of the collected used oil goes to various fuel
applications and about 12 percent is sent to re-refining™*.

In Europe, it is said that Mineralol-Raffinerie Dollbergen GmbH in Germany has
been re-refining used lubricants for more than 50 years®* where it started its
activities by manufacturing and using simple dewatering systems for the
production of fuel oil. In Italy, the company Viscolube was founded in 1963 to
re-refine used o0il'®. They started with a distillation and clay treating process and
probably continue using this process in one plant in Italy now. However, they
switched in 2005 to hydro-treating after a combined effort with Axens of IFP'.

In 2008 the European Union ‘Waste Directive’ provided a new and formal

impetus to re-refiners as it favored this over the processing for fuel®

. Europe
became the front runner of re-refining due to the strengthening of laws and
regulations in many countries>* yet the volume of processing for fuel is very close

to the volume of processing for recovering base oils.

In Asia, the re-refining industry was slow to pick up steam due to the high
investment cost and the lower prices of re-refined oils compared to virgin oils?®.
The lack of strong environmental regulations may have been a reason too. Yet in
mid-1960s there were more than 150 re-refiners mostly small size but with a total
combined capacity of 300 million gallons a year using mostly the acid clay
process with its attendant sub-standard products and its environmental hazard of
acid sludge and waste clay. In the 1970s, the Phillips PROP process was used®®
in Asia which is an improvement over acid clay but also had its own problem of

high investment cost and waste disposal of “heavy metal laden precipitate”?.
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The future of re-refining used oils will depend largely on the price of crude oil
and the competition with processing for fuels. As long as crude oil prices remain
low, as they are today, not many re-refining projects will move forward except
on enforced environmental regulation and the support of governments. The
Industry has to take note of the advancement in lubricants specification and the
increasing use of synthetic oils. Therefore the old and outmoded processes must
be avoided in any future re-refining project.
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Chapter 2 - Environmental Impact and Resource
Conservation

Environmental awareness in the last few decades has been a major driver of the
petroleum industry to produce better products and lessen their environmental
impact. Resource conservation has become more desirable since the correction of
crude oil prices in the 1970s where every country tried to use less to satisfy a
growing demand. Used lubricating oils play a role in both the above targets as we
shall see.

Collection of Used QOils:

The collection of used lubricating oils is probably the hardest step in a chain of
salvaging the resource whether for energy recovery, re-refining or disposal. It is
a logistical problem that requires careful study and consideration before any
decision is made. The problem arises from the multitude of points of generation,
small and big, around any country that may impact the method of utilization.

The distribution of lubricating oils should be the starting point because the
volume of generated waste oil is proportional to that. The companies do have the
data base for such information where a planning body can collate the numbers
from different distributors. The re-refining facility or fuel processing plant
location should be decided in such a way as to minimize the cost of collection,
storage and final transportation to the facility or end user.

Used oil generating points should be provided with a storage tank or tanks
proportional to the expected generation of the used oil. It is better to standardize
these tanks and fittings so as the collection trucks may use the same procedure at
each place.

If the distances to the re-refining facility are close the collection trucks can deliver
directly there. But if the area covered is large, regional or national, then
intermediate storage facilities are the norm before larger trucks can collect from
these storage sites to the processing facility.

Concentration should be first on large volume used oil generators such as airports,
the military; truck fleets garages, taxi company’s service stations before getting
to the smaller points such as service stations, small lube change shops and so on.
The American Petroleum Institute (API) points to the necessity of “providing
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convenient collection sites for the purpose of keeping used motor oil out of our
waterways and ground water supplies and getting used oil into the recycling
system.”?* The collectors must keep records of every load that is collected so that
any problem found after testing in the plant can be traced back to the generating
point and corrective measure is taken.

Used oil management imply to start with an effective collection system! that
insures least cost and is environmentally sound and has “the ability to push
volumes as high as possible in order to lower the fixed costs/volume ratio as much
as possible 3

Examples of Collection Management:

In any country, the collection step of managing used lubricating oil must be
regulated by the government and municipalities in coordination with the industry.
The size of the collection operation must be as large as the uses of used oil in
burning for energy or in re-refining.

The cost of the feedstock to a re-refining or fuel plant is obviously very important
and collection cost is a major part of it*. There is no rule in deciding what
collection cost is or should be and it is country specific and differs widely between
countries. “In Europe, the availability of public or private entities with the
capabilities to collect waste oil and to make it available at reasonable costs to
users varies significantly from country to country®.” Citing the norms in few

countries is indicative to understand the variance.

Portugal established (Sogilub) to manage used oil collection and disposal. Since
2005, lubricants manufacturers and importers pay a fee of €63/m*® based on each
company volume of sales in the market as a charge for the collection of used oils
from generators®.

The same system applies in France where a tax is levied on sales of finished
lubricants, except those which generate no recoverable waste. 42% of used oil is
re-refined by government directed re-refining associations*.

In Spain, since June 2006, lubricant manufacturers are required to establish a non-
profit organisation (SIGAUS) to handle used oil collection and disposal for a fee
of €0.06 per kilogram of marketed oil of each manufacturer®.
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In Germany, all oil marketers must provide collection facility near the generation
points of used oil such as garages and service stations and retailers pay for used
oil pick up*.

However, when there is no government intervention, it becomes the collector
business to agree with the used oil generator. In The United Arab Emirates, the
collectors pay the generator a cost to rid them of the used oil. The cost is somehow
related to the price of oil in the market and it goes up and down with it. This
practise tends to increase the cost of feedstock® on a re-refiner and is not helpful
in the overall process. (Prices will be discussed somewhere else in this report).
The same system applies in the US where collectors pay-for-oil to deliver used
oil to re-refiners, fuel users or exporters.

Before the collapse of crude oil prices, a collector in Texas paid $1 a gallon or
$42 a barrel to the generators to collect their used oils’®. But as crude oil prices
affect all users of used oil, the collectors are now generally moving into pay-for-
collection and the Texas collector (re-refiner) is charging 10 cents a gallon or $4.2
a barrel to collect the used oil since December 201476, Another re-refiner
followed suite and since December 2015 is charging generators of used oil $80
per stop’. The re-refining industry is suffering from a decline in the fuel and
export markets and the low prices of base stocks as a result of falling crude oil
prices.

But the US is a large country and some states impose sales taxes to subsidise
collections and some local municipalities fund collection activities*. These
differences are due to the fact that the US has no central coordinating body that
focuses on used oil management as in Europe®.

Collection of used oil also impact employment opportunities where, for example
in Europe about 2000 to 2500 local jobs are created in used oil collection while
only 1000 to 1200 jobs in 28 re-refining plants®'.

Sources of Used Oils:
It is generally agreed that lubricants consumption in different applications is
governed by the severity of the prevailing conditions and the type of application.

Therefore, the generated used oil from various applications is also different.

Obviously countries are also different in this respect as one country may not have
all the applications needing lubricants. Table (1) shows typical shares of used oils
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generated in different segments of use in a developed country that may have all
the users in its economic development status.

Table (1)
Used Oil Generated in Different Applications %

Type of Qil Yo Notes
Comparatively small consumption. Regeneration is
often done in place with special equipment or in

Transformer 93 special re-refining plants if the contamination is
severe.
They last longer but in motor’s application the gear
Gear 75 | oil is often unnecessarily changed with the engine
oil.
Hydraulic 70 | Same as gear oil
Lost oil is high but consumption is highest among
Motor 65 | categories and therefore they contribute the highest

volume in overall used oil collection.

Metal Processing | 20 | A lotis lost in this application.

Process 0 | No used oil is generated in this application.
Source: Originally from CONCAWE cited in source 3 and elaborated by
author.

Sources* * generally agree that sectoral consumption of lubricating oils is on
average composed of 56% automotive, 31% industrial, 10% process oils and 3%
in greases. Therefore, the automotive sector is the largest contributor to the
available used oils followed at a distance by the industrial sector. Because of the
large dose of chemical additives in automotive gasoline and diesel engine oils,
the used oil is therefore considered highly contaminated.

Evaluation of Used Oils:

Generators of used oils are encouraged to segregate them according to their
application so as to make future treatment or use easier. But this is not always
practical especially for the small generator in a garage or in the local collection
centres where individuals take their used lubricants.

Therefore, used oil is usually composed of a combination of oils such as gasoline
and diesel engine oils, transmission fluid, turbine and compressor oils,
metalworking oils, industrial hydraulic oils, electrical insulating oil and synthetic
oil'. However, only in a very large industrial place we are likely to find the used
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oil containing a portion of all the above. In a car maintenance garage perhaps only
gasoline automotive oils are found and in trucking company workshops mostly
diesel automotive oils are found and so on. Any combination of the above is not
problematic for either the re-refining industry or for energy recovery by burning.

However, due to inexperience and sometimes carelessness of the operators or due
to accidents, used oil is contaminated with solvents, water, glycols, kerosene and
the like.

Table (2)

Used QOil Analysis — Re-refining

Parameter Unit Value (Max)
Water % weight 15
Density at 15°C Kg/l 0.920
Total sediments % weight 3.0
Viscosity °E at 50°C 1.8
PCBs mg/kg 25
Total chlorine % weight 0.5
Sulpher % weight 1.5
Diluents % volume 50
Lead — Zinc mg/kg 4000
Cadmium + Chrome +

Nickel + Vanadium mg/kg 50
Neutralization Nr mg KOH/g 35
Saponification Nr mg KOH/g 18

Used Qil Analysis — Burning

Parameter Unit Value (Max)
Water 9% weight 15
Density at 15°C Kg/l 0.920
Total sediments % weight 3.0
Flash Point °C Min 90
PCBs mg/kg 25
Total chlorine % weight 0.5
Sulpher % weight 1.5
Ash % volume 1.5
Lead — Zinc mg/kg 4000
Cadmium + Chrome +
Nickel + Vanadium mg/kg 50
Lead mg/kg 2000
Fluorine mg/kg Traces
Source: 104
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This is why simple testing is conducted at the generation point by the collector to
see if the oil is collectable. Further testing at the storage tanks of the collector is
done to determine the mixing of collected oils from different sources in order to
normalize as much as possible the content before delivery to the larger depots
where additional testing is done to determine the fate of the used oil whether it
goes to re-refining, burning or destruction by incineration'%*.

The decision is strictly made on analysis and Table (2) shows the characteristics
of used oil acceptable for re-refining and that destined for burning for energy
recovery in Europe.

To give an example, in Italy in 2009 the collected used oils in the final storage
depots were about 195 thousand tons where 154 thousand tons were destined for
re-refining, 40 thousand tons were committed to burning for energy recovery and
about 400 tons were incinerated'*.

Environmental Impact:

There is no doubt that the production, storage, transportation, processing and
distribution of all hydrocarbons imply a degree of risk and environmental impact
that governments and the industry try to reduce to the minimum possible.

Lubricating oils are no different. “Used oil is any oil that has been refined from
crude oil or any synthetic oil that has been used and as a result of such use is
contaminated by physical or chemical impurities'!*”. Therefore, used oils do
carry greater risk to health and environment as a result of their degradation and
the need to change them.

The additives in lubricating oils that deteriorates gradually during use increase
the pollutants level in the oil. The deterioration is compounded by the fact that
dirt, metal scrapings from machines or engine parts, water, the polyaromatic
hydrocarbons (PAH) and chemicals can get into the oil and reduce its
performance and render it more toxic, carcinogenic and harmful to human health
and the environment than the original base oil*. This is especially true for
passenger cars and diesel vehicles oils as the level of additives in lubricating oils
has increased substantially, up to 30% sometimes, to improve performance'

106 Even for mammals

quality and longevity in combustion engines application
and birds the toxic contamination can be devastating and specialized reports are

very clear about this®.
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Quantitative Consideration:

Used lubricating oils represent the largest amount of liquid, non-aqueous
hazardous waste in the world®'. They are slightly biodegradable and their disposal
in the natural environment is dangerous to natural systems*’.

Therefore, if used oil is disposed into landfills, an activity that some suggest must
be avoided at all costs®, it slowly leaches into the land and underground water
resources.

Leakages of used oil, or deliberate dumping, into the sewage system can have
devastating effects by impairing the operations of sewage treatments plants.
Many sources confirm that one litre of oil contaminates one million litre of
water'® and oil polluted storm water and sewage systems can cause extensive
damage by getting into rivers, lakes or coastal regions. Small amounts of oil on
surface water can put a sheen (very thin layer) on large area which impairs the
fisheries and other living organisims'.

Steps to Protection:

One way to protect the environment from used oil handling is to start with
regulations that ensures good housekeeping in used oil generating points, in
collection and transportation of the stuff and in receiving and processing into
fuels or re-refined into new base oils.

All the entities in the chain must be licensed by the right authorities and made
aware of what is required of them to protect the environment and their operators.
They must all keep records of their operations to refer to in case of any
eventuality. Independent audits® of these operations is a necessity to keep all
vigilant.

It is important to remember that some used oils can be reclaimed and treated on
site in such a way as to lessen to a large degree their environmental impact by
lessening the activities required to reclaim them. Reference is made here to the
reclamation of transformer, hydraulic and turbine o0ils®’ as discussed somewhere
else in this report.

Lube 0Oils Degradation:

Lube oils degrade for the following reasons%’:
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- Oil is hygroscopic, meaning that it absorbs moisture easily. Burning fuel
produces CO, and H>O. When an engine is cold, the water generated can
pass through to the lube oil.

- Oil picks up normal wear particles and debris as it circulates in the machine
or engine. It is usually trapped by the filter except when it is very small.

- Dirt is carried by the air flowing into the reservoir and settles there.

- Unburnt petrol/diesel passes through to the lube oil during engine start-ups
and contaminates lube oil.

- Carbon forms as a result of incomplete combustion when an engine is
warming up and passes through to the lube oil.

- Some contaminants, such as chlorinated solvents, are picked up by waste
oil during use or during storage while waiting for collection. However,
some little amounts may come from additives in the original product.

- Deterioration of the additives where most contain complex chemicals
necessary for the performance of the oil.

Table (3)
Typical Composition of Lubricating Oil
Component % by weight

Base oil 71.5-96.2
Metallic detergents 20-10.2
Dispersant 1.0-90
Zinc dithiophosphate 05-3.0
Antioxidant/antiwear 0.1-20
Friction modifier 0.1-30
Pour point depressant 0.1-15
Antifoam 2—15ppm
Source: 1 based on Lubrizol.

The combination of water, heat and oxygen enhances the deterioration and breaks
up both additive and base oil. In the presence of oxygen, the oxidation products
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at elevated temperatures can form corrosive acids. Going forward, additives have
increased their share of finished lubricants and are likely to do so in the future.
Therefore, used oil contaminants are likely to increase with increasing additives
share. Table (3) shows typical composition of lubricating oils with respect to
additives.

Used engine oil is considered hazardous in Europe and in the US if contaminant
levels exceed certain parameters. The Waste Oil Directive of 2008 gives priority
to re-refining as long as there are no technical, economic or organisational
obstacles!%. Heat and energy recovery under environmentally acceptable and safe
destruction conditions are second in the hierarchy. Disposal is acceptable only if
the first two options are not practical??. This hierarchy is now the guideline in
many countries where dumping in landfills is avoided or prohibited.

A comparison between virgin and used oil properties at this point is important to
show the degree of deterioration of base 0il as a result of its use under operating
conditions and the accumulation of contaminants in used oil. Table (4) shows just
that.

Impact of Synthetic lubricants:

Synthetic motor oils are manufactured or synthesized by “polymerising short
chain hydrocarbon molecules called alpha-olefins into longer chain hydrocarbon
polymers called polyalpha-olifins (PAO) > and “PAOs do not contain the
impurities or waxes inherent in conventional mineral oils?'”. PAO is mostly
synthesised from the products of naphtha or condensate steam cracking in

petrochemical plants'®4,

Synthetic lubricating oils are increasingly entering the market and due to their
superior performance they tend to increase the distances travelled before oil
changes and therefore reducing the volume of lube oil used and used oil
generated. From this point they have a positive role in reducing the impact on
the environment compared to traditional lubricants®'. Re-refining, used oil
containing synthetic oils produces better re-refined base stock. However, their
high price and the limited production capacity are not supporting further inroads
into the market.
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Table (4)
Comparison of Virgin & Used Oil Properties
Properties | Virgin Qil | Used Oil
Physical Properties
Specific gravity 0.882 0910
Viscosity @100°F SUS 324
BS&W % v 0 12.3
Carbon residue % w 0.82 30
Ash yield % w 0.94 1.3
Flash Point °F 348
Pour Point °F -35.0 -35.0
Chemical Properties

Saponification number 3.94 12.7
Total acid number 2.2 44
Total base number 4.7 1.7
Nitrogen % w 0.05 0.08
Sulpher % w 0.32 042
Lead ppm* 0 7535
Calcium ppm 1210 4468
Phosphorus ppm 1397 931
Magnesium ppm 675 309
Barium ppm 37 297
Iron ppm 3 205
Sodium ppm 4 118
Potassium ppm <1 31
Copper ppm 0 29
Source: 1  * Before lead removal from gasoline — author.

The PCB Question:

Another important environmental and health hazard problem in used oil is that
associated with PCBs. “PCB or polychlorinated biphenyl, is a class of synthetic
chemicals consisting of a homologous series of compounds that do not occur
naturally in petroleum but have been found as contaminants in used oil'.” They
have excellent dielectric properties that made them most satisfactory for use in
electric transformers and capacitors®’. They have been classified as health hazard
and carcinogenic*®. Therefore, if PCBs are found in used oil, over a certain limit,
they increase the hazard and complicate the handling procedures.
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Collectors and re-refiners have adopted safeguards and procedures to avoid
having PCBs in their used oil especially that PCB’s use has been outlawed as
mineral transformer oil is now advanced enough to do the service without PCB
and its associated hazard.

But remnants in old electric systems do exist and incidents occur. In the US, if
PCBs are found in used oils above the allowed limit, the EPA does not allow even
the dilution®® of used oil by another to reduce the PCB concentration to less than
50 ppm before re-refining or using it as fuel and forces the companies to destroy
the oil by special incinerators. The US EPA imposed heavy fine on a re-refining
company unless it properly disposes of PCB contaminated oil by end of 2016%.
However, the PCB rules in the US are now under review and the anti-dilution rule
may be removed or revised.

Resource Conservation:

Crude oil is a precious resource that is very expensive to find and develop and its
price often high especially for developing countries. Therefore, its conservation
is a priority for most consuming societies.

