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Abstract

This study is focused on analyzing the linkage between carbon dioxide (CO,) emissions, renewable energy consumption
(RE), foreign direct investment (FDI), national patents (NP), exports (X), imports (M), and gross domestic product (GDP)
in Tunisia by using the time series data from 1980 to 2017. A unit root test and an autoregressive distributed lag (ARDL)
model were applied to avoid bias caused by data mismatch and autocorrelation of time series data. Elasticity long-run test
shows that renewable energy consumption, exports, and gross domestic product have a positive impact on CO, emissions,
while foreign direct investment acts negatively on CO, emissions. Depending on the error correction term test, there is a
long-run causality: from CO, emissions, renewable energy, foreign direct investment, exports, and gross domestic product
to home patent. Findings of the short-run causality show that there is a unidirectional causality running from exports to CO,
emissions and from exports to gross domestic product. Our results also show that Tunisia should encourage foreign direct

investment because it seems to be an important factor in the mitigation of CO, emissions.

Keywords CO, emissions - Renewable energy - Foreign direct investment - Tunisian Patents - ARDL model

JEL classifications F21 - 032 - 055 - Q42 - K32

Introduction

According to the World Data Atlas (2020), Tunisia’s CO,
emissions are rising at a 4.31% yearly rate, and it climbed
from 4.2 to 32.1 million tonnes from 1970 to 2019. It also

Responsible Editor: Roula Inglesi-Lotz

< Sahbi Farhani
sahbi.farhani @isffs.u-sousse.tn
Sana Ghorbal

sanaghorbal @ymail.com

Slim Ben Youssef
slim.benyoussef @ gnet.tn

L' Institute of the High Commercial Studies Carthage (IHEC
Carthage), University of Carthage, Tunis, Tunisia

2 QUARG UR17ES26, ESCT, Campus University
of Manouba, 2010 Manouba, Tunisia

Higher Institute of Finance and Taxation of Sousse (ISFFS),
University of Sousse, Sousse, Tunisia

Higher School of Commerce of Tunis (ESCT), University
of Manouba, Manouba, Tunisia

@ Springer

represents the largest contributor to the total GHG emis-
sions in Tunisia, accounting for nearly 98.3% (Cherni and
Essaber-Jouini 2017). Tunisia is one of the Mediterranean
regions most vulnerable to climate change (World Energy
Council 2019), as its energy system is highly dependent on
natural gas and oil imports (Schmidt et al. 2017; Banacloche
et al. 2020).

In 2015, the United Nations General Assembly estab-
lished the sustainable development goals (SDGs), with
the aim of achieving them by 2030. Featuring 17 objec-
tives and 169 targets, the SDGs offer new opportunities for
member countries to address global development challenges
(Rusydiana et al. 2021). Energy presents the seventh goal,
and it ultimately seeks to ensure that each country will be
able to expand international cooperation to improve access
to clean energy research and technologies (Kumar and Jan
2014). Also, it enhances investment in clean energy infra-
structure and technology development to provide develop-
ing countries with advanced and sustainable energy utilities
(Gamoori et al. 2017; Saudi et al. 2019).

Therefore, it is necessary for Tunisia to move from an
economy based on fossil fuels to an economy based on clean
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energies. As a result, the country has opted to push forward
with the energy transition, focusing on two key elements:
energy efficiency and renewable energy (Ministry of Envi-
ronment and Sustainable Development 2015; Banacloche
et al. 2020).

Tunisia covers about 97% of its electrical requirements
from gas and oil. The government spent over 150 billion
euro on energy subsidies in 2015. At the same time, there is
now an ecological and economical alternative for producing
electricity, given the constantly falling costs of photovoltaic
(PV) systems. Although the geographical conditions are
extremely favorable, the PV capacity installed at present is
only 35 MW. A higher level of PV systems requires higher
private and public investment. This will necessitate a more
beneficial legal and administrative environment, client-ori-
ented services offered by the private sector, and policies to
ensure market growth in deprived areas (Beerfeltz 2013).

