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Company of Lubricants on a temporal model over the 1980-2017 periods. Indeed,

we demonstrate that the policy maker using capital and labor is essential to raise
the industrial gross domestic product for this manufacturing sector by producing
secondary materials and improving research activity. Our results imply that there
is a great relationship among these variable, as a consequence of the benefits for
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ECM: Error Correction Model; TCL: Tunisian Company of
Lubricants; NEPA: National Environmental Protection Agency;
NWMA: National Waste Management Agency; IDEA: Institute
for Democracy and Electoral Assistance; VA: Value Added; PAI:
Promotion Agency for Industry; NIS: National Institute of Statistics

GDP: Gross Domestic Product; ADF: Augmented Dickey-Fuller;
KPSS:  Kwiatkowski-Phillips- Schmidt-Shin; SFP: Secondary
Finished Products; GETS: General-to-Specific; OLS: Ordinary Least
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Introduction

The Conference on Environment and Development which was
held in Rio meeting in 1992 focused on the high risks of hazardous
waste. These issues have become even more pressing worldwide.
As a consequence, governments should urge waste minimization
and increased recycling as strategies towards a sound waste
treatment.

According to the 2015 Hazardous Waste Report, it must regulate
the management of this category of waste in order to protect
energy and other resources from discarded materials. The Waste
hazardous management occurs internationally. Yet, the research
in the developing countries like Africa and especially North Africa
seems very scarce.

Citation: Amor LB, Hammami S (2019)
Refining Used Lube Oil and Industrial
Gross Domestic Product Nexus in Tunisia
Company of Lubricants. Environ Toxicol
Stud J Vol.3 No. 1:1

In order to analyze the impact of labor, capital and Secondary
finished products on Industrial Gross Domestic Product pollution,
we decided to develop an empirical study on Tunisian Company
of Lubricants (TCL). Indeed, this company plays a central role in
reducing waste generation and creating an employment through
local action plans and policies via technical, institutional, policy
and financial measures. Also, it is engines of economic growth
and social change incorporating the determinant factors, which
improve to increase the rate of regenerating for used lube oil
in TCL [1]. Subsequently, it will be interesting to investigate
the relation cited above on city scale. Empirically, the relation
between Gross Domestic Product and economic indicators is not
sufficiently studied at the empirical level. This paper proposes to
make a contribution to the existing literature by examining the
impact of principal factors on GDP for Company of Lubricants in
Tunisia Country, which is the only establishment that regenerates
the used lube oil during the 1980- 2017 period using econometric
techniques. Specifically, we contribute to the literature in four
ways. First, we build a very comprehensive data base of GDP, and
Economical factors consisting on Tunisian Company of Lubricants
over the period 1980-2017. Second, the use of economic
factors which can be seen as new in the literature focused on
the relation between GDP and factors relating recycling waste.
Third, we use different factors which are also new; in most of
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the studies interested on environmental effects of refining used
lube oil, the Secondary Finished Products (SFP) is used as proxy of
output for Tunisian Company of Lubricants. Finally, we examine
the dynamic relation among our endogenous series (GDP, labor
and capital factors, also secondary finished products) using the
approach of cointegration and the Error Correction Model (ECM)
as methodology.

Hence, the present paper analyzes the relationship between
economic growth and essential factors for recycling sector. There
is a cointegration technique and causal relation in long and short
- run by using the Error Correction Model (ECM).An interesting
case study along this paper is Tunisia which has begun to pay
greater attention to the environment-related norms like waste
hazardous treatment, in part as consequence of its insertion
into the world economy meeting certain environmental norms
through building treatment centers on this category of waste.

In this sense, the hazardous waste such as the used lube oil
represents a main advantage for the Tunisian Company of
Lubricants (TCL) because it can be reinstated in the processes of
production. In addition, it serves as a “secondary raw material”
through the introduction of a new product on the market with a
new feature. Thus, in this study we will look at the issues of used
lube oil re-refining, energy saving and economic growth related
to the Tunisian context.