It is said that it takes one barrel of crude oil to produce the same amount of
lubricating oil that can be obtained by re-refining one gallon (1/42 barrel) of used
oil'. Therefore societies need for lubricants could be tied to crude oil refining for
virgin base oils supplemented by re-refining of used oil. Surely, on this point the
cost of re-refining is much less though in refining crude oil we obtain other
needed products as well.

At the same time, re-refining uses comparatively much less energy (one third) to
produce base oils as compared to virgin base oil production.

The process of re-refining can be repeated many times as the oil is changed and
the saving is substantial depending on the collection rate, the yield and the number
of times the used oil is collected. The factor is reported to be more than 30 times

in favour of re-refining over virgin production of base oils' 1%,

Burning used oil in certain controlled applications is a form of conservation
because the used oil is substituted for fuel oil, gasoil, natural gas or coal. But this
is limited to only one cycle as compared to re-refining.
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The key in conservation is to increase collection of used oils to the extent
possible!%*
on the environment and provide more feed for re-refining!® or fuel users.

. This will not only make more quantities conserved but avoid impact

One has to remember that reduction of lubricants consumption as a result of
improved quality and enhanced performance is in itself a form of conservation of
resources.

Re-refining Versus Burning:

Although re-refining and burning used oils are considered processes to conserve
resources, they are in a way also environmental measures to keep out used
lubricating oils from the environment. With the exception of acid clay process
and distillation clay process, other re-refining processes produce very little waste
or emissions. The acid sludge may be difficult and costly to treat but the clay is
easier if it can be sent to cement and ceramic industries. There is a cost however.

Burning used oils in high temperature applications such as cement kilns does get
rid of PCB, chlorinated compounds, halogens and so on. The metals stay with the
cement and gaseous emissions are dealt with by the equipment provided for the
cement plant off gases anyway.

In its Waste Oil Directive of 2008, the EU favoured re-refining of used oils over
their use as fuel where this is technically feasible and economically viable*. The
EU directed member states to align their laws accordingly®. However, the EU
removed the priority given to re-refining in later directives because member states
cited some life cycle analysis which did not give a higher order to re-refining
against burning with respect to impact on the environment'.

The EU Waste Incineration Directive of 2005 sets limits on atmospheric
emissions from burning of waste and it applies to co-incineration plants such as
cement kilns as well as dedicated incinerators*.

Many studies suggest that re-refining is better for the resource conservation and
environmental protection'®. The life cycle analysis of Groupment European de
I’Industrie de la Regeneration (GEIR)!' demonstrates this on almost every count
of global warming, nitrification, acidification, fine particulates (PM 10) and for
carcinogenic risk. Studies related to California also showed more or less the same
results'. However, not everybody agrees to this as mentioned with respect to the
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EU countries earlier. In any case, there is no escaping the fact that the world burns
five times the used oil that it re-refines.

Finally the re-refining of used oil to produce base oils is found to be much more
favourable environmentally than the production of virgin base oils'*. Global
warming potential is 2 times less, nutrification is 3-4 times less, acidification and
fine particulates (PM 10) is more than 5 times less and carcinogenic risk is 10-20
times less'%.

Quality, Groups and Drain Periods:

The purposes of lubricating oils are many®. They are expected to keep moving
parts apart thereby reducing wear, reduce friction and improve efficiency, transfer
heat, carry away contaminants and debris, transmit power in case of hydraulic
oils and prevent rust and corrosion.

In order to do so, lubricating oils must meet certain standard specification that
may have to be certified by an independent body with a well-equipped testing
laboratory especially for engine oils.

The US Society of Automotive Engineers was the first to classify lubricating oils
according to viscosity and consumers still see their symbol on lube containers to
indicate the viscosity class.

However, the more famous specifications now are those of the American
Petroleum Institute (API) and their comparative counterpart European
Automobile Manufacturers Association (ACEA) in addition to the original
equipment manufacturers (OEM) in some cases.

In the API system base oils are divided into five categories' ®- 2!

constituents and performance level as measured by the viscosity index.

according to

The API Groups:

Group-I: Base stocks with less than 90% saturated constituents or greater than
0.03% sulpher and have a viscosity index greater than or equal to 80 and less than
120. They are generally prepared by solvent extraction processes.

Group-II: Base stocks contain greater than or equal to 90% saturated constituents
and less than or equal to 0.03% sulpher and have a viscosity index greater than or
equal to 80 and less than 120. They are manufactured by hydro-treating and
hydrocracking and either solvent or catalytic dewaxing to have better properties
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than Group I. They cost reasonably more but are increasingly demanded over
Group I.

Group-I1I: base stocks contain greater than or equal to 90% saturates and less than
or equal to 0.03% sulpher and have a viscosity index greater than or equal to 120.
They are more refined than Group II by more sever hydro-treating to yield purer
base oils. Some Group III manufacturers were able to produce base stocks
equivalent in performance to Group IV below. The recent availability of gas-to-
liquids (GTL) *® base stocks have emerged as viable alternatives for the
conventional Group III and Group IV lubricants?.

Group IV: Base stocks composed of polyalfa-olefins (PAO). These are synthetic
base oils which are suitable for more sever temperature applications and extreme
cold conditions. Synthetic oils here are hydrocarbons molecules reengineered by
certain processes and they do not contain contaminants such as sulpher and wax,
which enables them to flow better at cold temperature®?. PAO is mostly
synthesised from the products of naphtha or condensate steam cracking in
petrochemical plants'%4,

Group-V: Base stocks excluding all components from the above groups but
include base oils produced from silicone polymers, phosphate ester, poly alkylene
glycol, polyol-ester, and oils made from biomass sources. They may be blended
with other base stocks to enhance the properties of the base oil. They are more
applicable to higher temperatures and will provide superior detergency compared
with PAO synthetic base oil.

Table (5) summarizes the above groups.

Table (5)

Summary of API Lubricating Oil Groups
Grou Process Saturates | Aromatics | Sulpher | Viscosity
=Toup —Locess % % % Index
1 Solvent Extraction <90 >10 >(0.03 80 - <120
II Hydro-processed >90 <10 <0.03 | 80-<120
I Hydrocracked >90 <10 <0.03 120+
1Y PAO 100 0 0
\Y Other synthetics

Source: 1 based on API 1509 - 2012
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Trends of Specifications:

While Group I lubricating oils are still produced to a large extent around the
world, it is clear that this is changing. Group II are now much more favoured' in
automotive oils for their quality and the fact that their relative cost is equal or
only 5% over that of Group I.

Table (6) indicates the trend clearly where Group I share is likely to fall from
44% in 2014 to 26% in 2019. This trend is the result of “tighter emission

regulations and rising economy specifications such as longer oil changes (or drain
37 »

intervals) and better fuel efficiency”’.
Only in China, about half a million tons a year of Group I capacity is expected to
go offline in favour of producing higher grades®’. In Saudi Arabia>’, Bahrain®’
and the United Arab Emirates®” large Groups II and III production capacities are
well underway. Therefore Group II share, excluding naphthenic oils, is expected
to increase from 34% in 2014 to 48% in 2019 and the share would be much higher
if naphthenic oils are included.

It is a question of cost and market why the higher synthetic oils are not increasing
their share as fast. In spite of their advantages in protecting engines and improving
fuel efficiency, they are judged by consumers to be very expensive. At the same
time some Group III producers are improving final products by increasing
severity to produce very high viscosity index products close to Group IV3?
specification at lower cost.

Table (6)
World % production of API Groups

Mineral Oils
Group 2004 2014 2019 Relative Cost
G-1 46 44 26 1
G-II 47 34 48 1.05
G-11I 3 11 13 1.5

Synthetic oils
G-1vV 2 1 1 25-3
G-V 1.6 5-10+
Naphthenic* 10 12
Source:32 for 2004 & 31 for 2014 — 2019
*Naphthenic oils fall more into G II.
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The Drain Interval:

In the early days of the lubricating oils, mineral oils were simple and contained
no additives. Therefore they required frequent changes as their contamination and
deterioration were faster. Engine oils were changed at that time at no more than
500 miles® (800 kilometres) distance travelled. However, with advancement
made in production processes and the availability of chemical additives to
improve performance, drain intervals became longer.

It is now the intention of many governments and the industry to reduce lubricating
oils consumption by extending the drain period in all fields in order to conserve

a valuable resource and to reduce the environmental load that is associated with
the volume of used oils*. This is becoming a priority*> and more and more
possible by the availability of high quality lubricants and cleaner fuels®. It is
especially true in developed countries of Europe and North America and the
developing regions are catching up as outdated motor vehicles and machinery are
replaced with products that require smaller amounts of better-performing
lubricants®.

In the advanced countries, in the heavy duty diesel engine category, oil drain
intervals remain around 25,000 miles though it is possible to double this mileage™
for normally running vehicles. However, for the same vehicles running in more
severe and harsher conditions, an oil change by 15,000 miles is in order.

Tests conducted in 2010 on trucks with MaxxForce engines showed that oil
change can range from 18,000 to 40,000 miles*°. But in reality the answer lies in
the operator’s ability to monitor the quality of the oil through on board diagnostics
or oil analysis to increase his fleet’s drain period gradually and prudently.

In the passenger car field the majority of automakers today call for oil changes at
either 7,500 or 10,000 miles®. This is in contrast to the US where the general
practice is changing oil at an outdated 3000 miles target. Some manufacturers still
recommend 5000 miles depending on the quality of oil. When synthetic oils are
used the change interval can extend from 7500 miles to 25000 miles depending
on the type of synthetic oil used*.

The trend for extended oil changes has influenced lube oils producers to process
more hydrocracked oils that have similar performance characteristics to those of
synthetics as we saw earlier.
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Industrial oils are not different. Comparative test life for turbine oils indicates that
it is 4000 hours for solvent refined oil and 18000 hours for hydrocracked oil*.
For hydraulic oils the comparative numbers are 2000 and 6000 hours
respectively™.

The Impact on Used Oil Re-refining:

It is clear from the evolution of lubricating oil specification and consumption
trends that the used oil re-refining industry has to follow suite in order to be viable
and able to compete. It is often reported that re-refined oils are now on par or
better than virgin oils. But to satisfy the trend of moving away from Group I oils,
only the processes using a hydro-treating step can now compete.

The technological advances in the last 15 years have shown that the re-refining
industry has reached a stage where it can produce re-refined base stocks on par
with virgin base stocks by following the hydro-treating route>*. Consumer
awareness of the quality of re-refined lubricants is spreading slowly but the
industry still suffers from the stigma that its products are recycled and may be
sub-standard and have to sell at a discount. This issue is particularly important in
developing countries and in other low-cost markets™*.

The precipitous decline in crude oil prices since June 2014 and the subsequent
decline of base oil prices are not helping the re-refining industry though
regulations in some countries favors re-refined oils.

This is not to say that the more classical processes of distillation and solvent
extraction are now redundant. They still can play a role for small capacity or for
markets that still use lower grade finished lubricants.

The trend to extend the oil drain periods will enhance the re-refining industry to
produce base stocks that are compatible with higher specification though the trend
will reduce the availability of used oil in the long run.
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Chapter 3 - Virgin and Used Oil Processing

Re-refining is defined as the chemical and physical processes that extract the
lubricating base stock from used lubricants where water, fuels, additives remnants
and sludge are separated from the base stock.

But it is perhaps better to consider first the steps to produce virgin base oils before
embarking on the processes of re-refining used lubricants. There are some
similarities between the two manufacturing processes that may be useful for the
overall understanding.

Virgin Base Oil Processing: 1. 2,49,8485

Base oil is the name given to lubricants grade oils which are produced, in the
modern industry, in a complex sequence of steps in a refinery as shown in Fig
(1). Their boiling ranges between 300 and 565°C' and are produced normally by
feeding reduced crude oil from the atmospheric distillation unit to a vacuum unit
column to lower the boiling points and obtain distillates side streams. The vacuum
residue bottoms still contain valuable high viscosity oil that cannot be distilled
and have to be recovered by using a propane solvent in a de-asphalting unit (PDA)
where the propane dissolves the oil leaving heavy asphalt cut to be produced. The
oil produced so is de-asphalted oil (DAO) and propane is recovered and recycled.

The vacuum side streams and the DAO contain components that are undesirable
in lube base stocks. Therefore they are sent in turn to an extraction unit, usually
with a furfural solvent where the solvent absorbs the undesirables especially
aromatics and gives a raffinate with an improved viscosity characteristic ready
for the next step. The furfural solvent is recovered and the extract product is
returned to be used as asphalt cutter or blended with fuel oil or as feed to
conversion processes.

To get rid of the wax the lube streams are sent in turn to a dewaxing unit which
separates the wax, to improve the pour point, either by refrigeration and filtration
or by solvent, refrigeration and filtration. The solvent is often a mixture of MEK
and toluene.
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Fig (1) Virgin Lube Processing - Source: 2

Finally the lube cuts are sent in turn to a hydrofinishing unit to improve colour
and remove sulphur and nitrogen compounds making the cuts ready for
blending with additives according to the desired grades.

There are variations to the above steps where, for instance, the vacuum cuts
and DAO can be hydrotreated to saturate aromatics and remove contaminants
before the dewaxing stage and final distillation for the respective base oil cuts
as shown in Fig (2).

Similarly catalytic dewaxing sometimes replaces solvent dewaxing and thus
saving a lot in solvent cost. “Catalytic dewaxing was a desirable alternative to
solvent dewaxing especially for conventional neutral oils because it removed
n-paraffins and waxy side chains from other molecules by catalytically
cracking them into smaller molecules.”
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Fig (2) Alternative Virgin Base Oil Processing Source: 2

Used Qils Re-refining Processes:

Since base oils are not actually destroyed by use but get contaminated, the
question of re-refining them may be called a cleaning process.

The first important step is testing the collected used oils “to ensure quality
because used lubricating oil from a wide variety of sources may contain chemical
or physical contaminants that are hazardous or prevent that oil from being used
in the re-refining process.”! This also relate to different regulations around the
world.

Generally, the re-refining processes involve similar steps such as:

1-  Filtration and settling of the collected oil.
2-  Removing water and light hydrocarbons from the feed by pre-flash

distillation.
3-  Removing gasoil by feeding to a vacuum column.
4-  Rejecting heavy materials and contaminants by vacuum distillation or

wiped film evaporation or both.
5-  Treating the remaining oil with solvent or hydrogen to get base stocks
close to virgin oils.

Generally, there are three major categories of processes to treat used lubricating
oils:
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1-  Treatment with sulphuric acid and clay.
2-  Using a distillation process followed by activated clay treatment.
3- Treatment by solvent extraction to reject heavy residue, metals and

other contaminants.
4-  Using either 2 or 3 followed by hydro-treatment of the product to
improve the quality further.

There are many processes for the treatment of used lubricating oils but here the
most famous are discussed.

The acid/clay process: '3 107
Water
Hightemp | — » . o
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Fig (3) - Acid/Clay Process - Source: 1

Fig (3). After settling and filtering, the used oil is heated to 120°C and distilled in
a pre-flash tower to remove entrained water and light hydrocarbons. Contact with
sulphuric acid follows to remove contaminants such as oxygen, nitrogen and
sulpher compounds in addition to resins, asphalt and metals. The stream then
passes through active clay at 270°C to remove odour and improve colour.

This process, while simple, inexpensive, proven and easy to operate is mired with
environmental problems due to acid emission and sludge. The sludge disposal is
neither easy nor inexpensive. The spent clay goes to ceramic and cements
industries or incinerated. The base oil quality is very low' and the yield is close
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to 60% because much oil remains with the sludge. The sulphur and polyaromatic
hydrocarbons (PAH) in the oil cannot be separated as contaminants in the oil.

Therefore many countries banned its use though it is still popular in Brazil, China
and India.

The Meinken Process: 13,107

This is a distillation/clay treatment process. After settling, filtration and removal
of water and light hydrocarbons in a pre-flash column, 4 to 5% clay is added to
the dewatered oil before wiped-film evaporation under vacuum and 290°C to
draw asphalt and contaminants from the bottom and subsequent clay treatment
and filtration of the side cut to finally get the base oil cuts. The process produces
medium quality base oil that still contained sulphur and polynuclear aromatics
(PNA) !. Polynuclear Aromatics (PNA) are complex hydrocarbons of many
aromatic rings formed during the use of lubricating oils in severe engine
conditions and some are formed in fossil fuel combustion or cracking processes.
They are classified as carcinogenic which may cause cancer to humans.

No acid is required in this simple process suitable for small capacity plants. But
the high clay consumption, low yield, inconsistent quality and the disposal of
large quantity of spent clay is an environmental problem.

Three plants had been constructed in Germany, one in the United States, one in
Taiwan, one in Brazil and two in Jedah, Saudi Arabia at 10 and 80 thousand tons
a year capacity’.

The Sotulub process: 13,107

Fig (4). This process is developed for Tunisia and patented in France. The used
lube oils are first tested to eliminate stocks of high gasoline, fatty acids and
chlorine. After settling and filtration anti fouling is added to prevent fouling and
blockage of equipment and the feed is heated to 140°C and fed to a fractionation
tower to remove water and gasoline and then gas oil is removed in the next
vacuum tower operating at 280°C. Finally a vacuum tower stage to produce the
lube cuts as side streams and the bottom is asphaltic residue with all the metal
contaminants.

The last vacuum column can either be replaced with or work with a thin film
evaporator to improve quality of the lube cuts! or that the vacuum column and
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Fig (4) — Sotulub Process — Source 1

the reboiler can be replaced by a centrifuge to separate the asphalt and heavies®
The base oil yield is 62.76%".

Two units are reported, one in Tunisia at 16 thousand tons a year and in Kuwait
at 20 thousands. But Tunisia is said to have added another stage later to hydro-
treat the products and improve the quality.

The Mohawk and CEP Mohawk Process: 3 107

In the early 1980s, a plant was constructed in Vancouver, Canada at 600 barrels
a day to treat used oil by subjecting it to a chemical treatment by a hydroxide or
a combination of this and a weak acid. Water and gasoline are then removed by
flash distillation and then gasoil is removed by vacuum distillation. The final step
uses another vacuum step and a thin film evaporator to get the base oil cuts and
bottom’s asphalt combined with the unwanted contaminants. The yield of base
oil is 65%. A hydro-treating step can be added for the full base oils cut before
final distillation breaks them into the desired cuts of Group I base oils as shown
in Fig (5).

2016 plat Acolall Ellgi 3330m 53300 Acolall & gomd (ol sube



(al ylailly daaid Al 51
161 suztr - 2017 (yaa0,%1 9 CILS cllomalt

—_—

Hydrotreater Fuel gas
_—
Hydrogen

‘Waterand
gasoline Diesel

Chemical
additive

j Diesel oll
—

Fractionati
I—' column | Light base oil
p—

>< Medium base oil
—

e

Used oil
—_—

eavy base oi
’ Fig (4) Sotulub Process. Source: 1 ‘ [ Heary begeal

evap.