The Government of Tunisia lately initiated the Tunisian
Renewable Program (TRP), which aims to raise the propor-
tion of renewables in the country’s energy package to 30%
by 2030. It is a transformative and unparalleled phenom-
enon. The TRP must be reached in three stages: 1.28 GW of
wind and solar capacity should be put into service by 2020,
an extra 1.25 GW between 2021 and 2025, and an additional
1.25 GW between 2026 and 2030. This large size of renew-
able energy (RE) will make a decisive contribution to coun-
ter the regression of the country’s energy self-sufficiency
and to minimize the carbon imprint of electricity production
(World Bank 2019).

During the previous 3 years, Tunisia has developed its
inputs and outputs of innovation. It succeeded to improve
its score in terms of innovation inputs, by winning 5 ranks
compared to 2016 and reaching 77th place in 2018. Innova-
tion outputs place 63rd this year, with an increase of 8 places
from 2017 and 21 places from 2016. Tunisia ranks 55th in
the efficiency ratio of innovation, increasing from 65th in
2017 and 86th in 2016. Compared to its global GII place
(66th), Tunisia ranks strongly in this ratio, due to a greater
position in terms of innovation outputs (63rd) in comparison
to inputs (77th) (WIPO 2018).

The International Property Rights Index (IPRI) score of
Tunisia raised from 0.045 to 5.142, ranking it 11th in the
Middle East and North Africa (MENA) region and 77th in
the world.The degree of the intellectual property rights sub-
index in Tunisia jumped from 0.018 to 4.659; this leads to
impact the achievement of intellectual property protection
level with 4.777, the patent registration level with 6.50 for,
and finally the copyright safeguard level with 2.70 (IPRI
2019).

Tunisia’s foreign direct investment (FDI) flows decreased
by 9.6% to reach 2,479 MDT in 2019: 17.7% of all external
medium and long-term financing and 2.2% of gross domestic
product (GDP) (compared to 23.4% and 2.6%, respectively,

in 2018). Therefore, it is important to note that the recovery
of foreign direct investment flows to their past rates depends
on the implementation of several reforms aimed at enhancing
the business environment to restore confidence among inter-
national investors and support the attractiveness of Tunisia’s
location. Besides, foreign direct investment flows, except
for the energy sector, involved 603 investment transactions,
contributing to the creation of 14,353 new jobs in 2019. This
includes 126 new projects and 477 extension ones for values
of 209 MDT and 1361 MDT respectively. Exports of goods
and services fell sharply in current terms (10.4% compared
to 20.5% in the preceding year) and declined marginally in
constant terms (0.9% compared to 4.1%). Especially, exports
of goods, which grew by 7% in terms of current values and
declined by 5% in constant prices, were severely impacted
by low foreign demand, mostly from the euro area, which
had a negative impact on manufacturing sectors. Exports
were likewise affected by the impact of the sharp decline
in olive oil production, combined with problems in the fuel
and phosphate segments. Nonetheless, this tendency was
partially mitigated by increased revenues from services,
especially tourism, which grew by 35.9% in current terms
and by 27.6% without the exchange rate adjustment (Central
Bank of Tunisia 2020).

In recent decades, developed countries have become over-
whelmingly dependent on imports from developing ones,
raising concerns about trade’s environmental implications.
Higher demand for imports in wealthy economies definitely
boosts exports from developing nations; however, emissions
do not have to scale in lockstep with exports if national sales
or emissions levels change endogenously with external
demand (Barrows and Ollivier 2021).