The main objective of this paper is to examine the relationship
between industrial gross domestic product, labor, capital and
finished products on temporal model of Tunisian Company of
Lubricants over 1980-2017 periods. We used an Error Correction
Term (ECM) approach initiated by Engle and Granger [2]. We
introduced the function of Cobb-Douglas production framework
in order to determine the causal links between these variable
disposed previously.

In the face of these incentives, we are prompted to pollute less,
to sort out the hazardous waste and to treat it. In order to renew
the life cycle of the waste, it consists in analyzing the valuation
networks, in particular as the recycling sector, through the
introduction of a new product on the market with a new feature.

Hence, for this research, we will be looking at these lines
surrounding waste recycling, energy conservation, and economic
development as they are related to the case of our country,
Tunisia. In this study, we want to answer the following questions:

» What are the determinant factors that are responsible for
the success of Industrial gross domestic produced covered
by the Tunisian Company of Lubricants.

» How do these factors contribute to the development of
this society.

» To what extent do these factors affect the economic
growth in Tunisia and the production of this regeneration
industry.

In order to answer these questions, we fixed an ideal framework
to analyze this subject in both its scope and effectiveness. As
consequently, we subdivided this study into four sections. The
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first gives an overview of the Tunisian Company of Lubricants
for re-refining used lube oil in Tunisia. Section two presents the
literature review. The third section provides the empirical model’s
specification, the estimation technique; and the empirical analysis
of the regression results. The conclusion and policy implications
are introduced in the last section.

An Overview of Re-Refining used Lube
Oil in Economy of Tunisia

Lubricating oils, like many consumer products have a short shelf
life. Accordingly, they are found as hazardous waste. Faced with
the wide geographic dispersion of the lubricating oil deposit,
the multiplicity of oil owners and the dangers oil poses to the
environment and to the health of individuals, the Tunisian
legislature enacted, in April 2002, the 2002-693 Decree which
establishes the conditions and procedures for recovering the
lubricating oil and the used oil filters as well as their management.

Before the publication of this decree, many advances have been
made in the management of waste oils since the creation of the
Tunisian Company of Lubricants in 1979, which provides both
the collection and regeneration of waste oils. Precisely, this
establishment is only responsible at refining of used lube oil.
The unit of used lube oil regeneration in the Tunisian Company
of Lubricants has been working since 1980. It was originally
designed by an acid-earth process. This method has been proved
as unsatisfactory from an environmental point of view due to the
accumulation of used oils and acid tar on the plant site, which
could not be disposed of or processed. In this context, Guemara
[3] indicated that the Tunisian Company of Lubricants has begun
the research since the early 90s and has managed to develop
a new technology for regenerating oils waste using a simpler
technical configuration reconciling the environment with the
economy.

In addition, the study of Bouaoun [4] implies that the waste
management and recycling program for used lube oil in Tunisia
deemed to be one of the most successful state-level programs in
this country considering the local government investments and
public participation.

Hence, Tunisia began a state-wide recycling effort in 1997
after the adoption of a legislation based on the NEPA (National
Environmental Protection Agency) and NWMA (National Waste
Management Agency) recommendations, under the supervision
of the Ministry of Environment and Sustainable Development.
The legislation provides state funding for waste reduction,
recycling program management and household hazardous or
domestic waste management.

The NWMA data base compiles data from annual surveys of
waste management and recycling in all the country. The NWMA
survey is administered by the Tunisian Pollution Control Agency
and is completed by county solid waste officers.

The survey helps the researcher to collect information on
generated Municipal Solid Waste (MSW), materials collected for
recycling, a solid waste collection system, recycling programs and
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management, waste and recycling revenue and expenditure,
source reduction programs and other MSW policy initiatives.

To be in compliance with the settled line of conduct, namely the
environmental protection, the Tunisian Company of Lubricants
leads at present a local follow-up study to confirm the already
released conclusions related to the non-nuisance of the
environment by using the bottom of the pipe of distillation as an
additive for asphalt and to determine the instructions for using
this product within the reach of all the contractors.

After the laboratory trials and the pioneering phase, this
technology has been successfully tested in the existing facility,
which has also undergone some changes by incorporating
some new equipment. Since its creation, and in anticipation
of the future, the Tunisian Company of Lubricants is dedicated
to protecting the environment by tackling a waste which is
considered to be very harmful due to the complexity of its
constituents.