Asphalt

Fig (5) - Mohawk Process with Hydro-treater - Source 1

However, Mohawk and Chemical Engineering Partners (CEP) later combined to
use the initial stages of the Mohawk process and adding a hydro-treating stage of
three reactors in series operating at a pressure of 1300 psig and 315°C to reduce
sulpher and other contaminants and to improve base oil yield to the level of group
IT base stocks as shown in Fig (6).

CEP's leading technology since 1988 is said to produce API Group II quality base
oil with recoveries in excess of 70%*. CEP licenses a number of re-refining
plants where ten are operational globally and two more in design, approaching
nearly a total of billion litres of re-refining capacity”® which can produce Group
II base oils.

The minimum economic size, according to CEP', is 15 thousand tons a year and
the yield of base oil is 74%, 4% light oil, 4% gasoil and 13% asphalt, a great
improvement over the original Mohawk. The process is used in Canada, USA and
Finland, Australia (20 thousand tons a year) and Indonesia (50 thousand tons a
year Mohawk).
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The Avista process: 2

Fig (7). Formerly Vaxon a Danish fuel preparation process. The process is
modified and now licenced by Avista. After settling and filtration of the used oil
feed water and light hydrocarbons are separated in a pre-flash distillation step. N-
Methyl-2-pyrrolidone solvent (NMP) is then used to treat and remove
contaminants of hydroxides, chlorides, metals and spent additives.

The operation of liquid/liquid extraction is conducted in a column where the feed
rises from the bottom to meet the solvent coming from the top. In the following
step, the solvent is stripped and recycled and the oil is distilled in a vacuum tower
to recover the base oils as side streams and the asphalt from the bottom. Propane
is used in other solvent extraction processes.
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The process does not cause pollution except for some solvent losses and produces
relatively good quality base oils. Avista Oil Company owns and operate a 35
million gallons a year re-refinery in the US and another three plants in Saudi
Arabia (2003) and one in Denmark (2008).
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Fig (7) - Avista Process - Source 3

Viscolube and the Revivoil Process: 1387

Fig (8). The original Viscolube process is an example of chemical treatment,
distillation and clay. After settling and filtration the used oil feed is treated with
30% caustic soda (sodium hydroxide) solution to neutralize fatty acids and
chlorides before water and light hydrocarbon removals are made in a pre-flash
tower operating under vacuum and 120 to 140°C. The bottom of the pre-flash
column goes to a settling tank where impurities are removed before the used oil
is heated to 360°C and flashed in a deasphalting and fractionating vacuum tower
with a cyclone separator in its bottom. The side streams of base oils are stripped
by steam in in the next columns and treated by clay to remove odour and improve
colour. The light products can be used as fuel in the plant. The process is a
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noticeable improvement on acid/clay process with respect to environmental
impact and its base oil yield is close to 72%. However, Viscolube no longer uses
this process on its own except for plants less than 10 thousand tons a year'. The
collaboration with Axens developed:

The Revivoil Process: 13, 15,87,90,91

Fig (9) shows a simplified flow diagram of this process while a more detailed
flow diagram can be found on the company’s website®’. In this process the first
stage is more or less the same as the original Viscolube process but the second
step is developed by Viscolube and is called thermal deasphalting (TDA). Axens
hydrogenation at high pressure step is added to make the difference to produce
Group II base stocks and raise the base oil yield to 79%?. Hydrogen saturates the
unwanted aromatics and treats all other contaminants of sulpher, nitrogen and
chlorine.

A “selectopropane” unit can be added to extract DAO from the residue to improve
quality and yield to 95% (not shown in the diagram). The installation cost of such
a facility of 100 thousand tons a year is $35 million (2004) while the same plant
without the selectopropane would cost $30 million (2004) all ISBL (inside battery
limit). This information is obtained privately from a re-refiner. The process is
widely used in Italy (100 thousand tons a year), Spain (three plants at 20 thousand
tons a year each), Poland (80 thousand tons a year) and Indonesia (40 thousand
tons a year) with future expansion on the way.

The Snamprogetti Process: 1.3

Fig (10). Patented in 1979, this is a solvent extraction process but later modified
to its present form to include a hydro-treating step. After settling and filtration,
the used oil is heated to 180°C and fed to a predistillation column to remove water
and light hydrocarbons at the top and a de-watered oil at the bottom. The next
step is a propane deasphalting column at 75-95°C and 355-710 psi. The wide
range is to cater for different compositions of used oil. The residue (mainly
asphalt) is drawn from the bottom. The propane solvent is recovered from the top
stream and the rest is heated again to 300°C and fed to a vacuum tower to produce
side streams of base oil cuts which are then hydrotreated to remove metals and
treat contaminates of sulpher, nitrogen and chlorine in addition to saturating the
aromatics.
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FIg (9) - Simplified Revivoil Process - Source 1

2016 plat Zcalal) ELatgl 3 33Lons 5550aM Aialall Crgomd (palsn Sk

55




56

ol Hglaitly dazitt Alne
161 sazdr - 2017 (g2, ¥1 9 CILS Alomalt

Separator

Water and .
light hydrocarbons Light hydrocarbons
Vacuum
,Solvel}t distillation
Predistillation extraction column
column column
............. I Product
B base
-
/_\ o= | | i ) oils
w7
Used oil |~ < Second
—p ; furnace Hydrofinishing
reactor
First
furnace
Residue Heat
treatment
>

Compressor

Fig (10) - Snamprogetti Process - Source 1,3

The heavy base oil can be separately heated and recycled in batch mode to the
solvent extraction stage to improve the cut.

The base oil yield is 87%. The hydro-treater operates at 250 to 450°C and the
hydrogen is reported to be between 15 and 850 normal litres/litre! of oil. One
plant of 55 thousand tons a year is in Italy.

The Kinetic Technology International (KTI) Process: 14 67,107

Fig (11). Patented in 1990, this process passes settled and filtered used oil into a
distillation column to separate water and light hydrocarbons, which are used as
process fuel or burned in a special incinerator (not shown in the diagram). The
pre-treated oil is then passed into a predistillation column operating under
vacuum and 220°C to remove a gasoil stream.

The bottom is partially re-boiled and sent back to the predistillation column and
the other part goes in to a wiped film evaporator operating under very low vacuum
and 345°C. The bottom stream of the wiped film evaporator is an asphaltic residue
carrying some contaminants and is partially recycled.
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Fig (11) - The KTI Process - Source 1

The top stream is oil vapour which is condensed before entering a hot soak vessel
where heavy impurities settle and recycled back to the front end of the wiped film
evaporator. The hot soak vessel operates at 150 to 250°C and the residence time
is 11 to 30 hours depending on the quality of the feedstock. The overflow of the
hot soak vessel joins the gasoil stream and goes into the catalytic hydro-treating
reactor operating at 320°C and 870 psi pressure to reduce or eliminate the
impurities of metals, sulpher, nitrogen, chlorine and oxygen. The rest is to
separate and recycle the hydrogen and a fractionation tower finally to separate
the diesel, light and heavy base oils. The KTI Process recovers over 95% of lube
oil components, much higher than other conventional processes though some
sources quote 82%*.

Like in other processes, the hydrofinishing step is capable of destroying PCBs
and other similar carcinogenic contaminants. The waste water is treated according
to local regulation of the plant. The base oil quality is equal or better than virgin
base stocks.
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Re-refining plants using this process are in Greece, Tunisia, California and
Germany. The Greek plant (1992) is the first KTI license with 20 thousand tons
a year capacity later raised to 40 thousand tons a year.

The Hylube Process: 1.3.86,107
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Fig (12) - The Hylube Process - Source 1

Fig (12). First patented by UOP in 1989 and went through many patented
developments later. In this process the settled and filtered used oil is mixed with
hot hydrogen and fed to the flash zone of a column maintained at 380 to 460°C.

The bottom stream of the column is the heavy un-distillable portion of the feed
while the top stream vapours are cooled to condense the undesirable heavy
components and separated as low ash fuel oil. The top stream goes to the
hydrofinishing reactor to reduce or remove other contaminants such as metals,
sulpher, nitrogen, and chlorine and oxygen compounds. If PCBs are present in
the feed, they are converted to un-harmful materials. The reactor effluent is
cooled and hydrogen is recovered in a high pressure separator and recirculated.
A low pressure separator follows where fuel gas is drawn from the top and the
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bottom stream is fractionated in a vacuum tower for naphtha, diesel and base oil
cuts.

The process produces Group I+ quality base stocks. In the Puralube plant in
Germany 45 thousand tons a year of high quality base stocks are produced in
addition to 25 thousand tons of other products. The plant was completed in 2004
and duplicated in 2008.

Puralube® is planning with UOP to upgrade one of its re-refineries to produce 50
thousand tons of Group III base oils in the first quarter of 2017. But the fall in oil
prices may put this plan on hold®®.

STP Process: 94107

Fig (13). After settling and filtration, dehydration and removal of light ends is
done in an atmospheric tower at 160°C. The light ends may include gasoline,
solvents and glycol.

The second step is a vacuum tower to recover gasoil before the third step of
vacuum distillation accompanied by a thin film evaporator to recover vacuum gas
oil (VGO) leaving the asphaltic residue with most of the contaminants (metals,
polymers, carbon and dust) drawn from the bottom.

WATER AND
LIGHT ENDS
O GASOIL
—O SN 150
GASOIL VACUUM FINAL
gﬁED c—— DEHYDRATION [ STRIPPING _.DISTILLATIUN -8 FINISHING _.r
—Q SN 500
g Q RESIDUE

Fig (13) - The STP Process - Source 94

The VGO is then either treated chemically if the process is to produce API Group
I base stocks or hydrotreated if API Group II are to be produced. The hydro-
treatment process as usual removes further contaminants such metals, sulpher,
chlorine, oxygen, PCBs and PNAs.
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The final step is fractionation to recover further gasoil and produce light and
heavy base stocks.

The yields are reported to be 7% water, 5% gasoil, 75% lube oils and 13% asphalt.

Many plants have been built by STP including three in Italy of total capacity 125
thousand tons a year, a plant in Canada of 60 thousand tons a year to produce
VGO and a similar plant in France for 120 thousand tons a year. The company
says that VGO is used as feed for further processing in a fluid catalytic cracking
unit (FCC) or a hydrocracking unit (HC) **.

The Dollbergen Process: 124

Fig (14). This process belongs to a re-refinery in Germany (Mimeraol-raffineirie
Dollbergen) and was patented in 2004. It is based on distillation and solvent
extraction processes. After settling and filtration, potassium hydroxide solution
(KOB) is injected into the used oil stream to neutralize acids and help in the de-
metalizing of the oil. The used oil then enters a distillation column at near
atmospheric pressure and 140°C to remove water and light ends. The second step
is a vacuum column at bottom temperature of 260°C to recover “light heating
oil”!, diesel and gasoil, and the third step is a thin film evaporator working under
high vacuum (0.044 psi) and 385°C to separate a heavy bottom product. The
stream is then treated by N-methyl1-2-pyrrolidone (NMP) solvent in a solvent
extraction column to extract contaminants and finally to recover solvent and base
oil cuts by distillation.

The processors say that toxic components such as PNA and PCB if present in the
used oil are thereby removed. They claim that the solvent extraction process is
superior to hydrogenation in preserving components of synthetic base oil that may
be present in modern lubricating oils.

A second thin film evaporator under higher vacuum is used to treat the bottoms
of the first one to recover heavier base oil stock (not shown in the diagram). The
base oil yield depends on the solvent to feed ration and can range between 84 and
92%.

The capacity of the re-refinery using this process is 230 thousand tons a year.>*
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Fig (14) - Dollbergen Process - Source 1, 24

Other Processes:

There are other processes which are either not widely used or discontinued for
various reasons or very expensive to build and run. Briefly some of these are:

1- The Phillips Petroleum PRPO process' * involves treatment with di-
ammonium phosphate, clay and hydro-treatment and fractionation. It is
expensive to build and run and the disposal of waste is environmentally
problematic.

2- The Atomic vacuum Company Process' ? involves treatment with

polymers to separate sludge and then followed by molecular distillation

and clay treatment to get refined base oils. Used in a plant in Mumbai,

India.

3-  The Interline Processl, 3 is an acid treatment process where the acid
and contaminants are neutralized by ammonium hydroxide and
potassium hydroxide. With the exception of a plant in Spain all the
plants of UK, South Korea and US were closed for environmental
reasons. Therefore, this process did not live up to the expectations,
when it came in 1994, of low investment and operating cost in addition
to its suitability for small plants.

There are other prototypes or pilot plants processes that have not been tried on
commercial scale such as but not limited to the: Bechtel MP process, Kellogg
ROSE process, Exxon process, German Entra process and so on.
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Clarifving Industrial Oils:

It is imperative for good housekeeping sake, environmental protection and
reducing expenses to use lubricants for as long as possible before changing or
treating them.

A long time ago simple dewatering systems were used to treat used oil for it to
be utilized as fuel oil**. There are mobile or fixed installation units for the
purification or clarification of mineral oils (fuel and lubricating oils) used in
marine installations and power stations. The heart of the unit is a centrifuge which
separates water and sludge and circulates the clean oil back to the system.

Unit capacity can be up to two cubic meters per hour. Other manufacturers have
mobile units mounted on trucks to do such service in many scheduled
installations®. Qil testing by the client is important and even additives can be
added to the cleaned oil. These services can be useful for turbine oil, transformer
oil, hydraulic oil and some metal working oil. The practice is sometimes called
“laundering”!%” as it refers to cleaning in place. By using these services and
techniques, service life of the oil is extended, changes are minimized and resource
conservation is enhanced and environmental load is lessened. Needless to say that
engine oil is excluded due to the complexity and severity of its operating
conditions and level of contaminants.

Process Selection Criteria:

The selection of environmentally sound technology (EST) for the re-refining of
used oil is not a straight forward task. There are many aspects to consider before
reaching a decision. As far back as 1995, the Basel Convention set the technical
guidelines™ for this task. The basic criteria are as follows:

* Feedstock quality and nature of its contaminants must be determined in
addition to the environmental and health risks associated with handling and
processing.

* Deciding on the desired quality and yield of base oil to be produced.
* The disposal of any hazardous waste that may be generated.

* The economic feasibility of the project and the availability of feedstock
on sustainable basis.
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* Consideration of the plant location and its relation to the efficient
collection, storage and transport of used oil and whether the plant needs
services or input from an existing facility. This is particularly important
with respect to hydrogen.

* The national or local legislation in place.
* The Socio-economic benefits with respect to employment and others.

* Consideration and utilization of experience gained in other countries or
plants.

It is important to understand that the traditional processing of used oils such as
acid clay process or even distillation clay process are increasingly not desirable
in many countries because of the hazardous waste they produce and the cost
associated with its treatment. The distillation clay process may only be used for
small capacity plants in any case.

Therefore we are really left with either solvent extraction or hydrogenation
processes. Take the European Union as an example! . In 2012, the solvent
extraction processes total capacity was 581 thousand tons a year in eight plants
and catalytic hydro-treating total capacity was 306 thousand tons a year in three
plants. But the trend may be shifting in favour of the hydro-treating route due to
the need to produce higher quality base oils such as API Group II & III.

In North and South America', four plants are using hydro-treating processes to a
total capacity of about 655 thousand tons a year and two plants are using solvent
extraction processes to a total capacity of 78 thousand tons a year.

In Asia Pacific and Australia, two plants are reported in 2012 using solvent
extraction processes at a total capacity of 94 thousand tons a year. In Indonesia,
40 thousand tons a year plant uses hydro-finishing.

This is not to say that these are the only plants processing used oil. There are
about 200 oil recyclers in North America but only three are primarily re-refiners,
which recover lube oil for reuse. The others recycle waste oil by producing fuel
for energy recovery'. The same goes for Europe where there are many plants
processing used oil for fuel only'. Plants using old and no longer reliable
processes are not reported in the statistics. Overall, there are 400 plants
processing used oil for fuel or base oil production around the world'.
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Chapter 4 - Burning Used Oil for Fuel

Used oil for fuel is a competitor to the re-refining industry in many countries as
we shall see. The European Union (EU), the U.S. Federal Government and other
countries have given priority to the re-refining of used oils but most of the
generated and collected used oil still goes to fuel'-+ 7222,

Instead of re-refining, used lubricating oil for fuel and energy recovery is called
recycling which means here, using a waste material to make something new and
useful from it.

Therefore, used lubricating oils are often recycled to be combusted in high
temperature industrial combustion systems to ensure complete combustion and
avoid the release of harmful substances into the environment*. These systems
include cement kilns, blast furnaces, power plants, industrial plants boilers and
space heating’.

While used lubricating oil can and is used directly as fuel, replacing coal or fuel
oil in the above mentioned applications, there are processes that can treat the stuff
for better fuel applications including diesel fuel or marine and railway engines
fuel.

The estimation of global used oil generated globally is not an easy task “as users
and recyclers either do not collect, or do not share, data.”* The same source
estimates that about 5.25 million tons a year are “burnt as fuel and dumped and/or
land filled*.” With environmental regulations tightened in many countries, this
estimate is conservative as we shall see later.

Direct Burning of Used Qils:

In the beginning, when heat value of used lubricating oils was appreciated, it was
used without pre-treatment or processing and without any quality control or
specification'. As environmental awareness spread, it was realized that such
practise is harmful to health and the environment and had to be controlled.
Perhaps the first kind of treatment was no more than settling in a heated tank at
70 to 80°C, decanting to drain water and filtration to remove sludge and
suspended matter®.

Utilizing used oil for the partial replacement of fuel oil is now widely applied
around the world' under controlled conditions in cement kilns, stone quarries,
asphalt coating plants, smelters, coking plants, brickworks, large industrial
boilers and power plants'. The word “partial” is not obligatory as some of the
above applications can utilize only used oil if the volume is available. It was also
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thought that mixing used oil with virgin fuel will lessen the environmental impact
of the former provided that ash content is limited and does not exceed some
regulation®. In any case, the market for fuel oil far exceeds the availability of used
oil for the purpose.

