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EXECUTIVE SUMMARY
Study Goals
Sustainabiliti Limited was contracted by the Basel Convention Regional Coordinating Centre
for Africa, Ibadan to investigate options for the effective recovery and disposal of used oil in
an environmentally sound manner in Nigeria.
This study, conducted by Mr. Kayode A. Ogungbuyi in November and December 2004,
encompasses a brief review of the Used Oil problem in Nigeria and the development and
specification of policy options available to address the issue, taking cognisance of the
technical, legislative, economical and environmental feasibility of each.
Project Need
Used Oil is the single largest non-watery liquid waste stream in Nigeria. It is contaminated
with a range of toxic substances including benzene, toluene, chlorinated solvents, heavy
metals and aromatic hydrocarbons.
In addition to its significant ecotoxic properties, used oil can also be toxic to humans. Used
oil contains arsenic, cadmium, chromium and zinc, all of which can be toxic to plants,
animals and aquatic organisms. In addition, dioxins contained in used oil can affect fertility,
reproduction and immune system. Contaminants in used oil are capable of inducing a variety
of illnesses and diseases.
The appropriate management of waste oil is a common problem for many African countries
where it poses negative environmental and human health risks because of inadequate
systems for collection, storage, recycling, disposal, etc.
This is happening despite the availability of technology and management systems in several
parts of Africa.
There is therefore a need to stimulate awareness and promote technology transfer within
sectors involved with the general oil market, particularly businesses that produce market or
sell oil products and could promote better waste management practices in Nigeria.
Background
Nigeria, which is Africa's most populous country, is composed of more than 250 ethnic
groups; the following are the most populous and politically influential: Hausa and Fulani
29%, Yoruba 21%, Igbo (Ibo) 18%, Ijaw 10%, Kanuri 4%, Ibibio 3.5%, Tiv 2.5%. The
population is estimated at 137,253,133 (July 2004).
Nigeria is located in West Africa, bordering the Gulf of Guinea in the south, and between
Benin in the west and Cameroon in the east, Niger in the north and Chad in the north-east.
Nigeria‘s total area is 923,768 sq km (water: 13,000 sq km water; land: 910,768 sq km).
With a total land boundary of 4,047 km - Benin 773 km, Cameroon 1,690 km, Chad 87 km,
Niger 1,497 km and a coastline of 853 km, the climate varies from equatorial in the south,
tropical in the centre and arid in north. The terrain ranges from southern lowlands that
merge into central hills and plateaus; mountains in southeast, and, plains in north.
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Oil-rich Nigeria, long hobbled by political instability, inadequate infrastructure, and poor
macroeconomic management, is undertaking some reforms under the new civilian
administration. Nigeria's former military rulers failed to diversify the economy away from
overdependence on the capital-intensive oil sector, which provides 20% of GDP, 95% of
foreign exchange earnings, and about 65% of budgetary revenues. The largely subsistence
agricultural sector has failed to keep up with rapid population growth - Nigeria is Africa's
most populous country - and the country, once a large net exporter of food, now must
import food.
During 2003, however, the government deregulated fuel prices and announced the
privatization of the country's four oil refineries. GDP growth probably will rise marginally in
2004, led by oil and natural gas exports.
Nigeria‘s natural resource base includes natural gas, petroleum, tin, columbite, iron ore, coal,
limestone, lead, zinc, arable land; its current environmental issues include soil degradation;
rapid deforestation; urban air and water pollution; desertification; oil pollution - water, air,
and soil; has suffered serious damage from oil spills; loss of arable land; rapid urbanization.
The Status Quo
Currently the disposal of used oil is not explicitly covered by legislation. The relevant
legislation is piece-meal (as it does not cover individuals who are the major violators), and in
some cases, not completely implemented (due to a dearth of enforcement officials). This in
turn has led to unclear accountabilities and ineffective enforcement.
The recent track record of used oil recovery and disposal in Nigeria has clearly not been
impressive as almost 90% of the lubricating oil sold is unaccounted for. There is anecdotal
evidence that environmentally unsuitable methods of disposal (such as disposal into storm
water drains, gutters, sewers, land and low temperature incineration) are relatively common.
An examination of the existing management regime suggests that the situation is likely to
continue unabated, if no remedial action is taken. The regime suffers from a lack of clear
accountability for the management of used oil, lack of awareness to the health and
environmental risks associated with the current disposal methods, and obvious inequities in
the incidence of associated used oil management costs.
The inadequacies in the specification of the regime are reflected in a number of problems at
the operational level, including poorly specified collection networks (where they exist) and a
clear absence/lack of investment in the complementary strategies required for effective used
oil recovery, such as appropriate capacity building of regulators and public education and
awareness/sensitisation of users. But perhaps, of most concern is the total lack of any
dynamism in approaching the problem of used oil recovery in Nigeria.
It is pertinent to note that several attempts had been made in the past at establishing a
used oil collection system and recycling plant in Nigeria. In 19993, UNIDO reported that the
Department of Petroleum Resources sent a proposal to Government on the subject in
1984,while a group of oil companies including Mobil sent another proposal for consideration
in 1986. While Government recognises the need for the project, it favours the establishment
and handling of such projects by the oil companies themselves. In 1996, Lube Oils Limited,
with the assistance of UNIDO, assessed the techno-economic importance of refining used
lubricating oil. The study recommended the establishment of used oil recycling plants in the
country.
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These attempts failed due to a variety of factors which militate against re-refining of used oil
in Nigeria. These included:
 The then existing subsidy on petroleum products;
 The economic cost of collecting small quantities of used oil from widely dispersed and
unpredictable locations;
 The absence of specific regulations encouraging used oil recycling and controlling used
oil disposal;
 The absence of incentives/inducements for used oil collection to marketers and other
collectors/holders of used oil;
 The re-use of drain oil in commercial fleet, ‗‗junk‘‘ vehicles, brick-making machines and a
host of other unconventional usage;
 The lack of mandatory use of recycled base oil as a proportion of new lubricants.
Proposals
The current study identifies that there exists a need for a used oil collection system and for
disposal options that are environmentally sound and economically beneficial, as this will in
the long term create an enabling environment for recycling as an economic venture. The
immediate benefits from embarking on this venture include:
 Creating a cleaner environment as it will reduce waste while saving energy and helping
to conserve natural and human resources,
 Reducing foreign exchange spent on importing virgin base oil,
 Generating employment in all stages of the used oil collection and disposal system,
particularly in the 774 Local Government Areas.
In order for this to succeed, basic economic and legislative infrastructures are required. As a
priority, government should undertake the following:
 coordinate and encourage collection of used oils from all sources nationwide;




introduce specific instruments (legislation, regulation, guidelines, etc.,) concerning used
oils collection and disposal, quality standards, and acceptable means of treatment and
disposal;
promote the use of recycled oil.

Re-refining is a feasible option for used oil recovery and disposal if positive steps are taken
by all stakeholders to nurture the fledgling industry to maturity. To this end, we considered
seven different regeneration technological processes and three different capacities among
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other recovery processes, thus expanding the options available to would be investors in this
emerging sector.
In the European Union, four measures have been taken to encourage and protect the rerefining industry:
 A government procurement of lubricants with a minimum recycled content to
demonstrate government‘s commitment and create demand for re-refined oils;
 Taxation of used oils employed as fuel at the same level as competing fuel oils;
 Application of the EU priority for re-refining such that potential investors in the rerefining industry have the guarantee of a reliable supply of used oils; and,
 Tighter restrictions on the direct combustion of untreated used oils.
The adoption of these measures with modifications to address local peculiarities will in no
small measure provide the necessary impetus to jump-start the used oil recovery and
disposal initiative in Nigeria, and other Africa Countries overtime

Sustainabiliti Limited: Feasibility Study for the environmentally sound management of used oil in
Nigeria.

5

TABLE OF CONTENTS
EXECUTIVE SUMMARY
1.
BACKGROUND: THE USED OIL PROBLEM
1.1
1.2

Used Oil as an Environmental Issue
Recycling, Reuse and Recovery

2
7
8

2

LEGISLATION COVERING USED OIL MANAGEMENT IN NIGERIA

9

3

TECHNICO-ECONOMIC FEASIBILITY
3.1
Regeneration or Re-refining
3.2
Thermal Cracking
3.3
Re-Use
3.4
Gasification
3.5
Burning after severe re-processing
3.6
Burning after Mild Re-Processing
3.7
Conclusions of the Technico-Economic Analysis

12
14
24
26
27
27
27
30

4

ENVIRONMENTAL FEASIBILITY
4.1
Human Health effects
4.2
Ecotoxic Effects
4.3
Management Issues
4.4
Principles
4.5
Models for used oil recovery
4.6
Tracking and monitoring the recovery rate for used oil

33
35
35
36
36
37
38

5

RECOMMENDATIONS AND CONCLUSIONS

38

5.1
5.2

38
39

Options for Managing the Effects of Used Oil
Policy tools

REFERENCES

43

APPENDICES
Appendix 1. Description of the Main Regeneration Technologies

45

Appendix 2. Costs & Waste Oil Gate Fee for a Grass-root Regeneration
Plant
Appendix 3. Solvent Treatment System – Process Flow Diagram
Appendix 4. Solvent Treatment System – Piping and Instrumentation
Diagram
Appendix 5. Boskel Process Flow Diagram

49
50
51
52

Sustainabiliti Limited: Feasibility Study for the environmentally sound management of used oil in
Nigeria.

6

Sustainabiliti Limited: Feasibility Study for the environmentally sound management of used oil in
Nigeria.

7

1.

BACKGROUND: THE USED OIL PROBLEM

1.1

USED OIL AS AN ENVIRONMENTAL ISSUE

1.1.1

Definition

Used oil as referred to in this report, 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 (e.g. lubricating oils; hydraulic fluids; metal working fluids, electrical (dielectric) or
heat transfer fluid, insulating fluid). It also means any semi-solid or liquid used product
consisting totally or partially of mineral oil or synthesised hydrocarbons (synthetic oils), oily
residues from tanks, oil-water mixtures and emulsions. It is also referred to as waste oil
and spent oil.
1.1.2 Used oil as a source of pressure on the environment
Used Oil is the single largest non-watery liquid waste stream in Nigeria. An estimated 400
million litres of used oil are generated each year, 90% of which is unaccounted for, and the
likelihood of its being disposed of in an environmentally unsafe manner is very high. As a
consequence, the management of used oil in Nigeria has become a subject of much interest
in recent times because of the large quantities generated nationwide, their potential for
direct re-use, reprocessing, reclamation and regeneration and because they may cause
detrimental effects on the environment if not properly handled, treated or disposed of. Used
lubricating and other oils represent a significant portion of the volume of organic waste
liquids generated worldwide. The three most important aspects of used oils in this context
are: contaminant content, energy value and hydrocarbon properties.
1.1.3 Disposal options
The toxic nature of used oil means that it is unusable in its original application. The
contaminants picked up during use eventually render lubricating oil unsuitable for further
applications, thus, it must be re-refined, reprocessed or otherwise disposed of in a carefully
controlled manner to avoid a negative impact on the environment.
1.1.3.1 Scope for recycling
A large range of used oils can be recycled and recovered, either directly in the case of high
oil content wastes, after some form of separation and concentration from high aqueous
content materials. Certain types of waste oils, lubricants in particular, can be processed
allowing for direct reuse. The use of waste oils after treatment can be high energy content,
clean burning fuel or a lube base stock comparable to highly refined virgin oil.
Reclamation of used oils can give a product of comparable quality to the original, but may
contain various contaminants depending on the nature of the process such as heavy metals,
by-products of thermal breakdown and substances associated with specific uses (e.g. lead,
corrosion inhibitors, PCBs). The regeneration of used oils is widely practised to obtain the
highest degree of contaminant removal leading to the recovery of the oil fraction which has
the maximum value.
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1.1.4 Sources of used oils
Used oils originate from diverse sources including petroleum refining operations (sludges
containing appreciable amounts of oil originating from the various parts of petroleum plants
such as sumps, gravity separators, and the cleaning of storage tanks.), the forming and
machining of metals, small generators (do-it-yourself vehicle and other equipment
maintenance) and industrial sources, and the rural agro-allied based population. Collecting
used oil from non-industrial sources and local small generators is very difficult and requires
a well established and efficient infrastructure to accomplish the task effectively. In this
regard, it is important to develop adequate reuse or recycling options, to properly handle
the collected volume of oil, to address the specific properties of the concerned waste and
assess the degree to which used oils could be treated.
1.2