The Institute For Democracy and Electoral Assistance (IDEA) of
Tunisia [5], shows that this society produces four qualities of
fats under various NLGI ranks, meeting the requirements of its
customers consisting essentially of multinational companies
operating in the petroleum industry. These four qualities of fats
are as follows:

» A calcic fat based on Calcium soap which suits in any
lubrication in little bit harsh conditions.

» A multi-service fat based on soap made up of mixed
Lithium / calcium or pure Lithium, which suits in greasing
all the workings of machines in normal conditions of load
and speed.

» ASuperstabil EP fat based on complex Lithium soap, which
benefits from the most recent technical developments in
lubricating fats. It suits greasing almost all the machine
workings in an interval of temperature between -20°C and
+130°C.

» An Akron EP fat based on complex Lithium soap. It is
particularly anticorrosive and of exceptional stable thanks
to its high doping level. It is essentially adapted to the
greasing of materials used in difficult conditions such
as shocks, vibrations, corrosive atmosphere and strong
loads.

In addition to manufacturing fats, the refining of the used lube oil
brings out two products: The first one is used as an additive for
asphalt without any nuisance on the environment, and the second
one is assimilated into commercial diesel oil. The new process
of regeneration provides no effluent harm to the environment.
Taking 2001 as an example, 12 016 tons, out of collected 13054
tons, were treated producing 7024 tons of distillates.

Thus, the modern conditions of treatment, as they are practiced
today, allow obtaining regenerated acceptable-quality oil,
without environmental harmfulness. Indeed, this regeneration
can take the way of new oil, like nowadays, or the form of an
obligation for the producers of oil to incorporate a certain
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percentage of refining used lube oil. Hence, there is cooperation
between the Tunisian Company of Lubricants and multinationals
at the leading edge of innovation has greatly contributed to
developing the enterprise spirit of research that has hitherto
been directed towards the survival of the regeneration activity.

This cultural heritage has already yielded its fruit since the
Tunisian Company of Lubricants could develop a new balancing
method between the environmental and economic aspects and
would be responsible for boosting the regeneration activity
which has also undergone a total slackening internationally in
the recent decades.

Thus, thanks to the expertise of its staff, the company has been
able to control and treat problems related to collecting, storing
and recycling waste oils. Therefore, the company has confirmed
that regeneration is the most viable way because it happens at
competitive prices for quality products designed mainly for the
oil sector.

We show that re-refining of used lube oil, produced by TLC
(Tunisian Company of Lubricants) is an economically attractive
recycling method in terms of energy saving, environment
protection, and economic prosperity.

We notice (see the graphic below) that the added value given
by this company is characterized by a very moderate rise during
1980-2000, a temporal stability during 2000- 2001, and a fast
growth since 2003.This dynamic is mainly explained by the
following factors:

» Amortization of production and collection equipment;

» The sale price of new lubricating oil has extremely
developed. This development is linked to the increase in
oil prices;

» Establishing a special levy (eco-tax) deducted from used
lubricating oil in conditions corresponding to the rules
related to environmental protection;

» The system of collection and treatment is in the phase of
maturity (minimize losses and waste).

Accordingly, the implementation of eco-lubricants aims to
confide to the oil producers the responsibility of collecting and
eliminating the used lubricants, on the basis of a voluntary
financing.

Source: Constructed by the authors based upon the annual
data of the Tunisia Company of Lubricants and the Ministry of
Industry, Energy and Mining.

Literature Review

In this section, we have treated the corresponding research
studies on our subject. We have noted that the literature
concerning a relation between waste recycling and economic
growth has greatly developed by the neoclassical theorists within
the framework of “endogenous growth”. In spite of agreement
reached confirming the existence of the relationship between
these two variables, the consensus in favor has already been
discussed.
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We have taken an empirical level including three cases examine
the relationship between waste recycling and economic growth.
The first case indicates that waste recycling has affected positively
the economic growth in many countries. This scene was greatly
justified through this empirical work concerning Tunisian, as
developing country, in which Tunisian Company of Lubricants can
be an effective process of refining used lube oil, creating job for
unemployed people and providing economic prosperity as whole
(Figures 1 and 2).