There are two applications of burning used oil that do not need much treatment
except perhaps settling and dewatering which is known as mild processing?.
Burning in cement kilns and hot mix asphalt plants does not cause too much
environmental worries. Both applications “operate at high temperatures and have
fairly long residence times to enable the destruction of most of the undesirable
chemical compounds in the oil'”. Therefore, the Polynuclear aromatics (PNA),
chlorinated hydrocarbons and heavy metals are destroyed in cement production
furnaces' and asphalt mix plants. The metals are said to be locked in the produced
cement?* Especially in modern cement plants, there is efficient flue gas scrubbing
equipment to reduce emissions to atmosphere.

There are further logistical advantages that are relevant here. Cement plants and
asphalt mix plants are normally distributed around the country. Therefore, it is
beneficial for used lube oils collection and transportation to go to the nearest fuel
user. To show the extent of burning used oils in cement kilns, the Cement
Bureau'*said that 17% of fossil fuels used in the cement industry in Europe are
replaced by burning used oil in 2003. In Germany 600 thousand tons a year of
used oil is burned in cement kilns in 2002, which is equivalent to half of German
requirements while three quarters of French requirements are met by burning used
oil'™,

Heavy fuel oil is not immune from contaminants such as metals, sulpher and
asphaltenes, which are detrimental to equipment in forming ash, slag and
corrosion. Equally, used lubricating oils contain higher levels of metals and ash
forming constituents. In applications other than cement kilns and asphalt mix
plants, it is often necessary to have access to landfill sites with permits to handle
the toxic ash*°.

No matter what, it is important to reduce the risk of burning used oil by settling,
filtering and even centrifugation to remove solids and water. Distillation and
solvent extraction are more sophisticated methods of producing better fuels.
Mixing with virgin fuel and the installation of flue gas scrubbing systems reduces
the environmental risk to a large extent.

It is also important to know what fuel used oil is actually replacing in burning
applications. If it is replacing coal in a power station or any other application then
it is considered better for the environment”’. However, if used oil is replacing
gasoil in asphalt mix plants then environmentally the former is better'®’. Perhaps
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the question must be asked as to why asphalt mix plants use gasoil instead of the
much cheaper heavier fuel. It must be remembered that cement kilns sometimes
use scrap tyers for fuel and used oil is certainly better environmentally'®.

Burning used oil in space heaters for small businesses recovers the heat value but
is likely to cause local air pollution?? and care must be taken here in the equipment
and set up design?®.

Finally, low temperature burning of waste oil must be avoided due to the potential
pollutants in gaseous emissions that can be released such as carbon monoxide,
sulphur and nitrogen oxides, particulate matter (PM 10), toxic metals, organic
compounds, hydrogen chloride and dioxins/furans®.

Processing Used Oil for Fuels: 1. 107

There are a number of processes that have been applied to condition used oil for
fuel. The treatment is said to be severe processing?? as compared to the mild

processing needed for direct burning. These processes are in brief as follows!:
4,107

The Propak process:

Fig (15). This process involves thermal cracking of the used oil followed by
distillation and stabilization to produce gasoil (diesel) and fuel oil. Used in
Canada and Belgium but the product quality is poor with respect to sulpher. Gas
fraction and naphtha may be used as process fuel.

Used oil Gas fraction

Dehydrati
ydration Wast water

Gas fracton

Thermal cracking Residuup
Naphtha
Distillat
ROBYS process

Diesel fuel

Fig (15) - Propak process — source 107

2016 plat Acolall Ellgi 3330m 53300 Acolall & gomd (ol sube



Al (glailtly daaidl Alxe 67
161 saedf - 2017 (ya20,¥1 9 SIS Alomalt

The Trailblazer Process:

Fig (16). This process is based on preflash to remove water and light ends
followed by vacuum distillation to produce industrial or marine fuel close to
virgin vacuum gas oil. The bottom of the vacuum step is asphalt extender. One
plant in the US processes 170 thousand tons a year of used oil.

Waste oil
4 “ Light Hydrocarbons
Pre-flash  |—f Water
l Diesel Fuel
R ——————

Wacuum Distillation Bottoms
—————

Fuel Gil

Fig (16) — Trailblazer Process — Source 107

The Zimmark Process:

Fig (17). This process involves coagulation and precipitation with chemicals to
remove impurities by precipitation at elevated temperature. After days of settling,
it is followed by distillation to produce desired cuts. The products qualities are
poor and may be used as fuel or mixed with lubes for low grade applications.
There are units in Canada, US, Mexico and Asia. Mobile units are reported in
Canada to avoid transportation of used oil.

Waste ail
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Heating Precipitation Resdwe
e
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Base Oil

Fig (17) — Zimmark Process — Source 107
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Fig (18). This is the most used process and it involves a preflash followed by thermal
cracking performed in a furnace coil with soaking drums* to produce fuel oil and gasoil
with poor quality. The process is said to be suitable for small plants of 6 to 15 thousand

tons a year* There are between 18! and 25* plants around the world with capacities

ranging from 300 tons to 12 thousand tons a year®.

Waste oil
Filtration Rﬁﬂu?
Water
De-watering
Thermal Cracking |
Fuel Gas
Distillation | Residue

Heavy oi
¢+ MNaphtha
Diesal Fuel

Fig (18) — SOC process — Source 107

The Spring Qil Conversion Process:

A variety of this process replaces the cracking furnace with a rotary kiln and is
suited to larger facilities. A plant of 40 thousand tons a year was built in Belgium
in 2001 with other plants in Canada®.

There are many other prototype processes that have not been commercialized yet.
Other than burning for heat and energy and re-refining for base oil, used oil is
utilized for a number of lesser purposes such as road oiling in rural areas, asphalt
cutter and the like.

In the European Union:

In Europe, the importance of burning fuel oil is well demonstrated in the statistics.
Although CONCAWE?? (which represents both lubricating oil manufacturers and
re-refining plant operators) says that “Most have concluded that re-refining is
‘better’ than burning, usually on grounds of energy efficiency” but countries
differ on this and some have “concluded that none of the possible disposal options
had a clear advantage and that the results might well differ from place to place
depending on local circumstances and the quantities of used oil available for
disposal ?*”

2016 plat Acolall Ellgi 3330m 53300 Acolall & gomd (ol sube



Al (glailtly daaidl Alxe 69
161 saedf - 2017 (ya20,¥1 9 SIS Alomalt

The EU Waste Directives 75/439/EEC as amended by 87/101/EEC and 91/692/
EEC had given priority to re-refining' in the use of collected used oil. But
individual countries couldn’t meet this. These countries say that re-refining is
uneconomic in their circumstance and that there is no clear cut environmental
advantage over burning'. Conflicting studies could not resolve this issue and the
EU “commissioned a review of existing environmental impact studies which was
published in 2001 and applied life cycle analysis to used oil disposal and
concluded that “priority to regeneration of waste oils over use as fuel is not
justified by any clear advantage*.” Members were quick to point out that life cycle
assessment studies (e.g. Sofres)* reached similar conclusion and that
environmental benefits come from increased collection rates of used oil rather
than its final use.

Table (7)
European Union Lubricating Oils Consumption and Disposition - 2006 - Thousand tons
Country consumption | Collected | % | Burning —It);(;,c:::ls Rerefining _Lllaﬁp(():;‘tt/ Others

Austria 79 40 50 27 0 0 12 0
Belgium 142 60 42 1 25 0 15 20
Bulgaria 55 17 31 0 1 0 0 16
Cyprus 0 4 0 0 0 0 0
Czech R 111 33 30 32 0 0 1 0
Denmark 68 20 30 5 0 12 4 0
Estonia 19 5 28 5 0 0 0 0
Finland 79 23 28 23 0 0 0 0
France 765 225 29 93 7 94 5 25
Germany 1174 525 45 155 210 240 -105 0
Greece 100 36 36 0 0 36 0 0
Hungary 109 28 26 14 0 0 0 14
Ireland 38 20 53 0 0 0 0 0
Italy 542 216 40 33 1 173 0 1
Latvia 37 11 29 11 0 0 0 0
Lithwania 49 14 29 14 0 0 0 0
Luxembourg 10 5 54 0 0 0 5 0
Malta 4 1 30 0 0 0 0 0
Netherlands 252 50 20 0 0 0 50 0
Poland 351 77 22 13 0 49 15 0
Romania 130 28 21 19 6 0 0 2
Portugal 89 29 32 17 0 3 3 5
Slovenia 20 4 20 3 0 0 0 0
Slovakia 50 15 30 15 0 0 0 0
Spain 545 160 29 70 0 90 0 0
Sweden 148 45 30 37 0 0 8 0
UK 800 350 44 240 30 50 10 20
EU 2006 5766 2040 35 827 280 747 24 102
Source: 1 based on GEIR and collated by author.
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The collection rates in individual EU countries in 2006 range between 20% for
the Netherlands and 54% for Luxembourg. The EU average is 35%, well below
the target of 50%. These collection rates refer to consumption and if they are
referred to the theoretically collectable, they would be much higher (double or
more than the above rates). The low collection rates reflect the difficulties of used
oil management even in these well developed countries. The major countries
collection rates are 40, 44 and 45% for Italy, UK and Germany respectively.
There is a potential of at least another 0.9 million tons a year to be collected either
for burning or re-refining in the EU. These rates have improved in later years for
some countries.

Table (8)
EU Lube Oils Disposition — Million tons/y
2006 2008
Consumption 5.8 5.7
Used Oil Collection 20 2.0
Burning 1.1 1.1
Re-refining 0.7 0.7
Others 0.1 0.2
Source: 2006 (1) & 2008 (61) - Both based on GEIR. Also (25)

In the United States:

The US Environmental Protection Agency (EPA) classifies waste oils, including
used oils, into two categories. On-specification oils are those that do not cause
much environmental concern while off-specification oils are those that do cause
environmental concern due to higher limits of heavy metals, halogens, or the
presence of low volatile fuels®.

Specifically, any used oil that contains more than 5, 2, 10, 100, 4000 parts per
million (ppm) of arsenic, cadmium, chromium, lead and halogens respectively is
classified as off-specification*. The flash point must also be 38°C minimum to
avoid possible explosion on ignition.

The EPA allows the burning of on-specification waste or used oils for heat
recovery in specific equipment without limitation while the off-specification
waste oils are allowed to be burned in smaller devices of “500,000 BTUs or less,
vent to the outside and burn only oils generated on-site™*.

Reviewed lube oils disposition in the US for 10 years did not show many changes
with respect to volumes'. Therefore the 1995 numbers from a 2006 Department
of Energy (DOE) study'? are still representative, according to DOE, and shown
in Table (9).
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The disposed oil of the collected is reported to have declined from 0.426 billion
gallons in 1995 to 0.348 billion gallon in 2002', a positive result of tightened
regulations.

Table (9)
US Lube Qils Disposition - 1995

Billion Million

Gallons tons
Consumption 2.5 8.32
Generated Used Oil 1.371 4.56
Collected Used oil 0.945 3.14
Burned for Energy 0.784 2.61
Re-refined 0.161 0.53
Disposed 0426 1.4

Source: (1) & (3) — Based on DOE 2006 Study
& author adaptation.

It is clear that the US situation is more inclined on burning used oil which
constitutes 83% of the collected oil and only 17% is left to re-refining. There is a
potential of over one million tons a year for either application to avoid dumping
in landfills and the environment.

However, the appreciation of crude oil prices after 2002 hence those of base oils,
encouraged the expansion of the re-refining industry in North America where in
2012 re-refining capacity was just less than 800 thousand tons a year according
to the consultants Kline*’. The same source continues to say that by 2017, if all
new capacities come on stream, North America's re-refining capacity is expected
to reach more than 1.2 million tons a year. However, the decline of crude oil
prices since June 2014 may have put this program on hold as no new plants are
reported.

In the World

It is unfortunate that the statistics for other regions of the world are fragmented
and very hard to find. But the world lube oil disposition is analysed in the famous
Kline Report® of 2009 and its disposition is shown in Table (10).

The report says that 5.9 million tons could not be collected and nothing is known
about its use’. Also of the collected used oil there is one million ton that is
disposed. The total disposed used oil is therefore in the order of 6.9 million tons
in 2009.

Similar to the trend in Europe and the US, the used oil for energy recovery is
dominant at 12.9 million tons in contrast to 2.6 million tons re-refined. In the
following Table (11), the world, US and EU numbers are used to generate an
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approximate, repeat approximate, idea of what is the position in the rest of the
world.

Table (10)

World Lube Qils Disposition — 2009 — Million tons
Consumption 323
Generated Used Oil 224
Collected Used Oil 16.5
Burned for Energy Recovery 12.9
Re-refined 2.6
Disposed 6.9

Source: (3) based on Kline Report 2009 and author’s
adjustment for disposed used oil

Table (11)
Approximate Utilization and Disposal Of Used Oils — million tons/y

UsS World
EU 2008 1995 Others 2009

Burning 1.1 2.61 9.19 12.9

Re-refining 0.7 0.53 1.37 2.6

Others 0.1 0 0.1 0.1

Disposed 0.9 14 4.6 6.9
Source: Authors adaptation based on previous Tables and disposed definition. Based

on 32.3 million ton/y demand.

Here again the burning for energy is much more prominent than re-refining and
that greater effort must be made to reduce disposal into the environment the world
over. It is to be noted that some sources* believe world lube oils demand is now
over 40 million tons a year and therefore the disposed oil must be much higher
by now. Even if the re-refining capacity of the US is adjusted as discussed earlier,
the picture does not change much and burning used oil remains prominent.

However, there are secondary uses for used lube oils that are too fragmented to
account for but may not be environmentally sound. For example, in Russia®?, out
of 1.1 million tons a year of generated used oil only 0.055 is re-refined, 0.11 is
burned for energy and 0.935 is disposed of into the environment. But the same
source suggests that “25 percent of Russia’s used lubes get filtered and then
reapplied as insulation or electric transformer oils or as coolants.”

No matter what, burning of used oil for energy recovery is to be treated seriously
and must be given consideration in any future study for re-refining.
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Chapter 5 - The Economics of Re-refining

For a long time, the prevailing view is that re-refining of used oils is uneconomic'
due to the multitude of factors that work against the industry such as the relatively
high investment required as compared to burning applications, the costly
collection system that has to be financed by the industry, consumers or the
government, the lower prices in the market for re-refined base oils as compared
to virgin base oil prices and the cost of getting rid of environmentally stressful
waste in some processes.

The research studies are divided on the economic viability of re-refining but a
general rule cannot be made and the re-refining projects remain country and site
specific that takes all the parameters into consideration. However, this does not

rule out the possibility of economic attractiveness in certain situations if the
choice of a suitable process, plant location and plant size are made correctly.

But first, let us see the factors that influence decision making on a re-refining
project.

The Impact of the Price of Oil:

The price of crude oil and its products has and will always be a factor in
consumption of petroleum products and lubricants are not excluded. Only the
degree of impact may differ from one product to another but the general principle
and direction is the same for all.

Crude oil prices directly affect base oil prices which are the largest cost
component of finished lubricants. Therefore, when oil prices are high, consumers
tend to use less fuel, and therefore less lubricant, due to conservation and the need
to balance the disposal of income among different requirements. At the same time
high oil prices may slow down the economy and therefore fuels and lubricants
used in transportation and industry are reduced accordingly.

This revelation is very well demonstrated in the OECD countries where reliable
statistics are available. Fig (19) shows the evolution of lubricants consumption
against the benchmark Brent crude oil prices as developed from the International
Energy Agency (IEA) statistics’’ for lubricants.

When crude oil prices were low between 1984 and 2002, lubricants consumption
in the OECD region was generally rising though with some variations up and
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down due to other reasons. But when crude oil prices started rising as of 2002
lubricants consumption reacted sharply by falling. The price effect is clear though
the fall in consumption of lubricants may have also been affected by the improved
quality available to consumers. But the quality effect does not act as fast as the
price effect.
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Fig (19) - OECD Lubricants Consumption Vs Brent Crude Price - Source 77

The high price of crude oil while impacting lubricants consumption negatively, it
encourages re-refining because it makes base oil derived from re-refining less
expensive than virgin base stock. This was clearly demonstrated by the expansion
of the re-refining industry in North America during the high crude oil prices
period before 2014.

At the same time, crude oil prices impact the prices of virgin and re-refined base
stocks. Fig (20) developed from data by ICIS the lubricants consultants and price
reporters, as obtained privately from a re-refiner in Europe. When the price of
crude oil was relatively stable during January 2013 to June 2014, re-refined base
oil prices in the domestic and export markets were reasonably high and also
relatively stable. But they started falling after June 2014 following the fall of
crude oil prices. On average, there is about $16 a barrel (about $115 a ton)
difference between domestic and export prices of re-refined base oils in Europe.
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Fig (20) - Dated Brent Vs. Re-refined Base Oil - Source ICIS”

It is concluded here, that high crude oil prices may contribute to the decline in
lubricants demand especially when coupled with the availability of better grades
of lubricants. At the same time low crude oil prices reduces base oil prices, virgin
or re-refined and makes the re-refining projects less attractive if any.

Lubricants Supply & Demand:

The country, regional and world demand for lubricants is dependent on many
factors among which are economic growth, population, environmental
regulations, oil prices and the degree of development with respect to
industrialization and urbanization. Another important factor came along as a
result of technological advances in processing, additives technology and the trend
towards increasing drain periods.

It is not the intention here to discuss in details the evolution of lubricants demand
but to see how the forecasts might affect the re-refining industry. In any case there
are more specialized consultants on the subjects and in Table (12) a construction
of the evolution and forecast of lubricants demand from 2002 to 2019 is indicated.
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This is collated from the various forecasts of the Freedonia Inc.”> 7>, the US
consultants on lubricants.

Table (12)

Lubricants Demand 2002 - 2019 - Million tons a year

2002 | 2007 | 2009 | 2012 | 2014 | 2017 | 2019 | Growth % /y

Region 2002- | 2014-
2019 | 2019

Asia-Pacific 99 | 133 | 135 | 157 | 165 | 190 | 195 | 4000 | 3.400
North America 107 | 100 | 88 | 103 | 99 | 96 | 10.1 | -0.003 | 0.004
Western Europe 54 | 53 | 50 | 51 | 49 | 46 | 49 |-0005] 0.000
Eastern Europe 2.9 34 3.5 3.6 3.8 4.0 4.1 | 2.000 | 1.500
Africa/Middle East | 29 | 34 | 33 | 36 | 38 | 41 | 43 | 2300 | 2.500
Central & South |y ¢ | » 1 | 9 | 23 | 23 | 27 | 26 | 2200 | 2500

America

Total World 337 | 375 | 361 | 405 | 41.1 | 439 | 454 | 1.700 | 2.000

Source: 72,73 & 74 Freedonia Group Inc. Slight modifications and growth rates by author.