RECYCLING, REUSE AND RECOVERY

Recycling is the commonly used generic term for the reprocessing, reclaiming and
regeneration (re-refining) of used oil by use of an appropriate selection of physical and
chemical methods of treatment.
Used oils can be recycled or reused in a variety of ways. In the waste management
hierarchy, the first option is to conserve the original properties of the used oil allowing for
direct re-use, the second option being to recover its heating value.
It is important to recycle the hydrocarbon content of used oils. Re-refining is one of the
preferred methods for disposal of used oil as it has the beneficial effect of reducing the
consumption of virgin oils; though it should be noted that it is sensitive to the scale and the
economics of the operation as thousands of tonnes of used oils would be required to sustain
such an operation.
The majority of used oils — about 260 million litres per year — is generated by individual
consumers (―do-it-yourselfers,‖ or DIYs) who change their own oil and road side automobile
mechanics who indiscriminately dispose of the used oil into the environment.
All automotive oils can be recycled safely and productively, saving energy and avoiding
environmental pollution. Unfortunately, most DIY used oil is handled improperly. Some is
emptied into sewers, disrupting treatment plants or going directly into waterways. Some is
dumped directly onto the ground to kill weeds or is used to suppress dust on dirt roads.
Millions of litres are thrown into the trash, often ending up in landfills, from which the oil can
contaminate ground and surface water. Less than 10 percent is properly collected and sent
off for recycling. This mismanagement causes needless damage to streams, ground water,
lakes, and the oceans and wastes a valuable non-renewable resource, causing us to be
more dependent on foreign imports of oil as the refineries are epileptic in their operations.
To solve the used oil problem, we must stop careless, destructive practices and make sure
that oil is, in fact, recycled. Dealing with the millions of sources involved demands a bottomup, rather than a top-down, approach. Improving used oil management is one area where
local governments, often working with private sponsors and civic organizations, are in an
ideal position to help solve a major environmental problem.
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Surface water contaminated with used oil

2

LEGISLATION COVERING USED OIL MANAGEMENT IN NIGERIA.

The current regime for used oil recovery in Nigeria is a voluntary one as there is no
legislation for it. Although some aspects of the used oil recovery programme are affected by
legislation, there is no legislation that directly requires the recovery of used oil in Nigeria.
The Federal Environmental Protection Agency (FEPA) {and now the Federal Ministry of
Environment (FMENV.)} was established on 30th December 1988 by Decree No. 58 of 1988,
and charged with the full legal responsibility to control and oversee the state of the Nigerian
environment.
Decree No. 58 of 1988 as amended by FEPA Decree No. 59 of 1992 presents FEPA as the
environmental watch-dog and conscience of the nation whose function, amongst others, is
to motivate and inspire, to raise the levels of environmental action and awareness, and take
the lead in the formulation and co-ordination of environmental policy and monitoring
activities at all levels of government and sectors of the Nigerian economy.
FMENV strategy towards the discharge of its mandate comprises policy formulation, setting
of standards, establishment of guidelines and regulations, enlightenment and compliance
promotion and the monitoring and enforcement of standards, guidelines and regulations.
FMENV delegates some of its statutory powers to the State and Local Governments who
together have the statutory functions of municipal waste management, environmental
sanitation and urban and regional planning.
In order to ensure that the execution of FMENV mandate is harmonised across States and
Local Governments, States are guided and assisted in the establishment of State
Environmental Protection Agencies (State EPAs) and the development of relevant State
Environmental Action Plans (SEAPs). Some Industrial facilities have hitherto enjoyed various
lengths of moratorium to enable them put in place pollution abatement measures. The
moratorium expired in December 1994. FMENV also co-operates with other line agencies to
operate relevant environmental laws in Nigeria.
Some Policy and Legal Instruments developed to date by FMENV to halt environmental
degradation in Nigeria include:
Harmful Wastes (Criminal Provisions) Decree 42 of 1988;

Sustainabiliti Limited: Feasibility Study for the environmentally sound management of used oil in
Nigeria.

10

Federal Environmental Protection Agency Decree 58 of 1988 as amended by Decree
59 of 1992 and further amended by Decree 14 of 1999;
The National Policy on the Environment (1989) subsequently reviewed in 1999;
The National Policy Guidelines and Standards for Environmental Pollution Control in
Nigeria (1991);
National Effluent Limitation, Regulations S.I. 8 of 1991;
National Environmental Protection (Pollution Abatement in Industries and Facilities
Generating Wastes) Regulations S.I.9 of 1991;
Hazardous and Solid Wastes Management Regulations S.I.15 of 1991;
Environmental Impact Assessment Decree 86 of 1992;
Sectoral guidelines for Environmental Impact Assessment;
National Guidelines for Environmental Audit in Nigeria, 1999;
National Guidelines on Environmental Management system in Nigeria1999;
National Guideline on Hazardous Chemical Management, 2001
Handbook on Hazardous Waste Management, 2001;
The National Effluent Limitation, Regulations S.I. 8 of 1991; makes it mandatory for
industrial facilities to install anti-pollution equipment, and makes provision for effluent
treatment while prescribing maximum limits of effluent parameters allowed for
contravention including oil and grease from various manufacturing or service industrial
sector. It further prescribes limit for discharge of oil and grease into surface water (10mg/L)
and for land application (20mg/ml).
The National Environmental Protection (Pollution Abatement in Industries and Facilities
Generating Wastes) Regulations S.I.9 of 1991 among other things impose restrictions on the
release of toxic substances and stipulates requirements for monitoring of pollution to ensure
that permissible limits are not exceeded while unusual and accidental discharge‘s
contingency plans, generator‘s liability and strategies for waste reduction and the safety of
workers are put in place.
 S 15(2) stipulates that ‗‗no oil in any form shall be discharged into public drain, rivers,
lakes, sea, or underground injection without a permit issued by the Agency or any
organisation designated by the Agency (FMENV.)‘‘
 S 11 (1) states that ‗‗the collection, treatment, transportation, and final disposal of
waste shall be the responsibility of the industry or facility generating the waste.‘‘
 S 17 states that ‗‗An industry or facility which is likely to release gaseous, particle,
liquid, or solid untreated discharges shall install into its system, appropriate
abatement equipment in such manner as may be determined by the Agency
(FMENV.) ‘‘
Hazardous and Solid Wastes Management Regulations S.I.15 of 1991 regulates the
collection, treatment and disposal of solid and all forms of hazardous wastes from municipal
and industrial sources, and gives the comprehensive list of chemical and chemical wastes by
toxicity categories.
Some non-specific sources listed in Schedule 12 of Hazardous/Dangerous Waste sources
include:
 FEK 048 Dissolved Air Flotation (DAF) floats from the petroleum refining industry.
 FEK 049 Slop oil emulsion from the petroleum refining industry.
 FEK 050 Heat exchanger bundle cleaning sludge from the petroleum refining
industry.
 FEK 051 API separator sludge from the petroleum refining industry.
 FEK 052 Tank bottoms (leaded) from the petroleum refining industry.
Sustainabiliti Limited: Feasibility Study for the environmentally sound management of used oil in
Nigeria.

11

Anecdotal evidence suggests rules are not always enforced, partially because majority of the
regulators at the State and Local Government levels are unsure of the environmental effects
associated with used oil, but also because they do not have the resources to oversee all
burners utilising used oil. The lack of clear national environmental standards or any national
policy on used oils recovery is an aggravating factor, more so when the existing laws focus
attention on industries/facilities and make no mention of individuals who, in this case, are
the most culpable.
The existing legislation is inadequate for the environmentally sound management of used oil
in Nigeria as the Generator‘s liability in the case of facilities/industries has been expressly
confirmed as mentioned inter alia, while no mention was made of individuals, who as have
been established, are most guilty of indiscriminate disposal without concern for the
environment. However, it might be necessary to enact a new legislation in Nigeria similar to
that which exists in the European Union vide Council Directive 75/439/EC on Waste Oils
amended in 1987 which gives priority to the regeneration of Waste Oils over their
incineration among the different options for recovery. According to Article 3 (1) and (2)
Member States shall give the first priority to the regeneration of waste oils and second
priority to the combustion of waste oils under environmentally acceptable conditions where
technical, economic and organizational constraints so allow. Where the constraints do not
allow regeneration or combustion, Member States shall take the necessary measures to
ensure the safe destruction or controlled storage of waste oils (Article 3 (3)). This should
thereafter be canvassed for adoption in Africa through the BCRCs in Africa.
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3