For the last few decades, politicians, economists, and the
public have been worried about globalization’s environmen-
tal implications. The main concern is that free trade will
promote a transfer of production to developing economies,
which have lax environmental rules and inefficient produc-
tion (Antweiler et al. 2001; Copeland and Taylor 2004; Fran-
kel and Rose 2005; Levinson 2009). The increase in exports
by developing states over the past few years reinforces this
concern, particularly in the context of stalled global cli-
mate change negotiations and the delay by governments in
regulating greenhouse gas (GHG) emissions (Barrows and
Ollivier 2021). In addition, exports are employed to high-
light the importance of global trade in a national economy;
it affects a national’s carbon emissions (Piaggio et al. 2017;
Hu et al. 2018; Cheng et al. 2019).

To the extent of our knowledge, there is no work that
investigates this link between CO, emissions, renewable
energy, foreign direct investment, national patents, and gross
domestic product in Tunisia. To fill this gap, this paper stud-
ies this link with introducing exports and imports during the
period 1980-2017. The contribution of this paper compared
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to the previous literature is that CO2 emissions is a function
of national patents, exports, renewable energy, gross domes-
tic product, and foreign direct investment. The topic is very
interesting, and it is related with the current environmental
studies issues.

This article is organized as follows. “Literature review”
section investigates the literature review. “Data and descrip-
tive statistics” section is concerned with the data and
descriptive statistics. Methodology and results are presented
in “Methodology and results” section. Finally, conclusion
and recommendations are mentioned in “Conclusion and
recommendations” section.

Literature review
The context of CO, emissions

First, there is important to mention that Tunisia approved
the protocol of Kyoto in 2003, to decrease GHG emissions
(Farhani et al. 2014). According to Cherni and Essaber-
Jouini (2017), energy consumption is the principal reason
for environmental pollution in Tunisia, because about 97%
of consumptions of primary energy belong to gas and oil
that generate CO, emissions in the environment. Since 2001,
Tunisia moved to the status of net energy importer because
the national energy production is in stagnancy while the
energy consumption is increasing. The energy processing
industry, transports, tertiary, manufacturing industry, and
agriculture are the principal sources of GHG emissions. In
Tunisia, CO, emissions represent 98.3% of the total emis-
sions; CH, emissions account for 1.1% and 0.6% for N,O.
Recently, Tunisia attempts to solve problems of energy
and the environment and to use renewable energy that can
decrease CO, emissions and promote sustainable develop-
ment. Farooq et al. (2019) studied the relationship between
greenhouse gas emission and health issues. Results of the
quantile regression show the positive link between these
two variables. Ghazouani et al. (2020) studied the impact
of carbon tax reforms on CO, emissions in European coun-
tries. They found that carbon tax improve the environmental
quality by mitigating CO, emissions. Examining 30 Chinese
provinces during the period 2004-2015, Sarwar et al. (2019)
find that industrialization, oil use, and coal use increase
CO, emissions. In his study, Shahzad (2020) found that the
energy consumption for economic activities increase the
CO, emissions.

The context of research and development
The research and development (R&D) is one of the main

characteristics of the evolution and development of coun-
tries. Leahy and Neary (2007) investigated the theoretical

@ Springer

implication of poof suggesting that R&D that directly con-
tributes to profitability raises the absorptive capacity of a
firm. Their results showed that expensive absorption may
increase the effectiveness of own R&D but it decreases the
effective spillover coefficient, which enfeebles the encour-
agement of research joint venture. Moreover, this result
involves an additional strategic pay-off to policies that
increase the level of extra-industry knowledge. Hammer-
schmidt (2009) studied the hypothesis of absorptive capac-
ity in a model by endogenizing the spillovers. His results
showed that when the spillovers parameter is superior, firms
will invest more to promote absorptive capacity. Fershtman
and Markovich (2010) examined the effect of licensing
arrangements, patents, and imitation on the rapidity of firm
value, consumers’ surplus, and innovation by using a race
model of two firms that have asymmetric ability R&D mul-
tistage. Their results showed that when the patent protection
regime is fragile, free imitation of any intermediate technol-
ogy will be easy to do, which can produce a higher consumer
surplus than a regime that confers a patent for final innova-
tion. Amir et al. (2008) investigated the economic forms of
R&D cost functions when the inventive output is imperfectly
appropriate. The main basis is that investment in R&D ought
to generate more reduction in costs when it is specified to
one lab rather than two independent labs functioned under
natural spillovers. When there are input spillovers, this pos-
tulate is widely persuaded. Nevertheless, if there are out-
put spillovers, it is not the status for R&D technologies that
have declining returns to scale. Wiethaus (2005) studied
the endogenous determination of R&D appropriability via
the R&D approaches adopted by the firm. Approaches of
identical broad R&D tried to maximize absorptive capacity
and to bind companies with their environmental R&D. But
that is not the case when idiosyncratic R&D approaches is
adopted; this because that competing firm favors identical
R&D approaches to attend goals mentioned above.