It is clear that the growth in the world lubricants demand is modest at 1.7% a year
for the whole period and 2% a year for the forecast period from 2014. The growth
in North America and Western Europe is very slight if any as these regions are
mature, consuming higher grades of lubricants”’* and perhaps exercising much
better conservation and drain periods where consumers also seek to reduce
handling and disposal costs’.

The highest growth rates are in Asia - pacific of 4% a year for the whole period
and 3.4% a year for the forecast period with expanding numbers of motor vehicles
and continued industrialization’?. The growth in the remaining regions is above
the world average and below that of Asia — Pacific. These developing regions of
Central and South America, Africa and the Middle East are expected to exhibit
gains due to economic growth, greater manufacturing output and increased motor
vehicle ownerships’. Fig (21) shows the trend clearly.

However, the above forecasts are believed to be optimistic by others in the
business. Kline & Co believe that lubricants demand to be 39 and 42 million tons
a year in 2014 and 2019 respectively’2. This is about 2 to 2.5 million tons a year
difference.

Reports by Fuchs Petrolub® in Feb 2016 gives demand for lubricants — excluding
marine oils - at 36.0 and 35.6 million tons a day in 2007 and 2014, which are
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much lower than Freedonia’s especially for 2014 even if marine oils are included.
In another report64, Fuchs Petrolub forecast 2017 demand at 41.3 million tons a
year, again much lower than Freedonia’s.
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Fig (21) - Sources: 72,73 & 74

In 20077, the Freedonia’s forecasts were higher but the economic and financial
crises of 2008 reduced expectations as evident by the declining demand numbers
of 2009. Consumption then was expected to reach 46.6 million tons a year in
20157, a number that is unlikely to be reached in the period under discussion.

It is to be understood that additives are capturing increasing share of the lubricants
market as their rate of growth surpasses that of base oils’!. The new performance
standards and the extended oil drain periods require better lubricant’s packages
and therefore higher groups and more additives.

According to Kline & Co.”!, the additives market in 2014 was 4.2 million tons of
39.4 million tons of finished oils, or 11%. The same report suggests that additives
demand is expected to grow at 1.6% while base oils demand growth may only be
at 1.2%. This will exacerbate a base oil industry likely to suffer from excess
capacity.

Base oils capacity surplus was 6.5 million tons a year in 2000% but the surplus
disappeared in later years, due to capacity rationalization, only to start appearing
again recently.
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Table (13) shows global base oil refining capacity'® in various regions of the

world, which is much higher than the demand projections provided above. In a
January 2016 article about ICIS lube conference in Dubai*?, it was suggested that
base oil facilities were operating at 65% of capacity in 2015 and that the surplus
capacity stood at 19 million tons a year. The surplus is forecast to grow to about
22 million tons a year by 2020. The new capacity additions in groups II and III
are about 7.5 million tons a year by adding up the new capacities between 2013
and 2016 only>”. Some rationalization is expected especially in phasing out group
I capacities but the fact remains that surplus capacity is going to weigh on the
market and this does not bode well for the re-refining industry.

Table (13)
Global Base Qil Refining Capacity 2014 - 1000 barrels/day*
Grou Grou Additions
Groupl | =T2HR | ZIOUR | Naphthenic | TOTAL | 2014-
I 11
= = 2015%*
North America 75.0 157.8 2.0 48.1 282.9 24
Western Europe 113.6 55 8.6 104 138.1 14.0
Central & Eastern 86.0 14 26 0.0 90.0 70
Europe
S.Asia/Pacific/Australia 63.7 46.8 16.0 0.0 126.5 5.2
Middle East & Africa 68.9 6.0 30.2 0.0 97.1 11.0
China 39.5 68.6 7.0 23.7 138.8 343
Japan & Korea 32.5 60.3 50.9 3.6 147.3 13.0
TOTAL 479.1 346.3 117.3 85.8 1020.6 86.9
TOTAL Milliontonsa | 544 | 177 | 60 44 52.1 44
year
* Includes only solvent extraction and hydro-finished re-refining capacity
** This list is not exhaustive and there could be more
Source: (103) Lubes'N'Greases 2014 Guide to Global Base Oil Refineries

The Impact of Process Selection:

Process selection by itself depends on many factors and not just economic. Is the
project in a country with a good and well controlled collection system? Are the
laws and regulations supportive of a re-refining project? Apart from the used oil
feed, are other raw materials available or not? Is the project inside or close to a
petroleum refinery where exchange of materials, reduction of safety and security
cost is possible? This is particularly important with respect to hydrogen supply if
the selected process is of the hydro-treating type. How big is the re-refining
project under consideration? To start with it should be as big as the collection
system can support in a sustainable manner. At the same time some processes are
suitable for large plants and others for small plants. The modern plants which
produce good quality hydro-finished oils are much more economical than small
plants of the same technology.
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All these questions have to be answered up front before alternative processes can
be pursued.

Different processing schemes were compared in a report that was presented to the
European Union in 2001 by the consultants TN Sofres' after surveying the
existing re-refining plants at the time. The results of this important report found:

- New plant economics were not favourable without an initial subsidy of
10 to 100 Euros per ton of feed.

- Re-refining plants cannot compete with the fuel combustion option due
to its low investment and sometimes tax advantages over lubricants.
Thermal cracking to make fuels were economic and needed no
subsidies.

- The collection and delivery cost was in the range of 25 to 100 Euros per
ton of feed.

- Consumers are apprehensive about re-refined lubricants which makes
re-refined base oil prices 10 to 25% less than those of virgin base oils.

The data presented in the study was used to generate parameters for 100 thousand
tons a year re-refinery using different processing scheme as shown in Table (14).

The so called waste oil fee or used oil fee is the difference between cost and
revenue. When this parameter is negative it means the plant does not need subsidy
contrary to when the value is positive. The breakeven point is when the used oil
fee is zero. If all conditions remain the same and the re-refining plant size reduced
to 35 thousand tons a year all the processing schemes will need subsidies to be
viable as shown in Table (15).
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Table (14)

Derived Used QOil Fee Euro/ton for Various Processes

100 thousand tons/y Plant

Acid | TFE+ | TFE+ TFE+ TDA+ | TDA+ | PDA+
Clay Clay | Hydro | Solvent Clay Hydro | Hydro
Capacity 1000 ton/year 100 100 100 100 100 100 100
Capital cost million Euro 34 37 57 49 45 69 61
Operating Cost Euro/ton 152 165 214 202 280 304 248
Revenue Euro/ton 177 203 251 226 211 252 224
Used Oil Fee Euro/ton -25 -37 -37 -24 69 52 24

TFE = Thin Film Evaporator

TDA = Thermal Deasphalting

PDA = propane Deaspahlting

Source: Adaptation from (1). Simple averages of cited plants in Europe. Based on GEIR,
CONCAWE & TN Sofres. Plants capacity has been normalized to 100 to make the comparison more

representative.

Table (15)

Derived Used Oil Fee Euro/ton for Various Processes

35 thousand tons/y Plant

Acid | TFE+ | TFE+ | TFE+ | TDA+ | TDA+ | PDA+
Clay | Clay | Hydro | Solvent | Clay | Hydro | Hydro
Capacity 1000 ton/year 35 35 35 35 35 35 35
Capital cost million Euro 17 19 29 25 23 35 31
Operating Cost Euro/ton 244 265 343 323 449 399 399
Revenue Euro/ton 177 203 251 226 211 252 224
Used Oil Fee Euro/ton 67 63 92 98 238 52 175
Used Oil Fee Comparison of Two Capacities
Capacity 100 -25 -37 -37 -24 69 52 24
Capacity 35 67 63 92 98 238 147 175

Source: Adaptation from (1). Simple averages of cited plants in Europe. Based on GEIR,
CONCAWE & TN Sofres. Plants capacity has been normalized to 35 to make the
comparison more representative. The used oil fee is compared for two cases.

Comparison of the two cases reveals that all processes need subsidy when the
plant is of small capacity and that subsidies per ton of used oil feed increase when
the plant is smaller as displayed in Fig (22).
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Fig (22) Used Oil Fee (Subsidy) for Different Capacity - Euro/ton

In the original analysis, the product prices used to calculate revenue per ton are
kept constant and the same is done here in the reduced model. Using today’s
prices of products makes the situation even worse.

The only criticism of this analysis that may come to mind is that the report is old
and probably needs updating. However, this report is often cited in new studies
which means at least in direction and conclusions the findings are still valid.

Fees and Subsidies:

Conservation of resources and environmental protection with respect of re-
refining used oil has been discussed at length earlier. Suffice it to say here that
used oil is a resource that should not be wasted by dumping in landfills where its
impact on the environment and human health is quite risky. At the same time
energy requirement in re-refining is much less than that needed for virgin base oil
production and here also there is environmental and human health gain.

However, resource conservation and environmental and health protection are
externalities as far as the consumer is concerned who cares only about the quality
and cost of the lubricant he uses for his applications.

In economics, according to Wikipedia, an externality “is the cost or benefit that
affects a party who did not choose to incur that cost or benefit.” But society as a
whole does bear the cost of conservation or the lack of it by using more or less
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raw materials, in this case crude oil, and environmental protection cost must be
incurred as well to avoid the consequences of extra health and clean up services.

These externalities set the case for the so called subsidies that governments tender
to collectors of used oil and re-refining companies in order to save resources and
protect the environment. In fact some analysts and leaders in the industry!'® do
not use the term “subsidy” but “compensation for the disposal of waste oil
collected.” Moreover, used oil is a pollutant and according to the “polluters pay
principle” the consumer must be made to pay for abating the risk of his used oil.

All the above works in favour of the re-refining industry if the generated revenues
from consumers and governments are managed properly to promote and serve the
re-refining industry.

A questionable economics' shall not be made responsible to forego sustainability
of resources and environmental and health protection. If not, collectors and re-
refiners may cut corners to reduce cost at the expense of quality and controlled
services.

These considerations are also recognized by the International Environmental
Technology Centre of the United Nations Environmental Program (IETC/UNEP)
which was developed to test the Sustainability Assessment of Technologies
(SAT) in the selection of re-refining process'#. In licensing new projects or even
assessing existing ones, governments are advised to consult the SAT especially
that used oil recovery methods may differ from country to country and that there
is no single model of implementation®.

Examples of Economic Studies:

It is useful to cite here some examples of economic studies or indicators for
projects of re-refining used oils in some countries.

- A feasibility study for 80 thousand tons a year re-refining plant in
Turkey called for the use of solvent extraction technology. The study
recognized cases where burning used oils is advantageous in terms of
total environmental impact’, energy efficiency and conservation of
resources. It is in any case the preferred method in Turkey and the study
wanted a re-refining plant as a complimentary way in the Istanbul
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region. There are 15 plats in Turkey based on distillation and clay
treatment but the product is destined for fuel®.

The capital cost of the plant was estimated at $53 million (2012),
operating cost at $23 million a year and revenue at $61 million a year
making the profit before tax at $38 million a year. As good as it is the
project did not attract investors yet.

- In the United Kingdom, a study' was conducted in 2001 for the
Department of Environment, Food and Rural Affairs (DEFRA) to
compare alternatives for disposal of used oil. They compared two cases
for a 35 thousand tons a year re-refining plant, the first with a clay
treatment costing an average of 9.225 million pounds and the other with
hydrogen treatment costing an average of 16.8 million pounds. For a
targeted 15 to 25% rate of return to encourage investors they found that
the two schemes are money losers or they would need 4 and 5.5 pence
per litre in subsidies to break even.

Even when an existing site was considered the economics improved but
remained sceptical. In a scenario when the rate of return was reduced to
10%, the two schemes improved but remained border line and in any
case 10% rate of return is unlikely to encourage any investor.

Perhaps this is why until today no new re-refining plant is built in the
UK where the country burns its used oil and import additional quantities
for the same purpose.

- In 1995 a study in Saudi Arabia was conducted in King Fahad
University and compared tow processes, Meineken and CEP-Mohawk
for 50 thousand tons a year re-refining plant® !. The capital cost was
estimated at $28.75 and $17.71 million for the two processes
respectively and the rate of return came to be 11.24 and 45.36%
respectively. However, this study is old and may need major revision.
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Table (16)
Capital Cost for Various Projects Adjusted to 2015
C—Ig%x Year CT;%;L Adi;(fi(;d to | K$/tonly

USA 250 1991 120.0 217.0 09
USA 17 1994 7.0 11.8 0.7
USA 8 1994 35 59 0.7
USA 36 1994 15.0 252 0.7
Saudi Arabia 50 1995 28.8 47.1 09
Saudi Arabia 50 1995 17.7 29.0 0.6
UK 35 2001 13.8 19.6 0.6
UK 35 2001 252 35.6 1.0
Bahrain 36 2011 9.0 10.2 0.3
Turkey 80 2012 53.0 57.1 0.7
France 120 2013 72.5 76.2 0.6
Uzbekstan 45 2014 15.0 154 03
Australia 88 2014 65.0 66.6 0.8
Belarus 15 2015 20.0 20.0 1.3
Source: various

- A collection of capital cost data over the years and different countries
does not reveal a definitive trend because the processes are not always
known and the circumstances of the projects may be different.
However, Table (16) shows the data with the capital cost adjusted to
2015 by using an inflation factor of 2.5% a year.

Italy: Example of Success

The experience of Italy in re-refining used oils is very relevant as an example of
a successful effort and cooperation between the government and the lube
manufacturing and re-refining companies.

The operation is helped by laws and regulations that evolved over the years in the
European Union or in Italy itself driven by environmental concerns and resource
conservation'®,

The latest development in the legislative frame work is the follow up on the EU
Waste Framework Directive where re-refining used oil is at a higher priority than
burning for energy recovery though not compulsory. The Directive seeks the
reduction of waste production, preparing for re-use, re-refining or energy
recovery or disposal'®,
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Collection and Disposal:

To support the industry, the Italian government established by law in 1984 "The
Statutory Consortium of Used Oil (COOU)", a non-profit making organization
made up of lubricants manufacturers, collectors and re-refiners to foresee the
collection of used oil, its testing and allocation to re-refiners, according to their
capacity or requirement'®, and other users with priority of 90%'#!% to re-
refiners. COOU is also in charge of mapping out collection centres and regulating
their equipment and also those of the collection trucks in addition to licensing

collectors!'®.

COOU is financed by per ton contributions of its members in accordance with
their sales in the market whether virgin and re-refined. This has been introduced
by COOU to subsidize collection and re-refining with the agreement of the
lubricants producers. The contribution value varies year by year according to
some parameters including the price of the base oils.

In the early 2000s, contributions to COOU were 325 Euro per ton where 94 and
40 Euro is paid as subsidy to re-refiners and fuel plants respectively*. But the
contribution has been falling over time to 155 Euro per ton in 2010'%, In 2002,
collectors were paid 166.5 Euro per ton collected in addition to subsidies paid to
testing agencies'. The generators of used oils are obliged to give their collected
used oil without charge.

Additional advantage to re-refined products comes from a 50% reduction of the
excise duty applied to virgin lubricant, if the base oil is produced in Italy. The
European Union has requested Italy to ease this law to include imported re-
refined base stocks®*. This tax relief is later abolished and replaced by a unified
duty on all lubricant base oils whether virgin or re-refined.

The success of COOU is measured by the increase in collected used oil where the
rate has increased from 42.6 to 48.7% of lubricants consumption in 2008 and
2009 respectively or 95% of the collectable used oils*. COOU website!% says that
5.378 million tons were collected between 1984 and now and the regenerated
used oil was 4.432 million tons or 82.4%. The base oils produced as a result were
2.49 million tons in addition to other products. In 2014, COOU collected 167
thousand tons where 91% were regenerated to produce 111 thousand tons of base
oils making 25% of Italy's base oil requirements'%. More than 56 thousand tons
of asphalt and gasoil were also produced. The maximum collection of used oil
was in 2006 at 216 thousand tons'%°.
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Collectors (72 companies 6 of them national and the others regional) take the used
oil from the generators to their small storage depots and then transfer it again to
the larger COOU depots (5 depots) and in both steps relevant testing is conducted.

Lubricating oils consumption in Italy has been declining from 650 to 399
thousand tons a year between 2000 and 2009 respectively' and further down to
383 thousand tons in 2014 due to a combination of economic conditions and due
to improvement of lubricants quality and the longer distances travelled between
oil changes.

Re-refining of Used Oils:

Re-refining used oil in Italy goes back to the Second World War when used oil
was primitively treated for reuse due to the scarcity of resources at that time.
However the modern re-refining industry was established in 1963 when
Viscolube was founded as a result of environmental awareness and the necessity
to conserve resources.

Presently there are five active lubricant re-refining plants, one for re-refining
transformer oil only', with a combined nameplate capacity of about 260 thousand
tons a year* though GEIR reports a total nameplate capacity of 303 thousand tons
a year as shown' in Table (17). Either way there is excess capacity in Italy.

Due to the economic and financial crisis of 2008, the availability of used oils'>
has declined as a result of reduced consumption of lubricants as stated earlier. It
is to be noted that 80% of used oil collected in Italy is re-refined by Viscolube
where in later years the company treated 130 thousand tons a year of used oil to
produce about 90 thousand tons a year of base oils'**. The surplus in the capacity
of re-refining plants is very clear.

The success of the re-refining industry in Italy spilled over to many countries in
the world. Viscolube’s Revivoil process technology is now licenced in Poland
(80 thousand tons a year), Indonesia (40) and three plants in Spain at 20 thousand
tons a year each with other under design or planning for Indonesia and Pakistan'>.
However, Viscolube effort to expand into China with 40 thousand tons a year
plant is still under consideration by the parties. Plants of 40 and 80 thousand
tons a year in Venezuela and USA respectively have also been licensed.
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Table (17)
Re-refining Plants in Ital
Authorised
Plant Capacity Notes
Ktons/y
This plant evolved from propane solvent extraction
. . to thermal de-asphalting and high pressure hydro-
Viscolube (Lodi) 130 treating and the Revivoil process to produce Group
II base oils
Produces Group I base oils. Uses double propane
Viscolube (Frosinone) 84 deasphalting followed by low pressure hydro-
treating.
Produces mainly fuel and a limited quantity of
Ramoil (Naples) 35 Group I base oils. Uses thin film evaporator and acid
clay.
Siro (Milan) 9 Re-refining of transformer oil only with acid clay
process.
TOTAL 258

Source: Adapted from GEIR Statistics 2010 as reported in (1) and elaborated by author. 103
and 104. Also private information.