TECHNICO-ECONOMIC FEASIBILITY

The handling and disposal of automobile crankcase engine oil is a widespread source of
environmental degradation and ecological damage in the Nigerian environment. Spent
engine oil constitutes an aesthetic nuisance which in the Nigerian context arises from the
lackadaisical attitude in disposal practices. Used engine oil constitutes the major portion of
used oil in Nigeria where majority of people depend on automobiles for transportation in the
absence of a Mass transit system. Considering that there were 194,394 km of roads in
Nigeria with 60,068 km paved (including 1,194 km of expressways, and 134,326 km
unpaved as at 1999, while over 90% of engine oil change is carried out by road-side
mechanics in locations scattered all over the 774 Local Government Areas in Nigeria gives a
clearer picture of the magnitude of used oil problem in Nigeria. The identified occupational
target group is largely illiterate thus requiring a sustained public enlightenment campaign to
generate sufficient interest for the establishment of used oils collection systems within
centralised garages and mechanic workshops, which could ultimately lead to an examination
of environmentally sound disposal options and the possibility of re-refining as a possible
commercial venture through partnership involving the Government, marketers / producers of
lubricants and users.
There is adequate quantity of used oil generated in Nigeria to ensure the sustainability of a
used oil management programme in the country. With the epileptic supply of electricity by
the National Electric Power Authority, most Nigerian business enterprises and virtually all
manufacturing concerns make do with their own Electricity Generating sets. Some
companies particularly in the Food and Beverage industrial sector like Cadbury Nigeria Plc,
Stanmark Cocoa Processing Company Limited are on Electricity Generating Sets 24-hours
daily to maintain the integrity of their products which are susceptible to spoliation if there is
a 30-second power outage.
A total of 5,828,900 vehicles were registered in Nigeria since the inception of the National
Uniform Licensing Scheme by the Federal Road Safety Corps between January 1992 and
July 2004. With each of the vehicles using at least 4 litres of engine oil per month, this
translates to a potential 303,102,800 litres of used engine oil per annum produced by
vehicles in Nigeria.
There are at least 5 million Electricity Generating Sets (5kvA and above) in Nigeria with a
potential of 260,000,000 litres of used engine oil per annum. There is a potential market of
about 281 million litres of used engine oil generated yearly in Nigeria. This is based on the
assumption that 50% of virgin engine oil is recoverable as 50% of the virgin engine oil used
is lost during use through combustion, evaporation, and/or residues left in with the engines.
A 1993 UNIDO Report gave a figure of 1,108,395,000 litres as the lubricant consumption in
Nigeria between 1988 and 1992. It also stated that about 5.3 million barrels (222,061,000
litres) of lubricant was consumed in 1992 with about 4.6 million barrels of waste oils
unaccounted for. When consideration is given to the volume of used oils generated by Public
utilities like the Nigerian Railway Corporation, National Electric Power Authority and also the
Nigerian Ports Authority, these figures become realistic.
Presently, there are two established and organised collection systems of used oils from
automotive origins in Nigeria operated by Mobil Oil Nigeria Plc which pioneered it in the
Lagos area in 1991 and Total Nigeria Plc which started its own programme nationwide in
1997.
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Mobil Oil Nigeria Plc started its pilot scheme involving 27 retail outlets in 1991 from which
waste oil is collected and transferred to a central collecting centre with a 10,000- litre
capacity. A truck collects used oil from the collecting centre every two weeks for transfer to
a storage depot. After preliminary treatment, the used oil is blended with fuel oil and sold to
prospective buyers which include West African Portland Cement Plc.
Total Nigeria Plc has an enviable used oil collection system in all its 279 service stations (of
530 Fuel Stations) nationwide and this can be used as a template for adoption in other
Service Stations in Nigeria. After collection of the used engine oil from its service stations,
Total Nigeria Plc tests same prior to pouring them into slop tanks and dope test before
eventually using them as fuel oil to fire boilers. Likewise, the Cadbury Nigeria Plc used oil
collection system which generates 16 x 210 litre drums per month which is sold for use as
black oil to fire boilers and furnaces, can be modified and adopted as the template for
manufacturing companies. It will be necessary to develop a template for introduction to
automobile mechanics through their Associations at the National and State levels to stem
the tide of indiscriminate used engine oil disposal.
The economic viability of a used oil management programme will be affected by transport
costs, end uses, pollution abatement investment; social acceptability considerations as well
as regulations would form part of the analytical procedure. Regulations and other economic
instruments would need to be developed and implemented to assist in sustaining the market.
Even though recycling used oil is good for the environment and the economy as attested to
by the following:
 Re-refining used oil takes only about one-third the energy of refining crude oil to
lubricant quality.
 It takes 162 litres of crude oil, but only 4 litres of used oil, to produce 2.5 litres of
new, high-quality lubricating oil.
 4 litres of used oil processed for fuel contains about 140,000 British Thermal Units
(BTUs) of energy.
 Employment opportunities abound in the collection, storage, transportation, recycling
and resale points.
 If all used oil improperly disposed of by do-it-yourselfers were recycled, it could
produce enough energy to power 360,000 homes each year or could provide 96
million litres of high-quality motor oil.
 A gallon (4 litres) of used oil from a single oil change can ruin 4 million litres of fresh
water — a year‘s supply for 50 people.
 Concentrations of 50 to 100 parts per million (ppm) of used oil can foul sewage
treatment processes.
 Films of oil on the surface of water prevent the replenishment of dissolved oxygen,
impair photosynthetic processes, and block sunlight.
 Oil dumped onto land reduces soil productivity.
 Toxic effects of used oil on freshwater and marine organisms vary, but significant
long-term effects have been found at concentrations of 310 ppm in several
freshwater fish species and as low as 1 ppm in marine life forms.
Various treatment processes for used (waste) oils exist or are under development in Europe
from which Nigeria, and indeed African countries can benefit from. The most significant ones
are listed below. However, it should be noted that although dumping and illegal burning
exist in most European countries, they are not mentioned here as they are forbidden by
existing legislation.
There are a lot of processes for recovering used oils in Europe, where a track record of used
oils recovery exists, the most significant ones being:
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3.1

Regeneration or Re-refining
Thermal cracking
Gasification
Severe Re-processing
Mild Re-processing then burning
Direct burning
Reuse
REGENERATION OR RE-REFINING

Five aspects of the regeneration are presented in this section:
• the type of used oils which are regenerable (input),
• the quality of the base stock produced (output) and the outlets,
• the existing technologies,
• the success criteria for a regeneration plant,
• the economics of regeneration.
3.1.1 TYPE OF USED OILS ELIGIBLE FOR REGENERATION
The used oils most suitable to regeneration are those not too heavily polluted and with a
high viscosity index (HVI). The EU classifies used oils through European Waste Category
(EWC) according to Commission Decision 2000/532/EC as amended.
The Groupement Europeen de l‘Industrie de la Regeneration in Belgium (GEIR) and rerefiners consider regenerable the following used oils:
•
engine oils without chlorine (EWC code: 130205),
•
hydraulic oils without chlorine (EWC code: 130110),
•
non-chlorinated mineral diathermic oils (EWC code: 130306).
Under certain conditions (limitation of chlorine or PCB content), this list could be extended
to the following categories:
•
engine oils with chlorine (EWC code: 130204),
•
hydraulic oils with PCB (EWC code: 130101),
•
hydraulic oils with chlorine (EWC code: 130109).
According to the GEIR, 60 to 65% of used oils are eligible for regeneration. Other experts
indicate 50% of used oils.
Several experts insist on the fact that the used oils composition is becoming more and more
complex, due to different factors such as:
• The increasing use of dispersants as well as esters and poly-alpha-olefins, e.g. to increase
the life of the oil. As a result, the used oils become more complex and dirty over time.
• The progressive displacement of conventional mineral based auto lubricants by ‗synthetic‘
products which have enhanced performance characteristics. Whereas some of these
synthetic products can be regenerated along with mineral oils, others (based upon esters for
instance) are less suitable to regeneration because they tend to be less stable in the
presence of caustic (often used by regeneration processes) and less stable to the hydrofinishing step.
It remains to be seen whether the latest technical advances in regeneration prove to be
sufficiently flexible to handle the charging composition of used oils over the next 10 years.
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3.1.2 Quality of the Base Stock Produced and Outlets
Re-refined base oils are speciality products used in automotive lubricants and industrial
lubricants (hydraulic oils). The quality of the base oils produced by regeneration is still a
matter for discussion between industrial actors, even though that quality has largely
improved with processes such as hydro-treatment and solvent extraction.
There are five specific categories of base oils. These categories define the type of base stock
the oil is formulated from. The categories are as follows. Note that the base oil group
category is followed by the manufacturing method (in bold print) and then a description of
the oil characteristics for each category.
Group I - Solvent Freezing: Group 1 base oils are the least refined of all the groups. They
are usually a mix of different hydrocarbon chains with little or no uniformity. While some
automotive oils on the market use Group I stocks, they are generally used in less demanding
applications.
Group II - Hydro processing and Refining: Group II base oils are common in mineral
based motor oils currently available on the market. They have fair to good performance in
lubricating properties such as volatility, oxidative stability and flash/fire points. They have
only fair performance in areas such as pour point, cold crank viscosity and extreme pressure
wear.
Group III - Hydro processing and Refining: Group III base oils are subjected to the
highest level of mineral oil refining of the base oil groups. Although they are not chemically
engineered, they offer good performance in a wide range of attributes as well as good
molecular uniformity and stability. They are commonly mixed with additives and marketed
as synthetic or semi-synthetic products. Group III base oils have become more common in
America in the last decade.
Group IV - Chemical Reactions: Group IV base oils are chemically engineered synthetic
base stocks. Polyalphaolefins (PAO's) are a common example of a synthetic base stock.
Synthetics, when combined with additives, offer excellent performance over a wide range of
lubricating properties. They have very stable chemical compositions and highly uniform
molecular chains. Group IV base oils are becoming more common in synthetic and syntheticblend products for automotive and industrial applications.
Group V - As Indicated: Group V base oils are used primarily in the creation of oil additives.
Esters and polyolesters are both common Group V base oils used in the formulation of oil
additives. Group V oils are generally not used as base oils themselves, but add beneficial
properties to other base oils.
Note that the additives referred to in the Group V description are not aftermarket type oil
additives. The additives referred to are used in the chemical engineering and blending of
motor oils and other lubricating oils by the specific oil company that produces the finished
product.
Modern regeneration technologies (i.e. not for instance the acid/clay process) allow
producing premium quality base oils: at least Group I according to the API base oils
classification and, when resorting to a severe hydro or solvent finishing, Group II base oils.
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There is a perfect comparability between severely hydro-treated re-refined base oils and
virgin base oils on the basis of viscosity index, volatility, chlorine content.
As for the base oils quality:
•
it is not very dependent on the variation of the origin and type of used oils collected
(the variations of base oils quality are actually not different from the variations of
virgin base oils quality); it is thus possible to obtain reasonably consistent base oil
products from a specific regeneration plant,
•
it is very dependent on the different processes and production plants.
As far as the perceived quality in the automotive sector is concerned, the experts‘ opinions
differ:
•
according to the GEIR and re-refiners as well as some auto manufacturers, there is
an increasing trend towards the acceptance of re-refined base oil by engine
manufacturers,
•
according to others, engine manufacturers are still largely reluctant. One reason is
that they fear the negative psychological effect of recycled products on their
customers and the repercussion on their corporate image.
In the UK for instance, the smallest market resistance is in the gear and hydraulic oils
segments.
In the case of the new re-refinery under construction in Eisenhuttenstadt, Germany, vehicle
lubricants will play a relatively small role. Industrial lubricants are considerably more
interesting for this plant which will produce low sulphur, Group II base oil. Also the focus on
industrial lubricants is supported by the fact that the sales effort is considerably smaller than
for motor oil.
The structure of the lubricant manufacturing market plays also an important role: whereas
the small independent blenders and manufacturers may be easier to convince, large
producers with heavily branded products may be more reluctant.
Two other factors regarding the evolution of the demand are important to indicate:
• not withstanding growth in vehicle numbers, demand for automotive lubricants
is steadily diminishing (with corresponding increase in performance/quality
requirement for the lubricant) as the service life required by auto manufacturers
becomes steadily greater. This shrinking of the size of the market, associated to the
progressive displacement of conventional mineral based auto lubricants by ‗synthetic‘
products mentioned above, have a disproportionate impact upon demand for virgin
conventional mineral base oil which is already in oversupply within Europe. It is expected
that the major oil marketers will divert the excess supply in Europe to Africa, and thus resist
used oils recovery efforts in Africa if they are not compelled by the relevant authorities.
However in Nigeria and other African countries, because of eroded earning powers of motor
users, they cannot afford to buy brand new vehicles, hence they cannot obtain the benefits
of this improvement in product quality and performance. The reality in Nigeria is that of the
565,575 vehicles registered in Nigeria between January and July 2004, only 10,052 were
brand new. These results in prolonged oil change periods re-use of drain oil especially in
commercial fleets for the aged engines of their vehicles.
•

it can be expected that the hydrocarbon-powered, internal combustion
engine will be replaced by hydrogen-powered, fuel cell requiring neither
gear nor piston lubrication in the not too far future. The time frame for this is
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uncertain but the technologies now being tried by Toyota, Nissan, DaimlerChrysler,
Ford and others might ultimately be successful and their introduction could be
speeded by legislative pressures favouring H2 fuel cell over the hydrocarbon Internal
Combustion engine (as part of the effort to limit the carbon economy with its impact
on CO2 generation).
These elements are not favourable to the increase of the re-refined base oils demand under
free market conditions.
3.1.3 Existing Regeneration Technologies
Even if most of the existing capacities are still operating the old acid / clay process,
numerous major processes exist in Europe and world-wide.
They may differ by the technology used for one or several of the following operations:
•
de-watering and de-fuelling (removal of water, light ends and fuel traces which could
be gasoline or solvents are usually referred to as naphtha.
•
de-asphalting (removal of asphaltic residues: heavy metals, polymers, additives,
other degradation compounds),
•
fractionation (in two or three cuts),
•
finishing.
Appendix 1 describes most of them in fuller details.
As for the finishing, the hydro-treatment is today the most efficient one. It aims at reducing
or removing remaining metals and metalloids, organic acids, compounds containing chlorine,
sulphur and nitrogen. Operating under a high pressure and at high temperatures, it also
reduces the PAH (polycydic aromatic hydrocarbon) content to an acceptable level (health
implications said to be comparable to those of virgin base oil). However, virgin base oils
have been classified by the EU for carcinogenicity risks but not re-refined base oils yet
Considering the quality demand by users and the increasing complexity of engine oils
composition, a severe hydro-treatment may be less and less an optional extra in the future.
3.1.4 Criteria of Success for Regeneration Methods
As any industrial activity, the viability of a regeneration plant is dependent on three
elements:
•
the supply: an industrialist will invest in a plant only if there is a long time
guarantee of his feedstock supply.
It is all the more true in the case of the regeneration since this activity is capital consuming:
capital and fixed operating costs represent between 55 and 80% of the overall cost
according to the technology, the size and the country (purchase of the used oils excluded)
•

the market: an industrialist will invest in a plant only if their is a strong demand
and if outlets are guaranteed in time.