El E]j (2012) examined the impact of external and inter-
nal elements of companies on the innovation in Tunisia,
which can change by the modification of characteristics of
the firms, like the opening of capital to external firms. In this
study, he used a sample of 543 industrial companies. His
findings showed that the major factors of innovation perfor-
mance of Tunisian companies are the technological skills
of companies, resulting from internal R&D and innovation
efforts and cooperation. His results also indicated that com-
panies with raised exportation and important external capi-
tal participation innovate less than companies with partially
exportation and small external capital share. Therefore, gov-
ernors should make a new strategy of foreign direct invest-
ment regarding their technological content and their effect
on the internal R&D training system and innovation. Kriaa
and Karray (2010) used a sample of 320 Tunisian companies
between 2002 and 2005, to study factors of R&D investment
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in these firms, by analyzing the correlation between firms’
innovation effort and R&D expenditures. Their findings
exhibited that there is a positive effect of R&D activities
experience in innovation and public subsidies and human
capital quality on innovation probability of companies,
but the structure of ownership acts negatively. Whereas,
results show that there are spillover effects only for innovat-
ing companies and which has absorptive capacity. Besides,
they found that R&D expenditures can be well explained by
acquisition channels for external technologies. The owner-
ship system acts significantly on R&D investment, particu-
larly for foreign-controlled companies. There is a positive
impact on innovating companies and negative impacts on
non-innovating ones. In the same line, using a survey for
years 2002, 2003, and 2004, Koouba et al. (2010) clarified
the cause that some companies decide to innovate; how-
ever, some others do not. Results of the exploratory tentative
logistic regression showed that the relationship between the
innovation-decision with the market structure and the com-
panies’ size, which are traditional elements of innovation, is
inverted. Also, they found that public incentives and skills of
workers did not have any impact on the innovation-decision
in Tunisian companies. Zouari and Zouari-Hadiji (2015)
used a sample of 95 Tunisian companies in 2006 and 2007
to study the correlation link between company performance
and the structure of the ownership. Their findings exhibited
that the level of innovation of companies had a significant
impact on the correlation between the concentration of own-
ership with managerial ownership and with the performance
of the firm.

CO, emissions and R&D

Concerning the relation between R&D and pollution, Grover
(2017) studies the causes of the decrease of industrial R&D
spending to abating pollution in the USA over 1973-1998.
Results of the industry-level panel data showed that the
decrease was engendered a little part by policy design
changes and spillovers from other industry pollution abate-
ment R&D substituting for R&D spending in the focal sec-
tor. Lee et al. (2015) studied the environmental R&D and its
link with climate change and international environmental
agreement. To this aim, they used a sample of 362 com-
panies from 2003 to 2010 using a fixed effect model for
estimation. Their results showed that the firm value declines
constantly by carbon emissions. Besides, they showed that
the market taxes firms when they have negative environmen-
tal performance more than having a positive one. They also
note that efforts made by firms to conform to international
environment agreements will not hamper their performance.
Ouchida and Goto (2016) study the environmental R&D for-
mation by a new method. Also, they investigate four types
of environmental R&D in a Cournot duopoly where the

regulator did not impose from before an emission tax. The
four environmental R&D are environmental research joint
venture (ERJV), environmental R&D competition, environ-
mental R&D, and ERJV competition. They found that, in
the case of a weak environmental damage or the case of a
serious environmental damage, environmental costs are very
inefficient, and then the ERJV frame is socially higher than
the other three cases. While, when there is serious envi-
ronmental damage and R&D costs adopted by the firm are
limited, so social welfare is upper than the three others.