Important Economic Model:

In the book “Refining Used Lubricating Oils™! the authors James G. Speight and
Douglas I. Exall used an extensive model to study the economics of re-refining
projects and made the model available on the Internet for the book readers to use.
The model for a small plant is with distillation and clay treatment while the model
for a large plant is for hydro-treating. Both models can be downloaded using the
link:

https://www .crcpress.com/Refining-Used-Lubricating-Oils/Speight-
Exall/9781466551497

It is generally accepted that for smaller plants of up to 20 thousand tons a year,
the simpler type of plant such as distillation/clay treatment may provide better
economic returns, and larger throughputs may justify the use of a hydrogenation
step.

The two models are summarised in the following Table (18).
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Table (18)

Base Case Major Parameters of Two Re-refining Plants

. Capital Base il o
| 28 [ ot | o [ 2 |ty [re
2LV | Million | /2| $/ton $/b = -

Plant Process

Small Clay 20 6 0.27 700 98 27 3172

Large Hydrogen 50 45 0.27 610 85 32 117377

* Internal rate of returns on Investment ** Net Positive Value of cash flow (15% discounted)
L= liter

Source: 1 & https://www crepress.com/Refining-Used-Lubricating-Oils/Speight-
Exall/9781466551497

However, the model as it is needs some adjustments to separate the impact of
base oil prices from those of crude oil prices but it remains a useful tool for initial
analysis and could be adjusted further to suit the situation at hand. Many scenarios
can be run for the same process or for different processes to make meaningful
comparison for decision making.

There are major parameters that affect the economics of re-refining projects but

some have bigger impact than others, which necessitate a sensitivity analysis to
set the priorities of caring for these parameters.

Distillation/Clay Treatment Plant Economics:

The discount rate that makes the net positive value equals to zero is the internal
rate of return that makes the project over the considered period breaks even.
Obviously the investors want a higher rate of return and a higher number for the
net positive value. In fact some investors not only seek a higher internal rate of
return but also target a value for the net cash flow.

In the case of the small plant of distillation and clay treatment the economics is
most sensitive to the price of base stock. Only a 6% decline of base oil prices
sends the cash flow to zero while 11% increase of used oil cost is the second
parameter with respect to sensitivity. Other parameters (capacity and capital cost)
are not as sensitive. The results are shown in Table (19). In the same table current
conditions are used to generate economics for 20 and 30 thousand cubic meter
plants. Base stock price is current (April 2016) and capital cost adjusted by 10%
for the Middle East location. Used oil cost is $23 a barrel as discussed in the next
chapter.
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The internal rate of return is 19% and net positive value is $1.103 million. Used
oil cost can increase to $24.5 a barrel before NPV falls to zero. For a larger plant,
the IRR is 23% and NPV $3.853 million and an increase of used oil cost to $27 a
barrel would make NPV equals zero. In such a case subsidies would be in order
to encourage investment.

Table (19)
Small Plant (Clay Treatment) Sensitivity Analysis - 10 years
Base Stock | Capacity C—g% Used IRR NPV Yo
$/ton ML/Y E Oil $/L Yo K$ Change

Base Case 700 20 6 0.27 27 3172
Base Stock Change 656 15 0 -6
Capacity Change 15 15 0 -23
Capital Cost Change 8 15 0 38
Used Oil Change 03 15 0 11
Current Example 1 500 20 6.6 0.15 19 1103
Current Example 1 S 500 20 6.6 0.16 15 0
Current Example 2 500 30 8.6 0.15 23 3853
Current Example 2 S 500 30 8.6 0.17 15 0
M= million L=litre = IRR=internal rate of return NPV= net positive value
Used oil cost $23.85/b including transportation.
Source: Author Development

Distillation/Hydrogenation Plant Economics:

The parameters in this case are more numerous as can be seen in Table (20). In a
similar manner as said above, the economics are sensitive to base oil price,
capacity, used oil cost and capital investment in that order. The plant is not
sensitive to hydrogen cost due to the relatively small quantity required.

Applying the model for a 50 thousand cubic meters a year plant and to current
values, the IRR is found to be 12% but the NPV is negative at minus $4.922
million. For the plant to break even the cost of used oil has to fall to close to $20.7
a barrel and to make reasonable profit used oil cost has to fall further or subsidies
by government would be necessary to encourage investment.
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For a smaller plant of 30 thousand cubic meters a year, the situation is much
worse as the IRR is 2% and NPV is negative at $16.037 million. To break even,
used oil cost has to fall to $7.95 a barrel which makes the case for subsidy even
more apparent.

Table (20)

Large Plant (Hydro-treating) Sensitivity Analysis - 10 years

gt?)j Capacity C—éﬁtal % & Hydrogen | IRR | NPV Yo
$/ton ML/Y M$ $/L $/b $/cMm % K$ | Change
Base Case 700 50 45 0.27 98 0.5 20 8602
Base Stock Change 648 15 0 -7
Capacity Change 44.7 15 0 -11
Capital Cost Change 515 15 0 14
Used Oil Change 0.3 15 0 11
Oil Price Change 76 15 0 -22
Hydrogen Change 634 15 0 12584
Current Example 1 600 50 50 0.15 40 0.5 12 | -4922
Current Example 1 S 600 50 50 0.13 40 0.5 15 0
Current Example 2 600 30 36 0.15 40 0.5 2 | -16037
Current Example 2 S 600 30 36 0.05 40 0.5 15 0

M= million L= litre b=barrel CM-= cubic metre IRR= internal rate of returns
NPV= net positive value k= 1000 Used oil cost = $23.85/b including transportation.

Source: Author Development

In this report, the model in its original format, with the exception of the small
modifications mentioned earlier, has been used in this analysis. However future
users may improve the model by segregating and reporting expenditures prior to
the start of production instead of including all these as “capital” in year 1. This is
likely to give better and more encouraging economic results. At the same time
the analysis may be extended to 15 or 20 years and this also will give better
economic returns.
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Notes for Economic Consideration:

1- The problem of stigma and hesitation of consumers will not go away
easily. A recycled product is in their mind inferior and thus it suffers a price
reduction in the market. In well-developed markets, this can be avoided by
obtaining relevant certification from authorised bodies such as API. But
this is a high cost for the re-refiner. While such a certificate may cost half
a million dollar', the six months test period makes the re-refiner discount
the price of his product or stockpile it at additional cost that may reach $2
million!.

2- In any country or region, economics stress the need to size the re-refining
plant to be flexibly compatible with the size of the collection system to
avoid over or under capacity. Over capacity reduces the efficiency of
investment while under capacity may leave feedstock to competitors in the
industrial fuel sector. The strong buying power of heavy industries gives
them advantage against re-refiners.

3- In the majority of cases, a re-refining project needs the support of
governments through regulations and subsidy. The subsidy can either be
direct or through taxation on the consumed lubricants and the tax returns
goes to collectors and re-refiners. Governments should also give priority to
re-refined lubricants whenever their grade is approved.

4- The re-refining industry must contend itself with the availability of
surplus base stock capacity’® in the world and therefore, its expansion
should be directed to solve environmental problems and the needs of
individual countries or regional groups if cross border trade in used oil is
allowed.
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Chapter 6 - The Lubricating Oil Industry in the Arab
Countries

Information about the lubricating oil industry in the Arab World is hard to come
by. It is often fragmented and not from direct and reliable sources. There are many
reasons for this but the most important is that there is no professional body or
association that can collect and report development on a timely basis as is the
case in Europe for instance. Even regional organizations such as the Organization
of the Arab Petroleum Exporting Countries (OAPEC) do not have information
regarding lubricants like they have for other petroleum sectors.

The following survey is the result of Internet research augmented by some
information obtained privately by contacting people in the industry.

The Virgin Base Qils Facilities:

Table (21) gives a brief summary of the base oil production facilities in the Arab
countries. Facilities under commissioning or very close to completion have been
included.

The base oil refining industry may have started in Egypt in the late 1930s or early
1940s followed by Iraq in 1957. But the expansion of the last few years is very
significant not only because it added or will add capacity but because of the
quality shift from Group I base oils to Groups II and III. This, by the passage of
time, will improve the quality of the finished lubricants and it is necessary to
make consumers aware of the new upgraded quality by education and by pricing
policy aimed at avoiding early oil change and thereby reducing the used oil
quantity and hazard at source. This is especially important because the region is
a low oil drain interval which is around 2000 to 3000 kilometers only* though
this behavior is slowly changing as a result of following car manufacturer’s
instructions.

The virgin base oil producing Arab countries are destined to have a production
capacity of 3.128 million tons a year by the end of 2016. If Baiji plants in Iraq are
still not operative, capacity will be 2.878 million tons a year. But the more
important aspect is that the greater portion of this capacity is for the higher
performance groups II and III. This should reflect on the behavior of consumers
with respect to extending the drain period.
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Table (21)
Base Oils Production Capacities in the Arab Countries — 1000 ton/year
Country/ Plants Capacity Notes
ALGERIA 183
Two production lines. Consumption grew from 148 to 156
Arzew? 183 thousand tons a year between 2007 and 2014%. Private
sector active in formulation and blending.
BAHRAIN 400
Joint Venture between Noga, Bapco and Neste oil. Very
Sitra® 400 High Viscosity Index (VHVI) Group III base oils from
hydro-cracking and ISO dewaxing Technology.
Consumption in 2015 was 18 thousand tons a year>.
EGYPT* 291
Alexandria 15 Consumption grew from 370 to 390 thousand tons a year
El Mex 72 89
- between 2007 and 2014%°.
Ameriya 104
IRAQ® 471
Daura 25+36+60 | Lube Producer since 1957. First line in Baiji damaged
extensively in 1991 war. Second line unknown condition
Baiji 125+125 | since June 2014. Consumption grew from 185 to 195
Basrah 100 thousand tons a year between 2007 and 2014%.
Consumption 2015 is 216 thousand tons™.
MOROCCO* 125
. Consumption grew from 74 to 117 thousand tons a year
Mohammadiya 125 | between 2007 and 2014%,
SAUDI ARABIAY8 1058
Jeddah 276 Jeddah 1978 and Yanbu 1997. Yanbu 2 is about to start
Yanbu 282 operations producing Group II and III base oils”.
Consumption grew from 296 to 390 thousand tons a year
Yanbu 2 500 between 2007 and 2014%. Consumption in 2015 is said to
be 342 thousand ton a year™.
UNITED ARAB 600
EMIRATES”
Expected to start operations by end of 2016. Group III will
be 500 thousand tons a year and Group II will be 100
Ruwais 600 thousand tons a year. Consumption grew from 99 to 104
thousand tons a year between 2007 and 2014%°. 2015
consumption 108 thousand tons a year>.
TOTAL 3128 About two thirds Groups II and III.
Sources: As indicated. Group I quality unless otherwise stated.

Consumption of lubricants:

The countries with the production of lubricating oils as shown above are at the
same time the major consumers of lubricants in the Arab world. Data is difficult
to obtain for some other countries. However, in Table (22) the UN statistics is
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used to fill some of the gaps in consumption numbers. The available numbers are
for 2011 and they have been adjusted to 2014 by a growth rate of 2% a year to be
compatible with the consumption numbers that we have for the producers’
consumption cited above. This is an approximation which should be used with
care.

Table (22)
Lubricants Consumption in the Arab Countries
Ktons/Y
2011* 2014**
Algeria 87
Bahrain 17
Egypt 390
Iraq 195
Jordan 16 17
Jibouti 7 8
Kuwait
Libya 31 33
Lebanon
Mauritania 7 7
Morocco 117
Oman 69 73
Palestine 5 5
Qatar
Saudi Arabia 390
Somalia
Sudan 18 19
Syria 54 57
Tunisia 35 37
UAE 104
Yemen
TOTAL 242 1557
Source: * From UN Statistics ** From previous table
and from adjustment of UN Statistics numbers. Blanks
are for countries with no available data.

The probable consumption in the Arab countries could be about 1.7 million tons
a year, which by the end of 2016 is almost half of the production capacity. This
will open opportunities of trade among Arab countries in addition to exporting to
international markets*> especially for the high quality products such as Group
I11*%. The higher quality of the new plants in Bahrain, Saudi Arabia and the UAE
is also likely to improve consumer’s behavior towards extending drain periods if
a pricing policy and public awareness campaign is on the cards.
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Re-refined Qil Facilities:

This section is much more difficult to fill in comparison to the production
capacity section. The information is so fragmented and statements by the re-
refiners, if any, are often half-truths and lacking details. Contacts with some re-
refiners yielded no answers by telephone or e mail. Papers presented in some
conferences were not made available publicly.

However, there are reports suggesting that re-refined used oil is gaining ground
in the Middle East though it still suffers from image and quality issues®. There
are operators who strictly do filtration to remove insolubles and export the
products to less demanding markets. Uncontrolled burning is also reported which
may produce hazardous emissions in the hot Middle East climate. The author
was privately told that in an Arab country, used oil is the preferred fuel for
bakeries and is a cause for the higher rate of cancer in that country. In such
uncontrolled burning the contaminant metals simply settle on the bread.

As said earlier there is a lack of accurate information. Some sources®® report the
existence of five plants in Saudi Arabia having a total capacity of 100 thousand
tons a year. This is much lower than other reported capacities. The same source
reported UAE re-refining capacity at 200 to 250 thousand tons a year®®, which is
much higher than the domestically generated used oil.

Table (23) is a construct of what the industry is to the best available information.
The total re-refining capacity is probably over 400 thousand tons a year. Again
this number should be used carefully because it is not really well documented and
some old capacities may not be operative. But In any case there is a potential for
new re-refining capacity as the collectable used oil could be close to 900 thousand
tons a year (just over half of the estimated consumption).

As the quality of virgin base oils in the Arab producing countries move forward
to higher groups of II and III, the new re-refining projects must be top quality as
well. It is not advisable to produce low grade base oil when the market is moving
away from it. Producing lower grade base oils may still have export opportunities
but for how long? Even some importers in Africa and Asia are moving in the
direction of using better lubricants as they change their transportation stocks and
industrial plants. The gap in the price of Groups I and
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Table (23)

Base Oil Re-refining Capacity in the Arab Countries — Thousand tons a year

Country Capacity Notes
Plans to build 30 thousand tons a year plant in El Kantara were reported by
an engineering company. However, no implementation and the used oil is
ALGERIA® collected and exported to Tunisia for re-refining”. Recently the petroleum
products distribution company NAFTAL issued a tender to specialized
companies to form partnership in used oil collection and re-refining*.
BAHRAIN*S3 36
Sitra 36 Started operations in 2011. Based on distillation and thin film evaporation
it produces Group I base oils. Privately owned and costed $9 million®* .
EGYPT!?® 30
Alexandria 30 A 1996 plant said to be based on KTI process'®.
A pilot attempt in the early 1970s to treat used oils by redundant preflash
IRAQ" and clay percolation equipment was a success in quality but later
abandoned due to difficulties in collection”.
KUWAIT 47
KNLOC 20 Old plant by Burgan Oil based on Sotulub process.
KLOC 27 Completed in 1998. Based on clay treatment™.
SAUDI
ARABIA 190
10 The oldest re-refining plants in Jeddah. There is a joint venture agreement
Lubrec with Hyflux of Singapore to convert the plant to membrane technology'%%.
80 The agreement since 2008 is to produce 48 thousand tons a year in two
phases.
Commissioned in 2002 is said to use Vaxon solvent extraction technology
. 156 to meet specification internationally recognized but does say which.
Unilube Jubail 100 Collection centers in Dammam, Riyadh and Jeddah. Said to have a new
plant in Riyadh but no details.
Zahara?” NA Is said to l}ave a plant in Riyadh to treat used oil into marine fuel, solvents
and fuel oil.
Note Ocean International planned a 20 thousand tons a year plant in Rabigh.
TUNISIA 16
16 Based on Sotulub process with hydro-treating later added'~.
UNITED ARAB 120
EMIRATES
Founded in 2007 and commissioned in 2014. Uses thin wiped film
Cyclo Oil% 22 evaporators. Yields are 75% base oil and 15% asphalt flux. The rest light
oils used as fuel and gasoil.
Pan United?’ 7 Founded in 2013 and claims to use distillation and solvent extraction
process.
Zahara? NA Is said to have a plant in Sharjah to treat used oil into marine fuel, solvents
and fuel oil.
Vision Recycling NA {SbFeuEl)?]l*rah' Believed to be a waste oil treatment plant and not just used
Dure Oil 107 Oper.ate espec.1a11y in Abu Dhabl.C}ty. Collection made by Tadweer, the
official body in charge of the activity.
Gulf Petrochem 2000 I/h Sahrjah plant using thin wiped film evaporator.

Source: As indicated * private information.
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II base oils is also getting smaller which will encourage the use of the latter at the
expense of the first.

Saudi Arabia & the UAE:

In terms of capacity the largest re-refining plants are in Saudi Arabia and the
United Arab Emirates. The two countries were driven by tighter environmental
regulation, improved quality of virgin oils and hence used oils, rising crude oil
prices before June 2014 which made re-refining attractive.

In the UAE, the collectors are in 20 companies and more numerous than
processors, which are in 8 companies®®. Most collected used oil was burned for
energy, producing lower grade base oils or blending with other fuels**.

The domestic demand for lubricants in the UAE is estimated at 108 thousand tons
a year in 2015 and therefore the collectable used oil is probably not more than 55
thousand tons a year. Yet the “collected” used oil is estimated® to be between
200 to 250 thousand tons a year. The majority is believed to come from importing
used oils from other Arabian Gulf countries or even further afield. Perhaps even
some marine oils from the ports are also included here.

But there is now a law prohibiting the import of used oils into the UAE which
will put a strain on capacity utilization. This will impede further investment to
improve processing to produce better grades of base oils from used oil feed. It is
the opinion of this writer that the ban should be lifted and substituted by additional
testing and controls on the imported used oil and its utilization.

In the UAE collectors pay the generators a price for their used oil in Dirham/ 200
liter drums. The price is said to be somehow related to the crude oil price.

Data privately obtained from a large used oil generator is compared to Brent crude
oil rice in Fig (23) for the period shown from January 2015 to January 2016.
While in direction the relationship of between used oil and crude oil prices is clear
but a direct relationship with crude prices with reasonably stable differential is
not there. The average of the data is $50 and $22 for Brent price and used oil
collected price respectively. The fuel oil price in the same period was probably
around $40 a barrel and therefore it seems that used oil is priced below fuel oil
prices. This is a good policy because it prevents generators from adding fuel oil
to their generated oil. Cost of transportation has to be added for delivery to a re-
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refiner or a fuel user, which on average will probably make the landed cost of
used oil at a plant no more than $23 a barrel.