•
•

the profitability:
the revenues have to be high enough to cover the operating costs and to achieve an
Internal Rate of Return (IRR) on the capital invested to build the plant,
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•

the profitability has to be sound enough to absorb price variations on feedstock and
main products.

The selling price of the re-refined base oil is linked to the selling price of the virgin base oil it
competes with (10 to 25% lower) which is:
•
dependent on the shape of the base oil supply/demand curve that is determined by
the major crude oil companies. They lead and re-refineries have no alternative but to
follow.
•
strongly impacted by the crude oil price fluctuations and the US dollar rate.
Due to high crude oil prices, the base oil market today is completely different to that which
existed in the late 1990‘s: Group I virgin base oil prices are now 100% higher than they
were (but are only just above the average for the last 15 years).
A plant has to be able to overcome these fairly volatile fluctuations affecting its revenues.
3.1.5 Economics Of Regeneration

Methodology Used

 In order to take advantage of the EU experience in this field, the economic analysis
we carried out, addressed three major issues:
• the minimum gate fee of the used oils delivered to the plant necessary to cover the
operating costs as well as to achieve an Internal Rate of Return (IRR) on the capital
invested to build a plant. In these calculations, a 10% IRR has been considered as it
is a common IRR level considered in the industry,
• the scale effects,
• the influence of the technologies and the quality of the re-refined base oil on the
overall cost and thus on the used oils gate fee.

For that purpose, the calculation has been made across a broad range for seven (7)
different regeneration processes:
− acid/clay process,
− TFE + clay finishing,
− TFE + solvent finishing,
− TFE + hydro-finishing,
− TDA + clay finishing,
− TDA + hydro-finishing,
− PDA + hydro-finishing;
and three (3) different capacities (for most of these technologies):
− Small size (35 kt per year),
− Medium size (around 50 kt per year),
− Larger size (80-100 kt per year, even 160 kt in two cases).
•
•
o
•

The following cost and revenues items have been considered:
capital cost, with a 10-year depreciation for the core processes and engineering costs
and a 20-year depreciation for the non core processes and site acquisition costs,
fixed operational cost: staff, equipment maintenance, sales & general admin.,
variable operational cost: staff, utilities and chemicals (excludes the cost of used oils),
residues treatment,
revenues: sales of products (re-refined base oil and diesel oil) and residues (mainly
bitumen).
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We have tried to analyse the influence of the type of plant on the regeneration costs by
studying grass-roots plants on the one hand and plants built on an existing site on the other
hand. This is to allow for the establishment of a grass-roots plant in Nigeria, as may likely be
the case with Lube Oils Limited who had already acquired 11 acres of Land at Otta in Ogun
State, or any other prospective investor in the business.
All the non-core processes and site acquisition costs (corresponding mostly to the
infrastructure - offices, sanitary facilities, laboratory, fenced site, weight scale, workshop,
the reception of used oils and the acceptation control) as well as a part of the staff costs
have been subtracted to assess the impact on the overall cost of the pre-existence of the
site.
The used oils gate fees have been calculated as the difference between the overall cost and
the revenues, i.e. : a positive gate fee meaning the plant has to receive money with the
used oils delivered; a negative gate fee implying the plant can buy the used oils delivered.
The overall economics of used oils regeneration are ultimately determined by three factors:
Cost of the process, including yields, by-product values, energy and other
consumption, pollution controls;
Value of re-refined base oil and other products (mainly diesel oil, also naphtha in the
case of some processes);
Gate fees of the used oils delivered to the plant.
3.1.5.1
Factors influencing the process cost (used oil purchase excluded).
Regeneration is capital consuming: capital costs and fixed operating costs represent
between 55 and 80% of the overall cost according to the technology, the size of the
plant and the characteristics of the country (impacting for instance the salaries levels,
the transportation cost).
Regarding the technology, the extra cost of modern technologies compared to the
old technology Acid/clay may reach 75%. But the cost discrepancies between
modern technologies themselves are far less important; usually around 10% for a
given capacity.
Regarding the finishing step, a severe hydro-finishing treatment may represent an
important capital cost of 10 to 15 Million Euros.
The impact on the overall cost per tonne of used oil depends on the level of the total
cost – capital cost and operating cost excluding used oils purchase - (influenced by
the technology and the size of the plant): it may vary between 10 and 50% of the
total cost.
As far as the size of the plant is concerned, scale advantages exist. Considering the
various sources of information, the cost of a small plant (around 35 kt/year) may be
20 to 40% (depending on the technology) higher than the cost of a large plant
(more than 80 kt/year). The following formula has been used by an expert:
C2 = C1 * (F2/F1)0.6
C1 capital cost of plant 1
C2 capital cost of plant 2
F1 oil feed capacity of plant 1
F2 oil feed capacity of plant 2
Sustainabiliti Limited: Feasibility Study for the environmentally sound management of used oil in
Nigeria.

20

However, it has to be noted that the larger the plant is, the higher the cost of
transporting used oils to the plant becomes, beginning to erode the advantages of scale.
In the UK, it was indicated that as a general guide in the UK, we would expect the
advantages of scale to begin to decline for plants larger than 100 000 tonnes input.
As for the location of the plant, the pre-existence of some infrastructure and other
equipment will of course reduce the capital cost. As indicated above, it is difficult to
quantify that impact because of the maintenance and up-grading costs which would
be necessary in any case.
Although it does not belong to the core of this study, it is interesting to mention the
specific case of the integration of a regeneration plant in a refinery that already
produces lube oil base stocks. Beyond some economic advantages linked to the
process synergies as well as the reduction of crude oil and energy consumption,
some difficulties may explain the lack of interest from the oil companies, in particular
the fact that, to meet the needs of their heavy lubricant customers, the refinery will
have to compensate in order to produce the heavy lube oil fractions also required (by
increasing the crude consumption to the fuels unit). According to Mrs Wheeler‘s
report (Regenerate Waste Oil into Base stocks or Thermally Crack them into Fuels),
the integration of a thermal cracking unit would be economically preferable for
refineries compared to the integration of a regeneration unit.
3.1.5.2 Factors influencing the regeneration revenues
About 75 -80% of the revenues come from the selling of the re-refined base oil. The
additional revenues are brought by the selling of the diesel oil and some residues
(mainly bitumen).
The selling price of the re-refined base oil is dependent on five main parameters:
1)
the price of the virgin base oil with which the re-refined base oil competes, which is
strongly influenced by the crude oil price fluctuations and the US dollar rate.
For instance, group I virgin base oil prices are now 100% higher than they were in
the late 1990s (but are only just above the average for the last 15 years), which
explains that the re-refined base oil selling price is high too. But this was not always
the case in the past and might not be always the case in the future either.
2)

the quality of the re-refined base oil (which varies with the technology utilised due to
different finishing efficiency).
Today, a severe hydro-finishing (under a high pressure and a high temperature) is
the treatment which produces the higher re-refined base oil quality (up to Group II).

3)

the perception of the users and the expectation of the market.
A (perceived) quality difference of oils derived from used oils can force the price to a
lower level. Experts agree on the fact that the re-refined base oil is usually 10 to
30% cheaper than the virgin base oil (for the same quality).

4)

the partial or total tax exemption on the tax which may exist on sold lubricants, for
lubricants produced from re-refined base oil.
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Among the countries/regions where a tax on sold lubricants exists, Italy and
Catalonia have both introduced a tax exemption for lubricants produced from rerefined base oil: a total exemption in Catalonia and a partial one (about 50%) in Italy.
For that reason, in Italy for instance, the re-refined base oil is currently sold at a
higher price than the virgin base oil.
5)

the distribution costs.
They depend on the size and configuration of the country as well as the size of the
plant (the largest the plant is, the longest distances the supplies have to cover).

Considering all these parameters, common selling prices of re-refined used oils vary in 2001
between about 295 to 325 Euros/tonne (except in the case of the acid / clay process where
the price does not go over 250 Euros/t). It should be noted that some higher figures have
been mentioned by regenerators (up to 400 Euros/t). These discrepancies can only partly be
explained by the technology influence. This certainly reflects different actors‘ strategies.
3.1.5.3

•

•

Level of Used Oils gate fee

Whereas the acid/clay process can easily reach a negative used oils gate fee (i.e. the
plant can afford to purchase the used oils delivered), the two situations exist in the
case of modern technologies in the 2001 and 2004 favourable context (high crude oil
price and thus high base oil selling price):
most of the cases assessed have a positive gate fee, varying between 10 and 100
Euros/t depending on the technology, the size of the plant and the characteristics of
the national market. It is only after some years, once the capital costs are at least
partly paid off, that the regeneration activity could be profitable.
a nil or even negative gate fee (between – 10 to – 50 Euros/t) can be reached in the
case of some large plants, although it is not true for all large plants considered. This
is particularly the case in Germany. This situation may be explained by a lower cost
for the processes considered in Germany compared to Italy.
Regarding Italy, the levels of gate fee (positive) obtained are probably representative
of the 2002 situation when the partial tax exemption on lubricant for lubricants
produced from re-refined base oil was suppressed. As a matter of fact, this partial
tax exemption, which represents a gap of 296 Euros/t between both types of base oil
in favour to re-refined base oil, is supposed to allow selling re-refined base oil at
prices higher than those considered here. It is likely that the positive effect of this
partial tax exemption has not been taken into account in the re-refined base oil
selling price.
The implantation of the plant on an existing site, allowing it to benefit from existing
infrastructure, is of course likely to decrease the level of the necessary gate fee, and
in several cases to allow the gate fee to become negative.
For a given plant, the base oil selling price is the most important factor affecting its
used oils gate fees. As a consequence, they are very sensitive to the virgin base oil
price and thus to the crude oil price (and dollar rate; which is now critical, given the
continuous slide of the dollar against the Euro).
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For instance, for the 85 kt TFE + hydro plant considered, the gate fee assessed in
2001 at – 15 Euros per tonne would become positive to + 9 Euros per tonne if the
selling price of the re-refined base oil would decrease by 20%.
On the contrary, a 20% increase of the re-refined base oil selling price would have
the opposite effect on the gate fee of the 80 kt TFE + hydro plant considered,
assessed today at + 21 Euros per tonne: it would become negative to – 20 Euros per
tonne.
And with a 35 to 45% increase of the re-refined base oil selling price, all the plants
assessed in this project would have a negative gate fees (it is possible that this
situation occurs in the future but such a long term assessment base is not
appropriate in the scope of the current project).
In most of the situations assessed where the gate fees are positive, they are lower
than the internal return on finance expected (on the basis of a 10% IRR). This
implies that an actor which would find an interest other than a financial one to invest
in a regeneration plant could accept a reduced used oils gate fees (for instance a
crude oil company for marketing reasons, interesting in improving its corporate
image). This is a matter for a larger strategic decision.
It would have been interesting to draw conclusions regarding the relation between
the expected re-refined base oil quality and the used oils gate fees. But due to the
fact that the economics of regeneration really depends on local circumstances, it is
not possible, from the data gathered in the scope of this project, to isolate the
impact of the expected output quality on the process cost on the one hand on the
revenues on the other hand.
An in-depth analysis combined with an engineering study would be necessary to
bring relevant conclusions on this issue and help to provide answers to the following
questions:
i)
Is the strategy aiming at improving the quality of the output profitable?
ii)
Does the market demand justify extra process costs to produce more
sophisticated products?
We need to now temporarily focus on the differences between new and existing plants as a
guide to the scenarios that will eventually play out in Nigeria, where the existing Lubricant
producers could decide to install a regeneration plant on their current site, and as earlier
mentioned, those who had shown interest, decide to establish new regeneration plants .
Two methodological choices have been made in the calculations which are relevant in the
case of new plants:
•

the depreciation of the capital costs (10 years for the core process equipment and
related expenses and 20% for the non core process equipment and related
expenses),

•

a 10% internal rate of return (IRR).
In the case of existing plants, it is possible to reach lower gate fees compared to
those indicated above for new plants because:

•

all or at least a significant part of the capital costs may be already depreciated,

Sustainabiliti Limited: Feasibility Study for the environmentally sound management of used oil in
Nigeria.