CO, emissions and innovation

Fernandez Fernindez et al. (2018) examine the impact
of innovation on CO, emission. Sample used is the USA,
EU (15), and China from 1990 to 2013. They found that,
in developed countries, R&D expenditures decrease CO,
emissions. Also, there is a relationship between CO, emis-
sions and energy consumption, so when a growth in energy
consumption will rise CO, emissions. Therefore, this work
wants to realize a separation between these two variables.
So, R&D expenditures can be considered as the key of sus-
tainable development and not only of the economic growth.
Apergis et al. (2013) investigate the relationship between
CO, emissions and R&D expenditures in companies of 3
European countries (the UK, France, and Germany) over
the period 1998-2011 before and after the compulsory adop-
tion of International Financial Reporting Standards (IFRS).
Results of the threshold autoregressive model showed that
after the compulsory adopting of IFRS, R&D expenditures
decrease CO, emissions in companies. This is probably by
dint of the application of incentives of new regime.

CO, emissions and renewable energy

Nowadays, renewable energy became a primordial subject.
Tobben (2017) showed that electricity generation from
renewable sources had low positive effects on industries,
but a large drain on domestic revenue and declining distribu-
tional consequences. Nevertheless, spending on new capac-
ity can eventually turn these negative effects into a positive
path for the majority of households. Talbi et al. (2020) exam-
ined the impact of gross domestic product, electricity price,
and urbanization on the residential electricity in Tunisia
from 1980 to 2018 using ARDL approach. Their results of
the long-run elasticity showed that urbanization and electric-
ity price act positively on the residential electricity. How-
ever, the gross domestic product presented an insignificant
and negative impact on the residential electricity. Dogan and
Seker (2016) examined the impact of real income, renew-
able and non-renewable energies, and trade openness on
CO, emissions in the European Union between 1980 and
2012. Findings of the dynamic ordinary least squares proved
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that non-renewables lead to higher CO, emissions whereas
renewables and trade reduce carbon emissions. According
to the Dumitrescu-Hurlin non-causality approach, there is
unidirectional causality from trade openness to CO, emis-
sions, from real income to carbon emissions and from CO,
emissions to non-renewables, and a bi-directional causal-
ity between carbon emissions and renewables. Dogan et al.
(2021) examined the impact of renewable energy, popula-
tion growth, economic progress, and economic complex-
ity on carbon emissions in 28 OECD economies from 1990
to 2014. Their results of alternative panel data techniques
showed that renewable energy and economic complex-
ity have negative impacts on CO, emissions. Fatima et al.
(2021) use the GMM, random effects, fixed effects, regres-
sion models, and panel causality techniques to study the
impact of renewable energy and increased income on CO,
emissions. They found that an income rise may moderate the
relationship between renewable energy and CO, emissions.
In addition, their results showed that increased income may
cause environmental pollution. In their study and applying
GMM, FGLS, FMOLS, and DOLS approaches, Shahzad
et al. (2020) found that in the newly industrialized coun-
tries from 1971 to 2014, export diversification, extensive
and intensive margin decrease the energy use. In addition,
they found that urbanization, economic growth, and natural
resources act positively on energy consumption.

Studying the case of Tunisia and using ARDL approach
and Granger causality test, Ghorbal et al. (2021) found that
trade and foreign direct investment have a negative impact
on renewable energy while home patents have a positive
impact on it.