UAE re-refiners are reported to export their products to Africa, China and
Vietnam?®?, which most probably goes to burner fuel.
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Fig (23) Brent & Used Oil Prices in UAE

In both Saudi Arabia and the UAE, major lubricants manufacturers complain
about the state of the re-refining industry with the growing issue of
counterfeiting®. The writer met with some major manufacturers who refuse to
have anything to do with re-refining because of the risk that its image may affect
their own products. This is in contrast to what is happening in some well
developed countries where governments give priority to re-refined oil in its
facilities and where all lubricants manufacturers share in supporting the collection
and proper utilization of used oil as we saw in the case of Italy and others.

“There are estimates by the Ministry of Commerce in Saudi Arabia that the
country may have a significant percentage of counterfeit products in its lubricants
market™’. Some blenders in the UAE are not far from that too.

Financial Impact and Final notes:

There is a long way for the re-refining industry in the Arab countries to grow
horizontally and vertically. Horizontally, because many countries do not have
plans to regenerate used oils yet and no information on its use or abuse is
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available. The consumption in the Arab countries of about 1.7 million tons a year
may give a collectable used oil of 0.9 million tons a year, which may be
considered as the ultimate potential for the feed of a growing re-refining industry.

The average OPEC crude oil price in 2016 so far is around $31 a barrel which
makes fuel oil prices close to $25 a barrel or about $150 a ton. This price is the
theoretical maximum that used oil can be priced at and therefore the estimated
maximum value of the generated waste oil in the Arab countries would be around
$134 million. This is a saving even if all this money goes to local generators,
collectors, transporters and processors. Crude oil prices may not stay at this low
level and therefore the potential for revenue from used oil is likely to increase
substantially.

Probably the environmental benefits far exceed this revenue and therefore
collection is profitable whatever the final use is. Naturally if the used oil is totally
converted to base oil the added value will play its part in insuring higher revenues.

However, the real financial saving is in promoting longer drain periods as the
region is known to be very conservative where users generally change oil at 2000
to 3000 kilometres for gasoline engine cars and 5000 to 10000 kilometres for
diesel driven trucks. With the advent of public awareness and better grade oils
available it is not an exaggeration to suggest that these drain periods can be
doubled as is evident in other regions of the world. If this can be achieved, a
saving of some half a million tons a year can be realized where at today’s average
base oil prices can be worth $300 to $500 million a year and much more at
finished lubricants prices. In addition to this financial saving, used oil quantity
will decline and the risk to human health and the environment would decrease
too.

As for re-refining, some countries consumption is small and does not support
viable modern re-refining plant, collected oil should be exported to a plant nearby
in a country where re-refining capacity is established or the used oil is delivered
to a legitimate fuel user. In this way, investment is optimized, resource
conservation is maintained and above all the environment is protected. In all cases
the storage and collection system should be designed for re-refining to keep in
mind future possibilities and to avoid mixing with other kinds of waste oils.

This can only be done by having a trade association of lubricants manufacturers,
collectors and re-refiners to coordinate with the health, environment and trade
ministries to issue and inforce the needed legislation and put the industry on the
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right path. Especially in the major base oil producing countries such as Saudi
Arabia, Bahrain and UAE the re-refining industry and its products should be
closely watched and regulated to avoid negative impact on the virgin base oil
production.
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Chapter 7 - Conclusions and Recommendations

In this report, the question of used lubricating oils has been discussed from all
angles relating to its impact on the environment and the risk to human health.

The problems of used oils are now almost an international issue where
governments must do their best to contend with. Even the United Nations
Environmental Program (UNEP) and the Basel Convention on waste disposal are
active on the program of utilizing used oil and the disposal of it.

As the world moves forward in its economic development, population increase
and urbanization it is more likely that environmental laws and regulations will be
tightened further especially in countries where these are still lax. The questions
of waste in general and used oil in particular will get more and more attention
with the attendant objective of preventing the dumping of used oil on the
environment.

The conclusions and recommendations emanating from this report can be
summarized as follow:

I-  There is no doubt now about the environmental impact of disposing
used oil into the environment even in well-designed landfills. Small
quantities of used oils in water supplies, rivers, lakes and the sea can
make tremendous damage. Carcinogenic pollutants in used oil are a risk
to human health beyond doubt. Therefore it is incumbent on
government to promulgate the necessary laws and regulations to ensure
keeping out used oil from the environment.

2-  The argument for re-refining used oil or burning it in specialized
industries is not going to be settled soon. Countries have their special
circumstances that must be taken into consideration. The most
important thing is to ensure high collection rates of used oils and burn
them for energy recovery until there is sufficient volume to support a
re-refining plant.

3-  Transportation of used oil across international borders must be
controlled to make sure that it is intended for legitimate use. Having this
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in hand helps countries with small used oil collection to find a useful
way of getting rid of it and saving resources.

With the advances made in engines design to improve efficiency and
prolong service life, it is equally important to compliment this with the
use of higher grade of lubricants. Therefore any used oil re-refining
plant must take this point into consideration in selecting re-refining
processes. Solvent extraction and hydro-treating process are becoming
the alternatives of choice as other processes add hydro-treatment step
to stay in the reckoning.

While economics of re-refining and even burning for energy recovery
is very important, it should not be the only deciding factor as to the
solution of used oil disposal. Government should seek to support the
industry through surcharges on lubricants use (pollution pays principle)
or by straight subsidy to the operations of collectors, re-refiners or fuel
processors. As said in the report, this is a charge to dispose of used oil
and protect human health and the environment on the way.

Every effort must be made to make the public aware of the dangers of
disposing used oils into the environment. Heavy fines must be
introduced and at the same time reasonably easy to access collection
centres must be provided for those who change oil by themselves. The
small maintenance shops must be prevented from changing oil unless
they can deliver the used oil to a collection centre properly.

The system of making used oils generators charge the collectors
encourages the generators to collect the oil and manage it properly.
However, it is also seen as a way for the generators to cheat by mixing
other waste oils or even water with the used oil. This can be avoided by
having collectors test the used oil and have the right to refuse collection
of tampered with used oils and report the generator for further action by
the authorities.

The system of imposing surcharges on lubricants manufacturers

according to their sales is much more widely used and seems to be the
better way to use the revenue generated as such to support collectors or
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processors of used oil and also make consumers aware of the cost they
incur for changing oil prematurely.

Even in some advanced countries (the US for example) there is a large
waste in lubricants consumption especially in the transportation sector
of the economy by accepting low drain intervals. Consumers must be
educated as to the negative impact of this behaviour and at the same
time pricing policy should be used to curtail such waste. If only
equipment manufacturers recommendations are followed great savings
can be made in lubricants consumption and reduction of used oil
generation.

In the Arab countries, all the above points are equally applicable and
important. There is a need for more government intervention and
regulations to ensure the proper collection and disposal of used oil and
to hold the licenced companies to a well-established practises that takes
into consideration the rights and interests of all stakeholders.

The environment and health ministries in every Arab country must
initiate a study of the used lubricants question and update regularly to
keep abreast of all changes. They should make use of the experience of
other countries and organizations and the UN programs.

Particularly with the question of low drain intervals in the Arab
countries, every effort must not be spared to make consumers avoid this
by following the manufacturer’s recommendation and by using the
pricing policy to its effect.

It is important to form a trade body of lubricants producers, blenders,
marketers, collectors, re-refiners and used oil fuel consumers to be a
reference of the needed organization and discussions aimed at
governments and their respective ministries. Such associations in well
developed countries have been instrumental in improving the overall
management of used oi

1. Perhaps the next step for OAPEC is to lead the effort of creating such
trade organization.
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Abstract

This paper discusses the commonly used re-refining technologies that are used to
regenerate used lubricating oils into a marketable product. The current technologies
and regulations relating to used lubricating oil have been reviewed. The study provides
insights into the economic viability of re-refining. Among the economic advantages it
provides, re-refining represents an economic opportunity to convert a dangerous waste
(low value) stream into high value petroleum product. The environmental benefits
deriving from the application of recycling used lubricating oils thru re-refining are
reviewed. This recovery method is recognized to mitigate the environmental impacts. It
is a well established fact that reprocessing to base oil lubricants emits less atmospheric
pollutants and consumes less energy than the refining of virgin oil into lubricants or
burning it for energy recovery.

Also, the regulations and legal frameworks applicable for the management of used oil
have been reviewed. It also identifies obsta

cles and misconceptions facing the re-refining industry. These primarily include access
to used oil and consumer acceptance of re-refined lubricants.

Overall, findings suggest that re-refining represents an economic opportunity for
recycling a low value stream into a high value petroleum product and for reducing the

environmental impacts.

Re-refining is the best option for recycling used lubricating oil.
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1 Background

Lubricating oils have been primarily used for reducing friction between moving metal
parts of engines and machinery. As a result of the lubricating action, lube oil get
contaminated and degraded. Like most products, lubricating oils possess a life cycle
which is characterized by the end-of-life at which point the product reaches the end of
its useful life, and must be changed and safely disposed of. During normal use,
impurities such as dust, dirt, metal scrapings, water or chemicals, etc., can get mixed in
with the lubricating oil or be generated in it due to thermal degradation or oxidation.
Used lubrication oils contain water, salt, broken down additive components, varnish,
gum and other materials (Durrani et al, 2011). During operation, the lubricant loses its
initial properties; it becomes a “used lubricating oil” and must be replaced. The US
Environmental Protection Agency defines used oil as “any oil that has been refined
from crude oil or any synthetic oil that has been used and as a result of such use is
contaminated by physical or chemical impurities”. Basel convention states that “ used
oil, as referred to in these technical guidelines, is an oil from industrial and non
industrial sources which has been used for lubricating or other purposes and has
become unsuitable for its original purpose due to the presence of contaminants or

impurities or the loss of original properties”.

While many petroleum products such as gasoline, jet and diesel fuels are lost after
being used (i.e. combustion), lubricating oils can be recovered and regenerated to the
quality equal to or better than its original virgin form by using re-refining technologies
(Park, 2012).

The process by which the used lubricating oil is returned to a usable condition is called
re-refining. It is a process of repeating some of the basic refinery processes adapted to
upgrading the base oil to a usable condition. In reprocessing used oils, contaminants are
removed and the initial properties of the base oil restored. When re-refining is
conducted properly, the base oil properties are comparable with those of the virgin base
oil, as will be demonstrated later.

2 Historical overview of used lubricating oils re-refining processes.

The recycling of used lubricants has been practiced since the 1930s and particularly
during the Second World War when the scarcity of adequate supplies of crude oil
during the conflict encouraged recycling of all types of materials including used
lubricants (Tiwari et al, 2012). In the 1960s, the re-refining industry experienced a

slowdown due to the combined effect of the availability of large quantities of virgin

2016 plat Acolall Ellgi 3330m 53300 Acolall & gomd (ol sube



Al (glailtly daaidl Alxe
161 saedf - 2017 (ya20,%1 9 SIS Alomalt

lube oils and the failure of the re-refining industry to provide consumers with high
quality products (Cukor et al, 1973). In those days, acid/clay based technologies- which
were based on the use of large amounts of acid and clay to reprocess the used oil- were
for many years the standard method for regenerating used lubricating oil. These acid-
based technologies not only produced base oils with lower properties than virgin base
oils, but also were the source of environmental pollution. During the re-refining
processes (e.g. acidification, clay treatment), hazardous by-products were produced,
including acid tar and oil saturated clay, thereby creating waste disposal problems and
environmental drawbacks. Consequently, the technology failed to find widespread
acceptance for various reasons including high processing costs, and therefore high

selling prices, and inadequate removal of impurities (Avaduth, 2011).

The energy crisis of the seventies has generated renewed interest in re-refining. A series
of technical innovations based on technologies borrowed from crude oil refining were
introduced in the re-refining industry. Vacuum distillation, for example, was adapted to
re-refining through the use of specialized equipment (Rudnick L, 2011). Also,
developments in catalysts and hydrofinishing technology have enabled the industry to
partially overcome the environmental challenge so that re-refiners were able to produce

good quality base oils.

In the 1980s, the level of awareness on environmental issues increased significantly as
more stringent environmental regulations were introduced in developed countries. As a
result, many re-refiners, not being able to abide by those costly-to-implement-
regulations, were pushed out of business (Wolfe, 1992). In particular, acid/clay re-
refining plants, mainly in the USA, were the main casualty of these new tough

environmental regulations as many were forced to shut down (EC, 2006).

The re-refining industry has come a long way since the early days of acid-based
technologies. Today, re-refining processes are considerably different, and much more
advanced, than when re-refining first began back in the 1930s. Over the years the re-
refining technology has evolved from simple distillation over clay and sulfuric acid, to
thin film evaporation with solvent extraction, through to the hydro-treatment process
technology of today. Thanks to advanced technologies such as hydrogenation-based
technologies and solvent-based technologies but also to adequate state-sponsored
legislations, re-refined used oil is starting to be accepted as equivalent in quality and

price to most virgin lubricating oils.
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3. Sources and evaluation of used lube oils.

3.1  Sources of used lubricating oils

Used lubricating oils can come from different sources. As illustrated in Figure 1, the
automotive industry generates the highest amount of used lubricating oil. It is by far the
largest segment. The used lubricants consist of crankcase oil and transmission fluids
and it can be sourced from service stations, do-it-yourself oil changers, motorists, etc.
Second only to the automotive industry is the industrial sector. Industrial waste oils
may be either lubricating or non-lubricating and include turbine oils, gas engine oils,
refrigeration oils, heat transfer oils, compressor oils, hydraulic oils and metal cutting
oils, among others. The other sources of used lubricating oils are the marine and power
sectors which represent a non-negligible portion of the used oil generated.

Other Marine
Industrial Oils; 5%
Qils; 11%

Process
QOils; 10%

Industrial

Gear Oil; L
2%
Hydraulic
0il; 13%

Greases;
3%

Automotive
Lubricants;
56%

>

Figure 1 Breakdown of the sources of used lubricating oils
Source: Bharat Petroleum Corporation as cited in UNEP (2012).

As mentioned in the Basel convention, used lubricating oils represent a significant
portion of the volume of organic waste liquids generated worldwide. While used oils of
industrial origin are slightly deteriorated and can be easily regenerated through a
simple purification process, those originating from the automotive segment are darker
and require more sophisticated processes in order to be regenerated into useful base

oils.
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3.2 Composition of used lubricating oil

Figure 2 shows the percentages of the components of used lubricating oil. It contains at
least 70% of base oil, while the remaining 30% is comprised of various components such
as water, asphalt and gas oil. Re-refining is all about recovering this base oil cut and
upgrading it to a usable product.

h T

W Asphalt
Light gasoil

50% -

M Water and light ends

M Base oil

0% -

Figure 2 Used lubricating oil composition
Source: Own elaboration with data from Krishnan (2013)

3.3  Estimation of used lubricating oils generated in Arab countries and

worldwide

3.3.1 Used lubricating oil generated in Arab countries

While the environmental impact of used oils was recognized in many Arab countries,
re-refining was perceived- at least in some oil-producing countries- as a competition to
the existing lube oil producers (AOG, 2014). Most of these countries, if not all, are faced
with several challenges, including the absence of surveys and statistics about used
lubricating oils, the lack of enforcement of environmental regulations and the lack of
awareness, which is perhaps the most challenging barrier. Although adequate
legislations for waste oil management do exist in those countries, -effective
implementation and control are non-existent due to reasons outlined above. As a result,
haphazard handling of waste oils is still a day-to-day practice. Despite the existing
challenges, a few countries have managed to tackle the problem through the
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establishment and effective implementation of laws and regulations, largely inspired by
the European directives and/or the US EPA directives.

In this section an attempt will be made to appraise the present situation of the re-
refining potential in Arab countries and also to provide some insights into used oil

management practices in these countries.
Algeria

In Algeria, around 180000 metric tons of lubricants are sold annually. Currently about
90000 metric tons of used oil are generated and only 18000 metric tons are collected and
about 900 tons are exported (Leconews, 2015). The state company NAFTAL is
responsible for collecting used oil. Legislation was issued in 2004 on the waste oil
management. The waste oil directive is adopted as Decree N° 04-88 dated 22/03/2004. As
of now, there is no re-refining facility for the treatment of waste oil. While the state-
owned company NAFTAL acts as a used oil collection center, collection is carried out

by a dozen waste oil collectors agreed by the ministry of environment.

Egypt

In Egypt, lubricating oil consumption amounted to about 450000 metric tons of base oils
in 2015 and generated about 240000 metric tons of oil waste, of which 80,000 metric tons
were recycled, and the rest was exported. The Egyptian General Petroleum Corporation
(EGPC) has made it mandatory for filling stations to have a collection tank for waste oil.
Alexandria Petroleum Company which is one of the EGPC affiliates handles re-refining
of used oil in Egypt. Under the environment law 4/1994, waste oil is classified as a
hazardous waste. Law 9/2009 (amended Law 4/1994) regulates collection, treatment and
disposal of hazardous waste (Articles 29-33). Oil marketing companies are not granted a
license to operate unless they present a sound strategy for the safe disposal of waste oil
(Egypt, 2010).

Jordan

According to the country report an estimated 15000 metric tons of waste oil is generated
each year (Jordan, 2014). This amount is either dumped in the sewer system or directly
on open land, burned directly as a fuel or collected for further treatment and processing
such as re-refining. Waste oil generators handover their waste oil to licensed collectors.

Collected used oil is then transported and sold to treatment plants for further
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processing. The ministry of environment is in charge of regulating, monitoring and
enforcing hazardous industrial waste management requirements through the waste oil

handling and management instructions of year 2003.
Kuwait

In Kuwait, the lubricants market amounted to 50000 metric tons in 2011 (Kamshev,
2012). Assuming an average growing rate of 2.5%, the market is expected to reach 55000
metric tons in 2015. Assuming that only 50% are available for collection, then the
collectable amount would be about 28000 metric tons and the amount of used oil
collected is expected to be around 19300 metric tons per year ( assuming 70% collection
rate). The re-refining installed capacity stands at 27000 MTPY. The management of
hazardous wastes is regulated by Law No. 21/1995 as amended by Law No. 16/1996 and
Decision 210/2001. This categorizes wastes including used lubricating oil as hazardous
or non-hazardous according to the Basel Protocol and the Kuwait EPA regulations
(KOG, 2003).