Not only Tunisia in which we have found the significant effect of
waste recycling on economic growth, but also another developing
countries like as China [6-9]. This is also applies to developed
countries in the case of European Union and Unites States of
America [10-18], concerning Canada. Besides, we have found
some economic institutions [19-21], that has demonstrated the
significant impact of waste recycling on growth rate.

The second view suggests that the two processes “economic
growth and waste are recycling” have to go together and
complement each other. Through the recycling, the waste is
transformed into a finished product and could be considered in
optimistic input on production function. As consequently, this
object promotes the economic growth by selling it in the market.
This idea was supported on the following studies [22-25]. It is
greater to recycle, greater to produce secondary materials from
waste and greater to increase the economic growth as whole
Kamien et al. [26].

Hence et al. [27], have proved that this positive relationship
has been sighted in industrialized nations also, for Jones and
Williams, [28] and has continued to build on the years 2000 until
now [29,30]. This panorama of waste recycling was inspired
by developing countries like Tunisia since 1979 by creating
for Tunisian Company of Lubricants, which is a most example
for refining, used lube oil. Other developing nations that have
adopted waste management to contribute their economic
growth such as China (CIA), Mexico (Corral-Verdugo) [31,32].

Finally, the last vision indicates that there has been decoupling
between waste recycling and economic growth. This examination
has been observed by Mazzanti and Zaboli in the case of European
Union, Wrap concerning England, Scotland, Wales and Northern
Ireland, Seungtaek Lee et al. [33-35] regarding United States.
Also, this observation has been analysed by Priya and Pavitra, in
the case of India, Abdelkader and Olfa concerning Tunisia and
Abdullahi et al., regarding Nigeria [36-38].

Econometric Methodology and Results

Data and description of variables

In this paper, we are interested only in the Tunisian Company
of Lubricants because it constitutes the only unity responsible at
the refining of used lube oil in Tunisia.

In this study, the data are collected from five different sources:
The National Waste Management Agency (NWMA), The National
Environmental Protection Agency (NEPA), and The Promotion
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Agency for Industry (PAI), The National Institute of Statistics
(INS), and the Ministry of Industry, Energy, and Mining, data base
in Tunisia. These variables are defined in the Table 1.

The development indicator chosen in this study is the industrial
GDP specific to Tunisian Company of Lubricants. This indicator
is calculated according to the sum of the value added by this
company in millions of Tunisian dinars at current prices for the
period between 1980 and 2017.

Figure 1 Representation of Tunisian Company of Lubricants.
Source: The Tunisian Company of Lubricants (1999).
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Figure2 Evolution ofthe Industrial Gross Domestic Product for
TCL. Source: Constructed by the authors based upon
the annual data of the Tunisia Company of Lubricants

\\ and the Ministry of Industry, Energy and Mining. j

Table 1: Definition of variables.

Variable Definition

GDP The sum of added value for refining used lube oil
of Tunisian Company of Lubricants (TLC)
K The stock of capital used by this society
L The quantity of labor used by this company
SFP The secondary finished products

4 This article is available from: http://www.imedpub.com/environmental-toxicology-studies-journal/
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By highlighting the determinants of refined used lube oil, we
will process the model which describes the sum of clear added
value for refining used lube oil in function of capital, labor and
secondary finished products.

Based on these data, we have developed a temporal model with
37 observations and the linear econometric specification of the
company’s refining used lube oil function is specified as follows:

GDP, = F(K, H, (SFP))+ &, oo 1

Empirical methodology on temporal model

Temporal unit root tests: We define the temporal series that are
a continuation of numerical values representing the evolution of
a specific quantity in time. Such variables can be mathematically
expressed to analyze the behavior, generally to understand
its past evolution and to plan the future behavior. Such a
mathematical transposition uses most of the time concepts of
probability and statistics. The object of the temporal series is to
study the evolution of variables in time. Its main objective is to
represent the determination of trends within these series as well
as the stability of the values and their variation in time.