23

•

the most appropriate indicator to assess the profitability of the plant becomes the
margin and not the internal rate of return any more.

This may explain the profitability of the small plants which exist in Europe (for instance in
Germany, in Italy, in Spain). An in-depth analysis would allow us to better understand the
conditions explaining that some plants are profitable whereas similar ones are not.
3.1.5.4

The break even point

According to re-refiners and several authors, the break even point of a regeneration
plant would be between 60 and 80 kt per year. The UK WO Market 2001 Report
mentioned a minimum efficient scale of 75 kt per year.
Actually, the break even point is dependent on the cost and revenues levels, including the
used oils supply cost (gate fees), which are to a great extent influenced by local
circumstances and the crude oil market price level as shown above. It is also different for
each technology. For instance, in 2001:
•
TFE + clay finishing: the break even point was between 50 and 80 kt with a 10%
return on investment and used oils freely delivered to the plant (nil gate fees).
•

TFE + solvent finishing, TFE + hydro-finishing: the break even point was near 90 kt
with a 10% return on investment and used oils freely delivered to the plant (nil gate
fees).

•

TFE + hydro-finishing: with a 7% return on investment and free used oils delivered,
an 80 kt plant could reach the break even point.

•

TDA + hydro-finishing: with a 3% return on investment and free used oils, the break
even point would be around 100 kt.
In any case, unless having captive outlet markets (with more or less fixed re-refined
base oil selling prices), larger plants are more liable to resist huge crude oil price
fluctuations and to maintain a sufficient profitability in the long term. That is why
most of the new regeneration plant projects in Europe concern large plant sizes,
which we recommend for the Nigerian market.

3.1.6 Regeneration and Employment
The number of jobs created by a regeneration plant is of course dependent on its size. It
may reach 55 persons for a 100 kt plant. This number will increase if you include Sales staff.
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3.2

THERMAL CRACKING

3.2.1 Type of used oils eligible for thermal cracking
Thermal cracking can accept various types of hydrocarbon feedstock: Used Oils, waste
marine fuels, deep frying oils and, possibly with design considerations, waste plastics (e.g.
DIY used oils returned in their original container).
3.2.2 Type of outputs produced and markets
The strategy of thermal cracking is to produce high quality products ranging from demetallised heavy fuel oil to re-refined light industrial lube oil, including diesel products. As
described below, thermal cracking offers a big adaptability to the changing market values of
products.
According to the promoters of thermal cracking, the diesel products for instance present the
following advantages:
•
a relative high value compared to other fuels (heavy distillate fuel oils, residual
replacement fuels) derived from used oils by other re-processing technologies,
•
a cleaner burning,
•
as a commodity product, large markets and marketable anywhere in the world.
3.2.3 AVAILABLE PROCESSES
Thermal cracking is a common refinery process that is well known and proven.
The first plant became operational at the end of 2001 in Belgium. The Guascor Group
operates a simple thermal cracking process and mixes all the light and heavy fractions
obtained to feed a thermal engine producing electricity from a 20 kt facility in Spain. But this
process is very specific and differs from those described in this study.
Thermal cracking, visbreaking, catalytic cracking, fluid catalytic cracking, hydrocracking and coking are all variations on the basis of the basic principle of breaking
or cracking the large hydrocarbon molecules (CxHy with 30 carbons) into smaller ones
(CxHy with 10 to 18 carbons) by the application of sufficient heat in a pressurised
vessel. In this fashion, larger molecules of more viscous and less valuable hydrocarbons are converted to less viscous and more valuable liquid fuels. The yield can
reach 70%.
Several processes exist today, such as:
The Springs Oil Conversion, developed by Silver Springs Oil Recovery Inc, Canada.
Two processes are available:
• SOC 1: the de-watering is followed by the thermal cracking performed in fired
heater coils with soaking drums or heated kettles. This process is suitable to small
plants, in the 6 kt to 15 kt/yr range. But it is limited in the feed.
• SOC 2: the de-watering is followed by the thermal cracking performed in an
indirectly fired rotary kiln. It is suitable to large capacities and can process also oils
more refractory to thermal cracking (such as synthetic oils) and higher carbon
residues (bunker fuels).
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The Great Northern Processing Inc. (GNP) technology developed in the United States,
offered under license by Propak Systems Ltd., Canada, and marketed by Par
Excellence Developments, Canada. It uses the used oil thermal cracking process.
This thermal cracking of used oils, utilising ‗refinery calibre‘ systems and equipment, is a
relatively recent development: in 1995-96, this process was successfully re-applied in a 30 kt
commercial operating plant by a US company to produce high quality diesel distillate from a
feedstock of used oils. It is this technology which was installed in Belgium in 2001 where the
40 kt/yr plant is operated by WATCO.
The process consists in a screening and de-watering section, followed by a thermal cracking
section, then a separation or distillation depending on the product slate desired and finally a
purification and stabilisation stage.
This technology is characterised by a large operational and product flexibility and
adaptability to the changing market values of products. It can also be manipulated to
maintain product quality with feed variability. As a matter of fact, the process operational
conditions (temperature, pressure, residence time) can be varied to produce a primary
product (be it heavy fuel oil, diesel or base oil) to be maximised and secondary product
streams (consumed in the process for calorific value or sold) to be minimised.
Example of Outputs under Appropriate Operating Conditions:
Configuration
plant
SOC 1
SOC 2
GNP

of

the Primary product
De-metallised heavy fuel oil
(77%) or Marine gas oil (MGO)
Gas oil (also called diesel fuels,
heating oil, and furnace oil)
(65%)
Re-refined light lube oil (45%)

Secondary products
Naphtha (8%), off-gases (5%),
heavy residues (10%)
Naphtha (15%), off-gases (10%),
heavy residues (10%), light lube
oil (small fraction)
Gas oil (30%), naphtha (10%), off
gases (5%), heavy residues
(10%)

If a configuration for gas oil production is desired, this is the most severe cracking mode
and thus heat input is maximum and throughput is at design capacity. If de-metallised
heavy fuel oil or light lube oil is preferred as the primary product from the plant, the process
operating conditions can be changed to achieve this.
Thermally cracked gas oil is unstable. It will discolour rapidly and precipitate gums and tars.
A stabilisation and purification operation supplementing the thermal cracking can allow to
obtain a gas oil which:
•
is not odorous i.e. no foul smelling,
•
meets regulatory and consumer colour criteria,
•
minimises the formation of gums and tars during storage,
•
is not highly acidic.
Several methods are available, such as:
•
the ROBYSTM process, developed by CANMET Energy Technology Centre (CETC),
Ottawa owned by the Government of Canada and licensed to Par Excellence
Developments (PED), of Sudbury, Ontario; purifies and stabilises reclaimed and
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refined gas oils (diesel). It is designed as an add-on unit to used oil recycling and
petroleum refining operations.
several chemical stabilisation methods (clay absorption, solvent extraction),
the hydro-treatment. But for a stand alone used oils thermal cracking plant, it may
not be feasible due to the very high capital cost and requirement for hydrogen gas.

•
•

It is likely that in order to meet EU requirements for sulphur content in liquid fuels
(automotive and/or heating oil) that the resulting cracked products will require either
treatment for sulphur reduction or will have to be blended away in lower sulphur
product (thereby making use indirectly of someone else's desulphurisation capability).
As the technology was recently developed, prospective investors are adopting a waitand-see policy which explains why thermal cracking has not developed more largely.
3.2.4 Economics of thermal cracking
Thermal cracking is capital consuming: capital costs and fixed operating costs
represent about 80% of the overall cost excluding the cost of purchasing used oils.
Although a thermal cracking plant costs about 33 – 50% of regeneration plant of
similar size such comparison is not necessarily relevant since the outputs produced
are different.
Experts agree that thermal cracking with its lower capital cost allows plants to be
profitable at the 30 kt/yr plant size, more so as no subsidies are necessary.
3.2.5 Cost & Used Oils Gate Fee for a Grass-Root Thermal Cracking Plant
Technology

Plant
grass-root
Capacity kt/yr
40
Capital costs (Million Euros)
11
Cost
135
on which Internal return on finance(1 ) Euros
50
Revenues
/t of
144
Used Oils
Used Oils gate fee
-10
Source
(1)

GEIR 2001 - B

Thermal Cracking
grass-root
50
13
123
46
144

grass-root
80
20
112
44
144

-21

-32

GEIR 2001 – B

GEIR 2001 - B

on the basis of a 15% risk adjusted rate of return on finance

3.3

RE-USE

Two methods exist to reclaim clean industrial lubricants before returning them to the users:
•

laundering: this is a close-loop system especially for hydraulic and cutting used oils.
Solid removal (filtration), de-watering and fresh additives addition allows to return
the oil to its original form again fit for use.

•

reclamation: this is a recycling process especially for hydraulic used oils. These oils
are simply centrifuged and/or filtered and then used, for instance, as mould release
oil or base oil for the production of chain saw oil.
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3.4

GASIFICATION

This Texaco‘s technology has been in world-wide use for a long time in more than 100
plants. It consists in converting the carbon containing materials to synthesis gas (H2 and
CO); thus presents the advantage of accepting mixed wastes, e.g. used oils and plastic
which is particularly interesting in the case of DIY waste oils returned in their original
container.
But because large scale plants are necessary to reach the break-even point, it is not
recommended for treating used oils.
3.5

BURNING AFTER SEVERE RE-PROCESSING

This category of processing aims at separating the combustible used oils portion from the
less desirable bottoms fraction which contains the metals, the non-combustible ash, grit and
dirt. Some chemical treatments exist (acid/clay, solvent extraction, propane extraction, with
no finishing step) as do thermal treatments (Texaco Trailblazer process, Emprotec Vaxon
process.
The de-metallised heavy fuel oil produced (also called heavy distillate) can be burnt as
marine diesel oil (MDO), fuel for heating plants.
3.6

BURNING AFTER MILD RE-PROCESSING

A simple cleaning process, to remove water and sediments (typically, it does not deal with
the heavy metals, halogens and sulphur), is required before further use of used oils as
Replacement Fuel Oil (RFO) in the cases of:
•

road stone plants: re-processed used oils are burned to dry limestone and hard stone
for the manufacture of road surfacing materials. This process is in common use in
Belgium and the UK.

•

fuel blending: re-processed used oils are mixed with other heavy streams into fuel oil,
which may be sold as bunker fuel for road stone plants and power stations.

•

power station: re-processed used oils is utilised in pulverised coal power stations,
mainly as furnace start up fuel, but it is also used sometimes as an addition to the
main fuel where heat input is restricted.