Morocco

In Morocco, the lubricating oil market size stands at 100000 MTPY. The estimated
quantity of used oil that is collected and recycled to cement plants for burning is only
10000 metric tons per annum. The difference, 90000 metric tons, is unaccounted for.
Most of the waste oil collection and disposal is handled by the informal sector
(Morocco, 2014)). Used oil legislation on the collection, transportation and treatment of
certain waste oils was adopted in 2011 as Decree N° 2-09-85 dated 06/09/2011. As part of
an agreement signed between the Department of the Environment, cement producers
and oil companies, PolluClean, a private company, is responsible for collecting waste
oils to be used in cement factories (ActuMaroc, 2012). The collection rate is very low and
stands at about 10% of the collectable quantity. Used lubricating oils are handled in
accordance with Law 28-00 on Waste (2006) which covers waste oils and lubricants,
which are itemized as either hazardous or non-hazardous waste per Annex I, under
Code 13.08 of Decree No. 2-07-253 dated 18 July 2008 on the Moroccan Waste
Catalogue.

Oman

The principal legislation is Sultani Decree N® 114/2011, the law on conservation of the
environment and prevention of pollution, which replaces the previous environmental

law, Sultani Decree 10/1982. Hazardous and non hazardous wastes legislation is
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governed by Ministerial Decisions MD 17/93 (Eldridge et al, 2009) and MD 18/1993
(Management of hazardous waste). According to local regulations used oil shall be
collected in special containers and placed on cement-lined floor. Disposal of such waste
shall be in accordance with the regulations promulgated by the Ministry of Regional
Municipalities & Environment. According to Fincorp (2009), approximately 37000
metric tons of lubricating oils were sold in 2009. Taking into account a moderate growth
rate of 3%, the market is expected to grow to 42000 metric tons in 2015. If we assume a
50% collection rate, the amount of used oil collected is expected to reach 21000 metric

tons annually.

Palestine

According to the country report, used lubricating oils are part of the hazardous wastes
and all what applies to hazardous wastes applies to oils and lubricants (Palestine, 2014).
Hazardous waste legislation is drafted by the Environmental Quality Authority (EQA)
and is based on the Palestinian Environmental Law 7, 1999. According to the draft
master plan on hazardous waste, total generation of used mineral oil from vehicles is
20,000 ton annually. The country report indicates that 20% of used oil is illegally
dumped or disposed in sewerage; 10% is burned in traditional bakeries, stone factories,

and metal processing factories and 70% is to be used as source fuel.
Qatar

Waste management in Qatar is being regulated by Decree Law N° 30 of 2002 for the
environment protection and the Executive By-Law for the environment protection
(2005). Qatar Petroleum supervises all waste management activities for hazardous
wastes (Qatar, 2014). There are about 4 waste oil collectors. Waste oils are collected and
taken offsite by contractor for recycling. The lubricants market is expected to reach
27000 metric tons in 2016 (Kamshev, 2012). Assuming a 50% collection rate, the
expected quantity of used oil to be collected amounts to 13000 metric tons. According to
Al-Haya (2013), there exists one plant with re-refining capacity of 8000 metric tons per

year.

Saudi Arabia

Saudi Arabia is the largest lubricant market in terms of consumption. The market adds
up to 420000 MTPY (Marcopolis, 2015). According to the same source, the available
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used oil generated annually exceeds 200000 metric tons. According to our estimation
the re-refining capacity now stands at 95000 metric tons per year. The waste
management policy is set by the Meteorology and Environmental Protection
Administration (MEPA) through the environment protection standards including the
National Material Recovery and Recycling of Waste Guidance Document. Waste oil
disposal is handled in accordance with the requirements set forth in Hazardous Waste
Disposal Standards 1413-03/1992, Regulations and Procedures for Hazardous Waste
Control (Document No. 01-2002) and Environmental Standards on Material Recovery
and Recycling of Waste 2012.

Tunisia

In Tunisia, about 50000 metric tons of lubricating oils are consumed annually. Using 11
collection centers located across Tunisia, collection has reached 15000 metric tons which
represent 60% of collectable quantity. Only 10000 metric tons are re-refined by
SOTULUB (Société Tunisienne des Lubrifiants) which is also responsible for collecting
and transporting used oil. There exists a re-refining plant with a new revamped
capacity of 20000 ton per year. The Tunisian authorities have set up a public system,
called Eco-Zit, for the collection and the regeneration of the lubricating used oils. It is
financed by contributions from oil companies. Used lubricating oils are governed by
Law 1996-41 of 10/06/1996 on waste control, use and disposal and the waste directive
N°2002-693 dated 01/04/2002. ANGED (Agence Nationale de Gestion des Dechets)

monitors, controls and implements the national strategy ( Anged, n.d)
United Arab Emirates

The UAE is the main lubricants producer in the MENA region with an estimated annual
capacity of 1500000 metric tons, part of which is destined for export (Bambridge, 2015).
Local lubricants consumption is estimated to be around 200000 MTPY (Isaac, 2015).
According to AOG (2014), of the total used oil generated about 75% is collected, 25% are
combusted or discarded inappropriately and the rest is supposedly destined for re-
refining. Furthermore, market estimates reveal that between 100,000 and 150000 metric
tons of waste oils are collected annually (AOG, 2014). By correlating the data, the
amount of collected used o0il can be estimated to be around 150000 MTPY, while the
burned quantity would stand at 50000 MTPY. The re-refined quantity would stand at

100000 metric tons per year. Presently, there are about 20 collectors and 8 active re-
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refiners converting waste oil into base oils and furnace fuels. Hazardous waste
management practices are governed by the Executive Order of Federal Law No. 24 for
Regulation of Handling Hazardous Materials, Hazardous Waste and Medical Waste
(2001). It dictates that waste is to be processed in the most environmentally friendly

way.

It can be noted that used oil handling practices vary from country to country with
Tunisia, Saudi Arabia and the UAE, having probably the most integrated used oil

management system.

According to data gathered from a variety of sources, total market demand for
lubricants in Arab countries stands at about 1.6 million metric tons per year, with
Egypt, Saudi Arabia, the UAE and Algeria amongst the highest consumers. This figure
is expected to grow as a result of the demand from the industrial and transportation
sectors which represent key growth drivers. As shown in Table 1, the used oil recycling
industry is comprised of 21 plants with a processing capacity of ca. 304000 metric tons
per year. Most of the re-refining industry is concentrated in the GCC countries where
the installed capacity reaches 120000 tons per year. A significant amount of new re-
refineries is projected to come into operation in the near future, which should increase

current capacities to 350000 metric tons per year.

Table 1 lists some of the re-refining plants in some Arab countries.

Re-refining

Country Re-refineries .
capacity(t/y)
Bahrain 1 36000
Egypt 1 25000
Jordan 1 8000
Kuwait 4 77000
Qatar 1 9000
KSA 8 95000
Tunisia 1 16000
UAE 5 38000
21 304000

*Projected
Table 1 Re-refining installed capacities in Arab countries
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While lubricating oil production and consumption can easily be estimated, the quantity
of recycled used lubricating oil is difficult to figure out. In most Arab countries, no or
very little public information is available regarding the collection, treatment and
disposal of the used lubricating oils, notwithstanding the existence of legislation and
regulations. The lack of reliable data means that the problem of used oil management is
not well controlled and/or the laws and regulations are not implemented with
determination and consistency. In our appraisal of the re-refining situation in the Arab
countries, all the figures quoted are based on documented sources, unless otherwise
indicated. Where country data are not available, the quantity of used lubricating oil was
derived or estimated from the market size of virgin lubes based on the following
assumptions: It is assumed that only 50% of virgin lube oils are collectible as used oils,
out of which only 50% are actually collected, and only 50% are re-refined into base oil
(UNEP, 2012).

The findings, displayed in Table 2, show the lube o0il consumption per country, and
collection and recycling of used oil in some Arab countries based on limited data made

available in recent years.

. Available Collection Collected Destination of used oil
. Consumption
Countries | \tons) | B/A®%) | B(tons) | C/B(%) | Ctons) |Re-refined|. 4

fuel/Unknown
Algeria 180000 50% 90000 20% 18000 0 90000
Egypt 450000 53% 240000 33% 80000 25000 215000
Jordan* 25000 60% 15000 50% 7500 3750 11250
Kuwait* 55000 50% 27700 70% 19390 9695 18005
Morocco 100000 90% 90000 11% 10000 0 90000
Oman 42000 50% 21000 70% 14700 7350 13650
Palestine 20000 100% 20000 100% 20000 0 20000
Qatar* 25000 72% 18000 70% 12600 6300 11700
Saudi Arabia 420000 52% 220000 70%| 154000 77000 143000
Tunisia 50000 50% 25000 60% 15000| 10000 15000
UAE 200000 75% 150000 75%| 112500 100000 50000
*Estimated 1567000 916700 463690| 239095 677605

Table 2 Used lubricating oil management in selected Arab countries
Source: Own elaboration
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Keeping in mind, the uncertainty of the data collected from various sources, the
situation of used lubricating oil management in the Arab countries can be summarized

as indicated below:

- It can be stated that the use of re-refining, in Arab countries, is not yet the preferred
waste oil handling alternative.

- Only a limited amount of used oil is actually re-refined as most of the collected used
oil is at best burned as fuel and at worst illegally disposed of.

- The collectable amount, on the MENA regional level, has been estimated to be
around 0.92 million metric tons, which is 58% of the total consumption.

- The quantity of used lube oil actually collected is estimated to be around 464000
metric tons; this represents 50% of the amount available for collection.

- The re-refined quantity is estimated to be around 239000 metric tons, which is 26%
of collectable quantity and 51% of the collected quantity.

- About 74% of collected used oil is used as fuel or improperly disposed of.

- On the MENA regional level, Palestine, Saudi Arabia, the UAE have the highest
collection rates, with 100%, 75% and 70% respectively; Saudi Arabia and the UAE
have the highest re-refining rates with 50% and 36% respectively.

500000

M Consumption of lubricant
400000

M Collected used oil

©
£300000 -

Figure 3 Consumption of lubricants, collection and valorization of used lubricating
oil in Arab countries
Source: own elaboration
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It can be stated that in the present situation, the re-refined base oil output in the Arab
countries is insignificant and that there is a great potential for growth in the re-refining
industry. Both the percentage of used lube oil that is collectable and the percentage that
is actually collected can be improved. Improvement can only be achieved through the
implementation and enforcement of appropriate measures including an efficient
collecting system, a state financial support through taxes and levies and regulations to

encourage investment in re-refining.

3.2.2 Used lubricating oil generated worldwide

The global lubricant consumption stood at 39.4 million metric tons in 2014 (Kline, 2015).
Assuming that 50% of the global consumption is lost due to evaporation, leakages,
spills, and other factors, a maximum of 19.7 million metric tons is available for
collection. According to Kline (2014), about 74% are collected and only 16% of collected
used oil is re-refined into base oils, 78% is burned as fuel and 6% disposed of. In other
words, of the total used oil collected, only about 2.3 million tons is sent for re-refining.
This represents only 16% of used oil collected, 11.8% of collectable used oil and 6% of
global consumption.

Figure 4 illustrates the global lubricant consumption breakdown by regions.

M Asia_Pacific

® North America
m Europe

M Latin America
M Africa

m Middle East

Figure 4 Global Lubricant consumption by region during 2014
Source: Statista (2015)

Asia-pacific is the largest lubricant consuming region accounting for 42% of global
demand. About 7.9 million metric tons are generated annually. Of which, 5.6 million
metric tons are collected. Only 8% (445000 tons) are re-refined (Kline, 2010).
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North America, the second largest market in the world, accounts for 19%. Of the
approximately 3.6 million metric tons of used oil generated annually, 3 million metric
tons are collected, of which about 1.5 million metric tons are re-refined into base oils
and intermediate products, while the rest is burned or improperly disposed of
(VERTEX,2016). Currently there are 9 re-refiners with a daily re-refining capacity of
18000 barrels per day of used oil (Infineum, 2013).

In Europe, which is considered to be the front runner of the re-refining industry, the
lubricants consumption stood at about 7.5 million metric tons; representing 19% of the
global consumption. The waste oil recycling industry is comprised of 28 plants
processing ca. 1.3 million metric tons per year (Kupareva et al, 2013). About 30 per cent
of all base oils consumed in the EU are made from regenerated waste oils. Currently
81% of used lubricating oils are recycled out of 2.2 million tons collected annually
(Kernies, 2013). About 728000 metric tons (35%) of the collected used oil are re-refined
into base oils and 1149000 metric tons (55%) are burned as fuel. The rest is of unknown

destination.

In Latin America, over 2.1 million metric tons are consumed annually. About 0.56

million metric tons are collected per year and only 0.3 million tons are re-refined.

In Asia Pacific, the largest lube oil market, about 12.5 million tons are consumed per

year and 3.6 million tons are recovered. Only 0.67 million tons are re-refined.
Africa and the Middle East region account for 11% of the global demand.

While demand for the lubricants is expected to remain unchanged in the industrialized
world, in the developing world the demand is expected to grow. The Asia-Pacific
region, and to a less extent Latin America and Africa/Mideast regions, will remain the
fastest growing regions, due mainly to increasing industrial output and expanding

motor vehicle parks.

Figure 5 shows the regional lube oil consumption, collection and recycling of used oil.
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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 Types of used lube oils re-refining processes

Present day re-refining technologies provide a wide range of possibilities for recovery
of valuable base oil in a manner that is economically viable and environmentally
acceptable. As pointed out earlier in Chapter 2, many technologies were developed in
the late seventies and early eighties, which were based on existing oil refining
technologies such as vacuum distillation, solvent extraction and hydrotreatment. When
a re-refining project is contemplated, the investor is confronted to a wide variety of
choices when it comes to technology selection. The choice is no easy task as there exist
several competitive technologies and it is not within the scope of this study to analyze
all the available technologies. In this section, we will provide a general summary and
outline the key features of the processes with commercial applications.

4.1  Safety Kleen Technology
In 1998 the Safety Kleen process was used in the largest used lubricants re-refinery in
the world. The plant is located in East Chicago, Indiana with a capacity of 250000 metric

tons per year.

4.1.1 Process description
The Safety Kleen process is based on a combination of wiped-film vacuum distillation

and fixed bed catalytic hydrotreatment. Key processing steps are as follows:

Dehydration
The used oil is first dehydrated by evaporation to remove any water present in it.

Light ends recovery
The light fuels are removed in an atmospheric flash drum and collected. The vacuum
column/fuel stripper removes most of the fuel and heavier solvents.

Vacuum distillation
Next, the dewatered oil undergoes higher vacuum distillation to remove the lube cut of
feedstock while the by-products are used to produce asphalt extender.

Hydrofinishing

Then, the lube cut undergoes hydrotreating to remove residual polymers and other
chemical compounds. In this step, sulphur, nitrogen, chlorine, heavy metals and other
impurities are removed. The color, the odor and the corrosion performance of the base
oil are also corrected.
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Finally, the re-refined base oil is separated into different oil grades: Light viscosity
lubricants suitable for general lubricant applications, low viscosity lubricants for
automotive and industrial applications and high viscosity lubricants for heavy duty

applications (Fernatt, 2013).
The process main steps are outlined in Figure 8.

4.1.2 Process features and drawbacks

It is claimed that the base oils recovered by this process meet API standards for base
oils. Lubricants made from Safety Kleen base stock include engine oils, gear lubricants,
power transmission fluids, hydraulic oils, and industrial oils, all of which meet industry
standards and specifications and therefore do not jeopardize warranties or the

performance of equipment (UNEP, 2012).
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» Distillate

Vacuum
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hydrotreater . .
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Figure 8 Safety Kleen simplified process flow diagram
Source: Fernatt (2013)
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4.2  KTI process

42.1 Process description
The KTI (Kinetics Technology International) also known as KTI relube is constituted of
the following sequences:

Atmospheric distillation:
In this step, Water and light hydrocarbons are removed.

Vacuum distillation:
Thin film vacuum distillation to produce the lube fraction

Hydrogenation:
The distilled fraction is hydrogenated in order to eliminate contaminants and additives

Fractionation:
The hydrogenated fraction is fractionated into light and heavy oil.
Figure 9 shows a simplified flowsheet of the KTI re-refining process.
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Figure 9 KTI simplified process flow diagram
Source: Audibert as cited UNEP(2012)
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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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Figure 10 CEP simplfied process flow diagram
source: CEP

44  UQOP Hylube process

4.4.1 Process description
This technology was designed by UOP in 1995. This process which operates on

continuous basis is made up of the following stages:

Pretreatment:

The feedstock is first filtered to remove solids and then mixed with hot hydrogen in a
pressurized mixing chamber. The heat mixture is sent to flash separator where the
bottoms are routed to a residue stripper.

Hydroprocessing;:

In the multi-stage high-pressure system, the gaseous hydrocarbon materials are initially
separated from the residual impurities and metal compounds (guard reactor), and then
processed through a severe hydofinishing reactor. Using patented hydrogenation
catalysts, a deep saturation of olefins and aromatics is achieved (conversion reactor),
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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.

2016 plat Acolall Ellgi 3330m 53300 Acolall & gomd (ol sube



(al ylailly daaid Al

161 suztr - 2017 (yaa0,%1 9 CILS cllomalt

Chemical

—
Waste Oil

@

Liquid
Propane

Propane
tripping

Phase
separation

Light

Hydrocarbon

Vacuum

— Base Oil

1

1

1

1

1

1

1

1

1

1

1

1

1
Vaporization

< H

l 1

1

1

1

1

1

1

1

1

1

1

Chemical Propane Atmospheric and
Pretreatment Extraction Asphalt Vacuum
Figure 19 Interline simplified process floe diagram
Source: Audibert (2006)
Waste Oil
[ Filtration Residne »
l Light Hydrocarbons
[ Distillation Water
Propane ;[ Supercritical Extraction ] Residue
A d ;
l Distillation
[ Distillation ]
Solvent
A 4
H2 v
Gas

Hydrofinishin
Catalyst Y €

v Y
S

—

v

Base Oil

Figure 20 ROSE/Kellog simplified block flow diagram; Source Giovanna et al (2003)

2016 alat Aratalt Elalgh 5330 5 33LaN Aralal) & gond ol duc

159

il Eal



160

ol Hglaitly dazitt Alne
161 sazdr - 2017 (g2, ¥1 9 CILS Alomalt

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.
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» Spindle
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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

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

cilll Gl



166

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

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.

2016 plat Acolall Ellgi 3330m 53300 Acolall & gomd (ol sube



Al (glailtly daaidl Alxe
161 saedf - 2017 (ya20,%1 9 SIS Alomalt

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)

2016 plat Acalall ELslgi 5 33Loms 3 33LaN Aralatt Ergomd (oli sute



Al (glailtly daaidl Alxe
161 saedf - 2017 (ya20,%1 9 SIS Alomalt

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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