Generally, to estimate our model we begin our analysis with the
implementation of the temporal unit root tests such as ADF and
KPSS, to check the instability of the variables in our model. Yet,
we noticed that the gross domestic product is not stable just
as the possible explanatory variables, which are the stocks of
capital and labor (see the Table 2 below). This leads to utilizing
the econometrics of the unstable variables.

Econometric Modeling and Main
Results

To facilitate the estimation of this empirical part in which we
would to determine the relationship between the industrial gross
domestic product and the explanatory variables (labor, capital and
secondary products), we could use the Cobb-Douglas production
function introducing labor and capital as the main factors of
production. In addition, this function is called “Cobb-Douglas”
which established the relationship between the production and
the contribution of capital (K) both labor (L), also the secondary
finished products. In this context, we prove that this function was
appeared on the neoclassical endogenous growth model which
considered the waste of recycling have been optimistic variable.
Indeed, this input could increase the function of production [39].

More recently, Abdouli and Hammami [40], included energy in
their empirical model to determine the effect of this variable on
economic growth. As result, they found that this factor contribute
the growth rate in Tunisia.

In this present research, we are on roughly the same axis
about energy. We are interested to explain the dynamics of
the industrial gross domestic product brought up by Tunisian
Company of Lubricants within the framework of energy
conservation et not consumption. Thus, we begin by specifying
the theoretical model. Based on the neo-classic optics, we can
write the following specification:

© Under License of Creative Commons Attribution 3.0 License
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Table 2: ADF and KPSS Tests.

ADF in ADF in first KPSS in

level

KPSS in first
difference

level form difference

GDP (Gross Domestic , 5, 455 065 0.25
Product)
K (Stock of Capital) 0.06 -3.56 0.64 0.05
L (Quantity of Labor) -0.57 -1.25 0.66 0.28
SFP (Secondary
Finished Products) 0.85 >-54 0.75 0.17
GDP ="K /' L"*SFP"e" |t =1980 — 2017 - 2

While referring to the theoretical base of production function,
the exhibitors ( B1, B2, B3 ) that have affected the explanatory
variables (K,L,SFP), are the elasticity of production relative to
these variables and their sum is equal to 1. And, "e" represents
the dimensional coefficient that depends on used units of

measurement.

As consequently, we try to demonstrate how the used lube oil
refining as input effects the chronological dynamic with the main
factors as capital and labor affect the industrial gross domestic
product as output of Tunisian Company of Lubricants.

Highlighting this idea, we utilized the academic and rigorous
method Error Correction Term (ECM) testing approach to examine
the long and short-run co integration relationship between the
two proxies of industrial gross domestic product and labor, capital
and finished products considered as the principal factors of
production function. The ECM modeling methodology originally
was developed by Granger [41] and later expanded upon by
Engle [2]. The ECM approach allows to avoiding the problem of
“fallacious regression” in comparison to other methods.

Hence, the application of the procedure of Engle and Granger [2],
in first step, has allowed us to bring out the following long-term
relation:

Log GDP=2.67+0.579 logK +4.95log L, +0.789 log SFP___ (3)

Based on this above relationship, we have concluded that the
residues released are stable, which allows us to assign about a
long-term relation of the added value emerged from Tunisian
Company of Lubricants.

Economically, the obtained results seem to be in agreement
with the economic logic because the long-term elasticity of labor
is clearly more important than that of capital. The long-term
elasticity of the EM is very important, which indicates that the
refining of used lube oil in secondary products and their sale
strongly influence the added value of this society.

In second step, the theorem of the representation of Engle and
Granger establishes equivalence between the existence of a long-
term relation and a correction-error model. Thus, we can specify
the following short- run relation in which the Error Correction
Model (ECM) of the Industrial gross domestic product of Tunisian
Company of Lubricants:

3 3
AlogGDP, =3"" B ,AlogGDP_,+Y " B, AlogGDP_, +
3 3
> ByAlogGDP_ +% " B, AlogGDP_, + pECT, ,+U,/t=1980 2017  (4)

5
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Where IGDP is the log of industrial GDP, Et is the white noise
error term, and A is the first difference operator. The industrial
GDP was collected from the Promotion Industry of Tunis and
the National Institute of Statistics of Tunis. This indicator was
calculated from the sum of added value for extracting and re-
refining Petrol and Gas industry in millions of Tunisian dinars
at current prices for the period between 1980 and 2017. Also,
with reference to the Ministry of Industry, Energy and Mining,
the added value for re-refining used lube oil covered by Tunisian
company of Lubricants represents 0.5% of added value for sector
of gas extraction and oil refining.