3.6.1 Burning in cement kilns
The cement industry is said to be an energy-intensive industry together with steel,
paper and petrochemical industries. The percentage of energy cost in Portland
cement production cost is 20 to 30% with fuel and electricity representing up to 70%
of variable costs. If the energy cost is reduced, the manufacturing cost is lowered,
resulting in increasing the company‘s profits. Traditionally, cement kilns use a mix of
different sources of energy. In France, the typical mix are:
 Solid fuels 49%
 Coal 9%
 Petroleum coke 40%
 Tar and miscellaneous 20%
 Heavy fuel oil 3%
 Gas 1%
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Secondary liquid fuels (SLF) 27%
WO 9.4%
Other hazardous waste (paints, solvents, cleaning agents) 10.6%
Animal flours 4.5%
Tyres 1.2%
Other non-hazardous industrial waste 1.3%

Because of its relative price advantage over heavy fuel oil and gas oil, the use of SLF
(composed of RFO - Replacement Fuel Oil - such as used oils, paints, solvents and of
industrial waste such as animal flours, tyres) has increased over years, e.g. from 17% in
1996 to 27% in 1999 (3% per year) in France.
About 400 kt of used oils are used as a SLF in cement manufacture in Europe. From a
strategic point of view, used oils represents one of the superior inputs for cement kilns to
the extent that their high calorific value allows cement kilns to mix them with lower calorific
value waste. In a lot of cases, cement kilns have integrated collectors to secure their
supplies.
All national regulations do not allow burning of used oils in cement kiln: used oils are
accepted as cement kiln fuel in France, Germany, Italy and the UK, but seem to be
banned for that use in Denmark, Finland and the Netherlands for instance.
The gate fee that the cement kilns can pay for the used oils is dependent on local
circumstances as well on the international economic conditions:
•
the existence or not of a re-processing step before the burning (as a matter
of fact, the burning of used oils in cement kilns can take place directly after
collection or be preceded by a mild re-processing step),
•
the crude oil prices, which directly affect the price of the traditional fuels the
used oils compete with (the highest the crude oil price is, the highest the
cement kilns can pay for used oils),
When considering Germany, Italy, Spain and the UK in 2001, the used oil purchasing price
paid for by cement kilns varies between 40 and 120 Euros per tonne.
Due to tighter emission limits, the Waste Incineration Directive (WID), which came
into force on the 1st January 2003 for new installations and on the 1st January 2005
for existing installations, will prevent most of the current RFO users (all facilities
except cement kilns and incinerators: road stones plants, industrial furnaces, maybe
power stations) from burning it.
In these circumstances, it is likely that in the countries where these practices are
largely spread (such as the UK), the majority of the RFO will be directed to cement
and lime kilns. These users will thus expect to be paid for accepting used oils (the
three major UK operators expect at least 30 Euros (£20) per tonne, according to the
UK WO Market 2001 report).
Under controlled conditions in cement kilns, the partial replacement of fuel with used oils is
widely applied globally. There are several Cement factories spread all over Nigeria, each
with its kilns, thus making this a viable option for consideration. It is also used as fuel in
stone quarries for stone drying purposes or in asphalt coating plants by road contractors, in
smelters handling iron, lead, tin, and aluminium; and as support fuel in chemical incinerators
in coking plants, in brickworks, electricity generating stations and steam raising boilers.
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Most oil-fired domestic, commercial, industrial or utility boilers can burn used oils. Large
industrial and utility boilers are generally considered to pose relatively low environmental
risks because of their combustion efficiency, use of consistent quality fuel, and in some
cases pollution control devices such as electrostatic precipitators, bag filters, high energy
venturi scrubbers at the Elephant Cement Factory, Ewekoro Plant, tall dispersive chimneys,
and their location often far away from high population densities like the Aladja Steel
Company, Ovwian-Aladja near Warri in Delta State.
The environmental risks associated with burning used oil in any size boiler could be reduced
through the application of comprehensive and integrated management strategies including:
 Pre-treatment of used oil to meet established quality specifications like settling,
centrifugation, vacuum distillation, solvent extraction;
 Dilution of used oil blending with virgin fuels;
 Installation of flue gas emission control devices.
3.6.2

Other direct burning

Burning used oils without any pre-treatment is one disposal option with several different
methods of energy recovery:
•
burning used oils in cement kilns (see above),
•
burning used oils in municipal waste incinerators (used oils is discarded amongst
household waste) or chemical waste incinerators (bulk loads of used oils are
accepted).
Some municipal waste incinerators recover energy for power generation or district heating.
Most of chemical waste incinerators recover energy to be fed back into the operational
energy required for the incinerator itself (replacement of gas or gas oil).
Burning used oils in small space heaters in garages, workshops and greenhouses is illegal in
most of the cases (it is necessary to have a permit to dispose of hazardous waste; almost
none of this type of installations have it and they do not fulfil the emission limit values).
An environmental consultant company, Woodward-Clyde, has modelled the environmental
effects of burning used oil at low temperatures and using it as a dust suppressant in New
Zealand. The modelling uses particular scenarios and particular oil profiles, so the results
apply directly only to those scenarios, though the results can be used to extrapolate for
different scenarios.
The air modelling results show that an oil which conforms to United States Environmental
Protection Agency specification for used oil, burned under specific circumstances, in a
correctly operated burner will not emit air pollutants at levels beyond those specified in the
Ministry for the Environment‘s Ambient Air Quality Guidelines. No assessment of health
effects has been carried out because the effects of burning used oil under these
circumstances are deemed to be within 66 percent of the Ministry‘s guideline values.
These
•
•
•

results do not consider:
the cumulative effects of a number of burners operating under these conditions
the effects when burners are incorrectly operated
the effects when the contaminants in the oil burned exceed the USEPA specifications.

The results of the modelling of road oiling indicate some effects that are unacceptable for
human and environmental health. It is possible that road oiling could be carried out in such
a way that it does not pose a significant risk to either human health or wider environmental
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health. This would require tightly controlled conditions, the most important of which would
be control over the type and level of contaminants in the oil.
3.7

CONCLUSIONS OF THE TECHNICO-ECONOMIC ANALYSIS

3.7.1 Bottlenecks of the regeneration development
Several types of possible bottlenecks, which can exist on a country level can be
distinguished.
There is no major technical bottleneck for regeneration development:
•
the technologies exist globally and can be procured for use in Nigeria subject to
meeting the purchase requirements; moreover,
•
the quality of base stocks produced is comparable to virgin base oils (Group I and
even Group II when a severe hydro- or solvent-treatment is used for the finishing
step).
However, it remains to be seen whether the latest technical advances in regeneration prove
to be sufficiently flexible to handle the changing composition of used oils over the next 10
years and the possible increase of bio-lubricants consumption. This uncertainty generates
risks for investors in regeneration facilities.
The economic bottleneck is obvious.
In most of the cases, a regeneration plant (with a 10% return on investment) is not
economically self sufficient from the beginning, not only when the costs of collecting used
oils and delivery to the plant are included but even when they are not included. It would
need to receive between 10 and 100 Euros for each tonne delivered to the plant, depending
on the technology, the capacity and the market conditions. It is only after some years, once
the capital cost is at least partly paid off, that the regeneration activity can be profitable.
On the contrary, some large plants (but not all according to our analysis), located in
countries where the re-refined base oil can be sold for a good price, can benefit from both
scale advantages and high revenues, allowing them to purchase the used oils, but at a
relatively low price, between 15 to sometimes 50 Euros/t.
The table below shows operating costs based on an Interline unit processing 27,000 tonnes
per year (24,000 gallons per day) of used oil. The labor cost is based on two operators
working 24 hours/day, 7 days/week (2 persons x 4 shift system = 8 operators). The labor
cost is fixed and is therefore lower for units with greater capacity and higher for units with
lower capacity. The costs do not include a clay finishing step. The Interline process is used
in Australia, United Kingdom, Spain, South Korea and the USA.
Operating costs per tonne of distillate:
Labor and payroll burden

$16.33

Electrical

$2.20

Fuel

$5.44

Carrier

$1.64

Pre-treatment

$3.18

Maintenance

$9.01

Water treatment

$1.49

Total

$39.29
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BOSKEL, a Port Harcourt based private company, has locally developed an appropriate low
cost Pilot thermal process technology for used oil recycling that produces Kerosene and
Diesel.
The equipment costs =N=18 million and produces 100 litres per hour. Five operators and
one Supervisor per shift are required for this process (6 persons x 4 shifts = 24 persons)
In all the cases, the revenues of a regeneration plant are extremely sensible to the crude
oil price fluctuations.
The used oils supplies often represent another bottleneck.
Under free economic conditions, a regeneration plant is often unable to compete with
untreated or re-processed combustion of used oils (except in the case of some large plants
with favourable local conditions).
Even when the gate fee is negative, first the price that the plant can pay is not high enough
to cover the overall collection and delivery costs (between 25 and 100 Euros/t depending on
the country when compiling the 2001 GEIR data and the Coopers & Lybrand Economics of
WO regeneration data in 1995). Secondly, the regeneration plants suffer from the
competition with industrial sectors buying the used oils for an energetic use, such as cement
kilns, brick kilns, power plants.
•

As a matter of fact, due to the structure of their cost and the price of the fuels that
the used oils substitute, these companies are able to buy the collected used oils
often at a higher price than the regeneration plants (e.g. between 40 to 120 Euros
per tonne when considering Italy, Germany and Spain). As a consequence, the
market can often not guarantee the regularity of the supply of a regeneration plant.
The situation may be improved a little bit for the regeneration activity when the new
Directive on Incineration is implemented (in 2003 for new plants and 2005 for old
plants), forbidding the burning of used oils in many plants which are currently using
used oils as fuels and thus decreasing the financial interest of plants designed to
burn used oils directly.

•

The vertical concentrations from collectors to processors which exist in some
countries can create shortage of raw materials for regenerators because integrated
companies would prefer to sell to cement kilns or other user oils energetic users
which offer higher prices (in particular in the case of crude oil price increase).
As for the outlet, a lot of potential users of re-refined base oils, in the automotive or
industrial sector, are still reluctant to use recycled products.

Besides, the size of the automotive lubricants is shrinking in a context of over-capacity of
lubricant production and the demand progressively displaces from conventional mineralbased auto lubricants to ‗synthetic‘ products with high performances. These tendencies are
unfavourable to the increase of the re-refined base oils demand under free market
conditions.
In any case, in this context of an increase of the quality required for lubricants, large
regeneration plants will have to produce high quality re-refined base oil, even if niches will
still absorb small quantities of lower quality.
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3.7.2

Possible measures to stimulate regeneration

To promote regeneration, it will be necessary to assist the regenerators with incentives
(non- financial in all cases and sometimes financial too). Specific measures and
arrangements have also to be taken by the regenerator himself. All these measures aim at
diminishing the risk profile of investment in regeneration projects by guaranteeing the
existence and durability of the supply and outlets and, when the gate fee is positive, by
covering it. No spontaneous investment will occur unless clear signals regarding these issues
are given to investors.
A set of measures and incentives is presented below, classified according to:
• the issue they are addressing: the supplies, the outlets and the profitability,
• the effect which is expected: to secure the feedstock, to secure the outlets, to cover a
positive gate fee
3.7.3

•
•
•

•

Possible Measures related to the Supplies

Securing feedstock supplies to regeneration plant on which depends the profitability of
the invested capital as it makes the use of available regeneration capacity as much as
possible include:
Medium or long term used oils supply contracts and voluntary agreements between
collectors and the regeneration plant.
Equity participation by collectors in the regeneration activity.
Application of the Excise Duty on the used oils that are used as fuel without prior
regeneration and treatment.
Decreasing the used oil gate fee for regenerators include:
Collection and delivery costs covered, at least partly, by a disposal charge paid by
generators/holders, a product charge on sold lubricants. This measure is necessary
also to improve the used oils collection rate. Regeneration could then benefit from it.
A subsidy from governmental bodies, though useful is not recommended as it is
subject to abuse.
Supplying regeneration plants with regenerable used oils to increase the quality of the
outputs including segregated storage and collection.