The explanatory variables are labor (L), capital (K) and secondary
materials (EM). These indicators are collected from the Tunisian
Company of Lubricants and the Promotion Industry of Tunis
for the same period (1980-2017). The Tunisian Company of
Lubricants (TCL) is included in the sector of extracting and refining
petrol. In addition, the non-manufacturing subsectors which are
considered in Tunisia are: Mine, Petroleum and Gas Extraction
and Refining, Electricity Production, Water Production, Building
and Civil Engineering.

In the last step of estimation, we have applied the GETS procedure
of Hendry [42-47] and the estimation of the equation above by
OLS has given us the following econometric result:

Alog GDP, = 0.56Alog GDP._,+7.24Alog K,~5.12Alog K, ,+
(2.14) (2.0) (6.76)

9.05Alog L, ,—7.14Alog L, ,+0.15Alog SFP—0.55ECT,_, /t =1980 — 2017 (5)
(7.96) (-3.69) (-0.71) (-4.97)

The estimation of the equation of the Gross Domestic Product
(GDP) in first difference reveals short-run and long-run effects.
The short-term elasticity of the GDP compared to the stock of
capital is (2.12=7.24-5.12) higher than the long-term one (0.579),
which is not the case for the stock of labor where the short-term
elasticity (2.91=9.05-7.14) is lower than the long- term one (4.95).
Also, in a short period the elasticity of the GDP with respect to
the secondary finished products is weaker than in a long period.
What is interesting to interpret is the speed of adjustment or the
recalling force in the equilibrium of the variations of the added
value total of Tunisian Company of Lubricants.

On average, these variations are corrected with a 55% rate.
Econometrically, the short-term elasticity is statistically significant
with the exception of that affected by the variable of secondary
finished products.

Finally, we found that the value of Durbin and Watson indicates
the non-existence of an auto-correlation problem, which enables
concluding the efficiency of estimators.

Conclusion and Policy Implications

In this study, we examined the links between industrial gross
domestic product, labor and capital for Tunisian Company
of Lubricants which is responsible at refining of used lube oil
and derived some implications. The operational relationship
analyzed previously is effective for synthetic explicating the
long and short-run dependent relationship between used lube
oil refining and gross domestic product. This explanation based
on the implications will assign it more precise this functional
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relationship between the main factors for production as capital
both labor and used lube generated.

The main findings showed that the re-refined used lube oil
raises the income of the TCL (Tunisian Company of Lubricants)
considered, given an example of a parameter configuration
in which the GDP (Gross Domestic Product) for this industry
raises especially as secondary materials which are considered.
Hence, our model predicts that the TCL augment used lube oil
was refining to improve his income in particular, and welfare of
Tunisia, in general, by producing and selling secondary materials
to several markets. Indeed, we can affirm that the greater is the
existence of labor and capital, as two principal factors, devoted
to oil recycling, the lower is the dynamics of used lube oil
accumulation and the greater will be a number of secondary
materials produced. Concluding, re-refining can be an effective
tool in the TCL for reducing waste generation, creating job and
promoting economic growth of Tunisia. Hence, policy makers
must consider the importance of the recycling sector and must
give priority to the different process of the oil lube recycling as it
has a significant impact on the value added improving in the TCL
and can lead to more sustainable development for both of the
manufacturing industrial sector and Tunisia as a whole.

From this perspective, the integration of the re-refined lube oil in
the production process will need a complementary collaboration
between R&D and technology, which requires a dynamic vision
of the TCL in the future research activity. Further issues will
be the estimation of our model with the data that will contain
the “Technology Stock” as a new variable. In fact, as we show,
the available technology of oil recycling will reduce the use of
exhaustible resources.
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