Germany has handled the problem raised by the used oils composition becoming more
complex by obliging holders and collectors to a segregated storage and collection.
Beyond the difficulty to enforce that obligation, the economic side effect has to be
mentioned: this might oblige to duplicate the collection networks and vehicles
3.7.4

•
•
•

Possible Measures related to the Outlets

Securing the outlets and if possible to lighten the effect of the crude oil price fluctuations
such as:
Marketing strategy of the regenerator to define the appropriate positioning of its
products on the market (e.g. the distinction between products sold below the market
price and those at the market price).
Medium or long term voluntary agreements between the regeneration plant and lube
producers or large lube users.
Financial incentives for blenders and lubricant manufacturers to purchase specified
re-refined base oils.
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The side effect of subsidies to deal with the poor market perceptions of re-refined base oil is
that it reinforces the signal that the product is inferior, whereas re-refined base oil can reach
the same quality as virgin base oil.
Impose or at least encourage the use of lubricants containing or manufactured with rerefined base oils including public procurement.
3.7.5

Possible Measures related to the Profitability

Obtaining economies of scale and thus decrease the used oil gate fee such as
stimulation of co-operation between the African countries through collaboration of the
BCRCs‘ subject to the Trans-boundary regulations on Hazardous Waste by the Basel
Convention.
Increasing the revenues of re-refined base oil (selling price) and thus to decrease the
used oils gate fee such as exemption of tax on sold lubricants (if any) for lubricants
produced from re-refined base oil.
Covering the residual positive used oils gate fee of the regeneration plant (if any) include
subsidies from a product charge on sold lubricants, a disposal charge paid by
generators/holders, governmental bodies.
The financial measures aiming at guaranteeing the profitability of the regeneration plants
could, in some cases, be temporary; for example, until capital costs are at least partly paid
off.
4

ENVIRONMENTAL FEASIBILITY

Although some of the reuse and recycling techniques are technically sound, the costs
involved in the re-refining process and combustion of used oils can be very high. In this
regard, source reduction should be seen as a primary objective in a strategy for hazardous
waste management. The economics of the reuse and recycling of used oils as a preferred
option must be critically examined before considering final disposal. Re-refining may not
provide an adequate return on investment thus; viable and ecological sound alternatives
should be investigated before considering final disposal options.
The direct burning of used oil in conventional combustion devices can create serious
pollution problems and although this can be reduced by fitting pollution abatement
equipment, in most cases this is not very practicable as was the case at Universal Steels
Company, Ogba-Ikeja, Lagos State which was closed down by FEPA.
The burning in specially designed waste incinerators can diminish these problems, though
the process is very expensive, particularly if they do not provide for energy recovery as in
the case of LAWMA owned Waste Incinerators in Lagos State.
Criteria to be considered in identifying suitable and acceptable reuse and recycling options
before deciding on which treatment technology to select include:
 The extent to which used oil can be treated to obtain specific products;
 Potential of harm to human health and environment;
 Economic balance and market opportunities;
 Transport requirements/costs;
 Location of treatment facilities;
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processing of the hazardous waste contaminants and by-products of the process
itself;
Worker safety.

Questions relating to the appropriateness of certain treatment technology are a function of
the regulations, availability of facilities, their location, the market mechanism as dictated by
competitive uses of the products. Experienced professionals and waste managers are
required to critically assess the various factors before deciding to select a preferred recycling
or reuse option. The contaminants and environmental/health risks associated will ultimately
limit the number of acceptable reuse or recycling options of used oils.
The availability, or otherwise, of waste management resources (collection, storage, transport
and treatment) will restrict the selection of environmentally sound disposal options including
blending, segregation, gravity separation, strategic storage for the preparation of optimal
feed stock blend.
Economic viability which will be affected by transport costs, end uses, pollution abatement
investment; social acceptability considerations as well as regulations would form part of the
analytical procedure. Regulations and other economic instruments would need to be
developed and implemented to assist in sustaining the market.
As stated earlier, the basic criteria for the selection of environmentally sound reuse or
recycling options of used oils should be based on the under listed considerations:
 Upstream feedstock upstream quality: degree and nature of contamination and
environmental/health risks associated with handling and processing, volumes and
types.
 Treatment processes for getting appropriate quality feedstock for downstream
industries or users, impacts on resource conservation, percentage of the product
recovered, energy savings.
 Impacts of treatment processes on public health and environmental media.
 Final disposal of the end-of-the-pipe output of treatment processes in the framework
of environmentally sound management of hazardous wastes.
 Economics (economic viability/sustainable market and commercial feasibility; product
value).
 Technology and techniques in terms of treatment capacity, feedstock capability and
their potential impacts on the environment.
 Location of existing or planned facilities.
 Infrastructure for clean and efficient collection, storage, and transport of used oils.
 Public perception.
 Legislation i.e. on air emissions.
 Socio-economic benefits i.e. employment opportunities.
 Knowledge of cases or processes which have gone wrong in the past.
 Availability of cleaner production methods and clean technologies.
In addition to the above, the following elements must be taken into consideration: site
selection, design standards for facilities, training of operators of the facility, environmental
assessment, operation/discharge standards, monitoring and control, emergency and
contingency plans, records and record keeping, decommission, history of management
practices, the preferred management methods for a particular waste stream, regulatory
instruments, compliance with technical standards, enforcement requirements.
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Provision should be made for
a) an assessment of the environmental soundness of affordable technologies,
b) ensuring the existence of an adequate system for analysis, monitoring and
assessment of performance of the management infrastructure design to cope
efficiently with the waste.
4.1

HUMAN HEALTH EFFECTS

The contaminants in used oil can induce a variety of illnesses and diseases in humans and
other mammals through inhalation, ingestion or skin contact. Observed effects include lipid
pneumonia, lipid granuloma in the lung, eczematous and contact dermatitis, folliculitis, oil
acne, and melanosis. Used oil can induce cancer, principally squamous cell cancer of the
skin and scrotum, bladder and liver cancer. These effects can be attributed largely to the
presence of PAHs in used oil; benzene, toluene, and chlorinated solvents can also contribute
to this toxicity.
PAHs are formed by incomplete combustion of organic matter, such as oils. Seven PAHs
have been classified as probable human carcinogens. PAHs are generally rapidly absorbed
upon inhalation, ingestion or exposure through the skin.
Heavy metals tend to concentrate in the environment (e.g., in plants, animals and aquatic
species), and humans may come into contact with them, causing a wide range of illnesses
such as cancer, anaemia, skin ulcerations and cardiovascular disease. Considerable concern
about the health effects of lead is the cause of the plans to it being phased out of petroleum.
As lead levels in petrol have declined to trace amounts (in OECD countries), so too have the
quantities usually found in used lubricating oil. Particularly harmful metals that remain, to
varying degrees; in used oil include arsenic, cadmium and chromium.
Particulates produced by burning used oil can aggravate and cause respiratory problems,
and can result in the loss of lung function, loss of ability to resist infection, and death.
Sulphur dioxide and nitrogen dioxide are also produced by burning used oil, and can have
serious adverse respiratory effects.
Combustion of fuel containing carbon and chlorine can produce a wide range of organochlorine compounds. These can include 17 dioxins and furans, which pose a risk to human
and environmental health. Toxic responses include skin toxicity, immuno-toxicity,
carcinogenicity, and adverse effects on reproduction, development and endocrine functions.
Polychlorinated biphenyls (PCBs) are principally found in used transformer oils, from NEPA
operations. Although the incidence of PCBs in used oil is low, the health effects from
exposure are very serious.
PCBs are highly persistent and can accumulate to high levels in human tissue. This can
cause serious health effects, including liver damage, respiratory problems, cancer promotion,
endocrine disruption and neurotoxicity.
4.2

ECOTOXIC EFFECTS

Animals and aquatic organisms will share some of the human health effects caused by used
oil contaminants. Observed effects include acute toxicity in aquatic organisms as a result of
poisoning by arsenic, cadmium, chromium and zinc; acute toxicity in fish, and tumours,
caused by mixtures of PAHs; and a range of illnesses affecting fertility, reproduction, the
immune system and growth caused by PCBs and dioxins.
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For some substances found in used oil, such as mercury, PCBs and organochlorines, the
main issue of concern when released into the environment is not their short-term toxic
effect but the risks associated with their bioaccumulation in organisms and the potential for
secondary poisoning.
Oil contaminants also have a range of properties poisonous to plants. Heavy metals, such as
cadmium, arsenic and chromium have been shown to cause direct toxicity to plants.
Deterioration of foliage and plant growth are caused by nitrogen dioxide and sulphur dioxide,
as well as physical smothering by oil or by the particulates generated by the burning of oil.9
Oil floating on the top of water can prevent the penetration of oxygen i into water, adversely
affecting aquatic life.
4.3

MANAGEMENT ISSUES

In the process of investigating the management of used oil, a number of issues have arisen.
Some of these are addressed in this paper, while others require further work and
consultation with relevant parties.
We believe the key characteristics of an effective used oil management system are:
•
maximum recovery of used oil, within the bounds of economic, environmental and
practical feasibility
•
safe and environmentally sound methods of used oil collection, processing, reuse and
disposal
•
clearly defined roles and responsibilities for those involved in used oil management
•
a level playing field in the markets for used oil.
4.4

PRINCIPLES

There are a number of principles that can assist in assigning responsibility for waste
products. Relevant principles are as follows:
•
Polluter pays. This principle is self-evident, but it is not always clear who the
‗polluter‘ is (manufacturer, importer, retailer or end user) or what they should pay for.
It is appropriate for end users to pay for the disposal of some forms of waste, but
applying user charges to high-risk wastes may be less appropriate. To reduce the
risk of illegal disposal, a levy further up the customer chain might be a better way of
funding disposal.
•

Extended producer responsibility. This principle requires manufacturers to take
a lifecycle approach to their products. For example, they can ensure that
components are recyclable, made from renewable materials, and/or can be taken
back for dismantling at the end of their life. It is difficult to apply this principle across
countries, as recycling and take-back systems differ, and any legislative base for
these systems is not enforceable outside the country of origin. In this case, the
‗producer‘ responsibility could be taken by the importer.

•

Stewardship. This is a relatively new term, which we take to impose a duty of safe
care on those producing, retailing and using environmentally harmful products. The
nature of the duty may vary according to the operator; those at the production end
who know the environmental risks have a responsibility to ensure that appropriate
information is passed down the chain, including provision of information about
disposal. End users are responsible for seeking out safe disposal routes.
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Responsibility for collection and recovery networks may be a matter of negotiation,
but should be organised at the most practical point in the chain. The costs of
stewardship will usually be built into the final cost of the product, signalling the
environmental cost of the item to the end user.
In our view, stewardship is the most useful principle to apply to products such as used oil.
It implies that any or all of those in a chain of production and use can be expected to take
responsibility appropriate for that point in the chain.
4.5

MODELS FOR USED OIL RECOVERY

4.5.1 Compulsory take-back scheme, British Columbia
The British Columbian Return of Used Oil Lubricating Oil Regulation 1992 requires that
retailers selling lubricating oil to consumers (do-it-yourselfers) provide them with a takeback service at no charge. This may be at the point of sale, or may be through a third party
within a certain radius, and information about the take-back must be provided at the point
of sale. Used oil from commercial sites is not covered by the regulations, as a longestablished collection service is provided to commercial operators by the State refinery.
British Columbia estimates its recovery rate to be about 80 percent. Competition between
retailers ensures that the take-back scheme is partially self-policing, but the Government
acknowledges that it needs to ensure that enforcement measures are prompt and fair. It is
up to the companies to decide whether the costs of the scheme are passed on or absorbed
within the business. Similar schemes operate in other western Canadian states.
Germany and Austria also require collection facilities at the point of sale. Austria goes
further and prohibits the sale of oil in quantities of between one and 24 litres. The aim is to
restrict the handling of oil by home mechanics.
4.5.2 Voluntary levy scheme, South Africa
In South Africa used oil recovery is managed by the Rose Foundation, a non-profit company
owned by all the oil companies, and funded through a voluntary levy on oil sales. The
Foundation was established in 1994 with the participation of eight major oil companies. All
17 significant suppliers of lubricating oil are now members.
Through contractors, the Foundation undertakes the full range of oil recovery activities:
education of the public and operators, provision of storage tanks, organisation of the
transport and storage network, the development of quality standards, and supply to
approved recyclers. The Foundation aims to add value to the used oil, while still meeting
necessary environmental standards. Preference is given, therefore, to the recycling
processes judged to provide the highest environmental return.
The Foundation collected 29 million litres in 1996/97, and 36 million litres, or 70 percent of
all lubricating oil available for collection in South Africa, in 1998/99. The Foundation
operates without any Government involvement.
4.5.3 Compulsory levy scheme, Australia
The Commonwealth Government in Australia is currently legislating to set up a levy scheme
for the recovery of used oil as part of a comprehensive stewardship programme for used oil.
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4.6

TRACKING AND MONITORING THE RECOVERY RATE FOR USED OIL

Good information is the basis for good policy making. Currently, information is hard to come
by, causing difficulties in policy making. To be clear about the impact of used oil in Nigeria
we need better data on the destinations of used oil in Nigeria. At present we cannot account
for the used oils in Nigeria as we do not know how much of the uncollected oil is being
burned or spread on roads, or disposed of through land filling, tipping into drains or other
undesirable practices. No recovery scheme can be effective if the other nine million litres
remains ‗missing‘.
5

RECOMMENDATIONS AND CONCLUSIONS

We believe that these recommendations will deal with many of the management and
handling issues for the used oil that are currently unaccounted for. While we have the
theoretical nucleus of a good recovery network for used oil, a number of improvements are
necessary. We will be seeking to work with all the oil companies over the next few months
about options for development.
Used oil recovery raises a number of issues:
•

Should we be continuing to rely on a voluntary scheme, or should we be
recommending to the Government that used oil recovery be regulated in one form or
another? If regulated, how?

•

Should we look towards a comprehensive levy-based scheme, through which the end
user ultimately funds the full range of services from information and education
through transport and supply, or a take-back scheme based on retailer
responsibility?

•

Where should responsibility for education and information about used oil lie?

•

Should we have a national scheme or set standards under which local arrangements
in the States can be developed to meet local market needs?

•

How can we best monitor the recovery rate of used oil?

5.1

Options for Managing the Effects of Used Oil

Previous chapters have outlined a range of issues related to the recovery and use of used oil.
Likely solutions to collection issues were discussed in Chapter 3. Potential solutions for
managing the effects of used oil on human health and the environment are outlined here.
They include placing controls on inputs or on outputs.
Stakeholders of the Nigerian environment have expressed a strong wish for national
clarification and consistency in the management of the effects of used oil. We are also
aware that positions have been formed on the basis of assumptions about the
environmental impacts of used oil. The research recently undertaken by Woodward-Clyde
has provided firmer information on which decisions can be based. In the options we propose
here, we are looking for a balance between consistency and clarity on the one hand, and
excessive control on the other.
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5.2

POLICY TOOLS

5.2.1 Input controls
Input controls influence outcomes such as the cleanliness of air, by controlling what goes
into or is used in a process. Controls on the quality of fuel to be burned, or the type of
burner used, are examples of input controls.
5.2.1.1 Oil specifications
Oil specifications can be used to describe the quality, or specify the maximum levels of
particular contaminants, in oil. Setting specifications does not preclude the setting of other
controls that must be complied with when using the oil.
A fuel specification provides a high degree of certainty. If there is certainty over what goes
into a disposal option, and the process is operated and maintained correctly, the operator
can be fairly sure of the content of the emissions. The ‗cleaner‘ the oil being recycled, the
cleaner the emissions. In the case of road oiling, an oil specification would be set to ensure
that contaminant levels are never high enough to do damage to human health or the
environment. The specifications for burning and road oiling could be the same or different,
depending on the contaminants of concern. Specifications are unlikely to apply to high
temperature burners if they are subject to their own site-specific consent conditions.
5.2.1.2 Accreditation/Certifying burners
Accreditation or certification is a means by which companies demonstrate that their products
meet specified standards on an ongoing basis. It generally involves registration with an
independent organisation, a rigorous initial review of systems and standards, and ongoing
regular audits or reviews.
The accreditation of used oil reprocessors is an option for backing up an oil specification.
More broadly, accreditation could provide some assurance that the reprocessing itself has
met acceptable environmental standards, and that sound practices are in place for the
disposal of sludges. The accrediting body could be the regulating authorities – FMENV. DPR,
and SON. Accreditation would not do away with the need for close controls on emissions in
heavily populated and highly sensitive environments, and where large quantities of oil are
recycled.
The specified standard should be a National standard, which removes ambiguities between
States. The standard must be such that water content, heavy metals and organics would be
minimised and the flashpoint controlled to protect human and wider environmental health.
The costs of accreditation would be borne by the processor, but much of that cost would
probably be passed on to the customer. This would raise the cost of used oil, reflecting the
human and environmental costs imposed by those using dirty oil. Accrediting oil processors
would be a lot cheaper and easier than individual oil users having to prove that their oil is
processed to the required specification.
5.2.1.3

Rules/Regulations

Rules in plans are used to provide direction and certainty in areas where control is required,
and one rule can be applied to all those wishing to carry out a certain activity. This avoids or
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reduces costs for both the potential applicant and the State/Local Government council. Rules
could specify the conditions under which used oil can be recycled or reused, including the
acceptable contaminant level in used oil. Getting oil only from an accredited or licensed
processor could become one of the conditions that allow people, in some cases, to utilise
used oil without seeking a resource consent.
Controls on other aspects of an activity can also affect environmental outcomes. Rules
concerning acceptable conditions for burning could include:
•
correct maintenance and operation of burners to ensure maximum combustion
•
controls on both the size of the burner and the volume of oil burned.
Industry Codes of Practice and collection protocols need to be established and enforced by
all operators in conjunction with the regulators. There are also monitoring and enforcement
costs associated with input controls. These are, however, likely to be less expensive than
some output controls.
5.2.2 Output controls
In the case of burning, output controls include pollution control equipment attached to
burners, and monitoring of emissions and ash disposal. Large-volume burners of any fuel
should be required to have pollution control equipment in place, and many also have to
monitor their emissions, as the potential effects if something goes wrong are deemed to be
high.
The likely control for small used-oil burners would be a specified maximum contaminant
emission from burners. This would require those burning used oil to test their air emissions
to ensure they don‘t exceed stated levels. This is likely to be less effective and more
expensive than the input controls described above. Testing air emissions is more difficult
and more expensive than testing a batch of oil, and if emissions do exceed stated levels,
some damage may already have been done before the burner can be stopped. For smaller
burners, the cost of output controls is likely to negate the financial benefit of burning used
oil over other fuels.
Output controls for ash disposal would seek to direct how, and possibly where, ash could be
disposed of safely.
For road oiling, the output control is also likely to require testing, but in this case it would be
to ensure that levels of contaminants in soil, plants, water, and perhaps in residents, do not
exceed safe levels. Again, this would involve additional expense, and damage may be done
before the oiling can be stopped.
5.2.2.1

Setting National Environmental standards

National environmental standards can be promulgated by the Minister for the Environment
under Section of the FEPA Act. They typically specify a level of environmental quality that
should be met to protect and maintain the environment and people‘s health. Standards will
most often be part of a broader government management strategy to address a particular
environmental issue. National Environmental standards are binding on States and Local
councils. States and Local Councils may develop rules that are more stringent if appropriate
for local conditions.
National Environmental standards are an appropriate tool for use when:
•
the effects are of national significance
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•
•

a high degree of certainty is required to control environmental effects, i.e., where
the effects are serious, and/or where the risk of effects occurring is high
where current control structures have proved inadequate to control the effects.

5.2.2.2

Setting National Guidelines

National guidelines are another means of providing national consistency, while providing
scope for local variation. The Ministry has issued guidelines for a number of areas of
environmental quality. Guidelines recommend the attainment of specified criteria in order to
protect defined environmental values and uses. Guidelines may also explain the resource
management options that are available to consent authorities.
Guidelines have no legal status. They may be translated into standards by local authorities
and some may be translated into codes of practice by industry groups. If the Ministry were
to issue guidelines for used oil relating to burning and recovery, it would be with the
expectation that States & Local councils would use them in writing plans. States and Local
councils could set fuel specifications and/or acceptable emission levels for particular
contaminants, either in rules, or as a condition for resource consent. Industry groups, such
as the Automobile Technicians Federation or oil processors, could also adopt the
specifications to demonstrate best industry practice.
If the option of fuel specifications in national standards or guidelines is chosen, debate is
necessary to establish the acceptable level of contaminants in the oil. States and Local
councils will still have to assess the likely contribution of burning used oil to ambient air
quality in their region. Some burners may, accordingly, still require resource consents,
especially if they are burning large quantities of used oil. National Guidelines are appropriate
where:
•
the issue is of national importance
•
a high degree of certainty is required to control environmental effects, i.e., where
the effects are serious, and/or where the risk of effects occurring is high
•
where current control structures have proved inadequate to control the effects, but
where effects differ at regional or local level, and some flexibility can be applied to
local circumstances.
5.2.2.3

The National Perspective

Tensions could arise between local and national interests in relation to used oil and also
applies to questions about consistent environmental rules versus the need to account for
local circumstances. Individual practices usually fall well within the relevant air and water
quality standards, but cumulatively the high levels of contaminants in used oil compared
with other fuels is cause for concern. Given the millions of litres of oil being burned at low
temperature, and the unknown quantity spread on roads each year, the cumulative amounts
of contaminants going into the environment are significant.
5.2.2.4 Establishment of a Collection System
The collection system is the cornerstone of a used oil management programme. The more
convenient and accessible the collection, the more used oil will be returned for
environmentally sound disposal. The two basic collection programmes are (1) at kerb-side,
either as a regular part of trash and garbage collection, or as part of pickups for recyclable
materials; and (2) at central collection stations. Global experience has shown that kerbside
collection is the more convenient, and thus the more effective method.
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In view of its critical role to the success of a used oil management system, we are
recommending that a nationwide Pilot study be undertaken to prepare a template for kerbside collection system to avoid it going the way of solid waste collection in urban and rural
Nigeria. This study should dwell on the possibility of existence of economies of scope with
respect to other recovery and disposal problems – such as car batteries, used tyres, glass
plastics, aluminium and paper. While these issues are outside the scope of this report, it
seems likely that an investigation into these similar problems may yield similar insights with
similar conclusions, creating opportunities for spreading the fixed costs associated with a
dedicated waste recovery and disposal system. A typical used oil collection system is
depicted in the following diagram.

5.2.3 Doing nothing
This option would leave all decisions over controlling the environmental effects of used oil
with Local councils and State authorities, as is currently the case. This would mean that
Local councils and State authorities would continue to make their own rules about burning
used oil and road oiling.
As previously noted, there is a range of rules in plans which cover used oil, and some plans
don‘t mention it at all. The research into the environmental effects of used oil provides
sufficient concern about the potential effects of uncontrolled use of used oil that we do not
favour this option. The ‗no change‘ option is appropriate where:
•
the environmental effects are not serious, and
•
current control structures are adequate to control any actual or potential effects.
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Appendix 1: Description of the Main Regeneration Technologies
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Appendix 2: Waste Oil Gate Fee for a Grass-Root Regeneration Plant
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Appendix 3: Solvent Treatment System – Process Flow Diagram
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Appendix 3: Solvent Treatment System – Piping and Instrumentation Diagram
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Appendix 5:
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