The context of patents

The patent is the most vigorous intellectual property rights.
Prud’homme (2017) examined how the strategic sequencing
of patent regimes for utility models over time is intended to
support technological development via fixed effects regres-
sions. His findings indicated that laggards in East Asia set up
less rigorous utility model patent systems less suited to the
early economic catch-up stages, presumably to assist tech-
nological learning. Thereafter, the stringency of the regimes
improved as knowledge build-up and, to some degree, tech-
nological abilities rose and, in the case of mainland China in
particular, as issues of patent quality was encountered. There
is also evidence that in the short term, more rigorous utility
model patent regimes can decrease the number of patents,
but not in the long term. In the same context, Choung et al.
(2014) examined the varied pathways of innovation activity
and highlight key features in the transition period of emerg-
ing countries. For this reason, they identified three types of
innovation activities: the strengthening of the process, archi-
tectural, and radical innovations. They noted that each path
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of innovation activity in the transition period of the devel-
oping countries needs appropriate institutional structures, a
different capacity base, and different interactions between
innovation participants to ease the passage from imitator
to innovator. Also, Cai et al. (2020) investigated the huge
rise in foreign patent requests in China. They assessed the
assumptions of market coverage and the threat to competi-
tion based on industry data from 19 regions and countries
from 1985 to 2009. They found that the demand for foreign
patents in China relies on the patent decision of competing
countries, the market decision, and the patent system refor-
mation in China.

According to the study of Wang et al. (2012), home pat-
ents of carbon-free energy technologies have a significant
impact on the reduction of CO, emissions in eastern China.
For them, home patents (or national patents) have been used
as a proxy of innovation. More precisely and during the
period 1980-2014, they found for ten nations that renew-
able energy, gross domestic product, non-renewable energy
production, urbanization, and export quality increase CO,
emissions, while renewable energy supply reduces it. And,
for the main complex economies, the quality of exports and
renewable energy mitigate CO, emissions, whereas, urban-
ization and non-renewable energy increase it. In another
work, Cheng et al. (2019) use the panel OLS and panel
quantile regression approaches. They found that renewable
energy supply and foreign direct investment affect negatively
the CO, emissions; while, economic growth, domestic credit
to private sectors, development of environmental patents,
and exports have a positive impact on it in BRICS over the
period 2000-2013. At the same line, Wang et al. (2020)
study the case of 30 provinces in mainland China from 1997
to 2008 employing dynamic panel data method. They find
that Chinese advanced and new technology manufacturing
decreases incorporated CO, emissions in the industrialized
world but raises those in the developing ones.

CO, emissions and exports

In another context, low economic advantage exports lead
to reduce CO2 emissions, while high economic advantage
exports lead to high carbon emissions. The technological
improvement in the sector of optical and electrical devices
may efficiently enhance the pollution abatement. For this
reason, Shahzad et al. (2020) examined the mixed effects
of the diversified export products, the intensive margin, and
the extensive margin on carbon emissions in of 63 developed
and developing nations, during the period 1971-2014. And
they found that the three indicators of export diversification
decrease CO2 emissions. Employing sequential estimation,
panel quantile regressions, system, and difference GMM,
Bashir et al. (2020) investigated the impact of export product
diversification, extensive and intensive margin on carbon,
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and energy intensity in 29 OECD nations from 1990 to 2015.
Their results showed that these three indicators of export
diversification have a negative effect on carbon and energy
intensity.

Data and descriptive statistics

This study uses the time series data of Tunisia from 1980
to 2017. The data sources are the World Bank (2020), U.S.
Energy Information Administration (EIA 2020), and World
Data Atlas (2020). The variables employed are carbon diox-
ide (CO,) emissions measured in kilotons, renewable energy
consumption (RE) measured in Btu, foreign direct invest-
ment net inflows (FDI) measured in percentage of GDP,
national patents (NP) measured in the number of patents,
exports of goods and services (X) and imports of goods and
services (M) measured in percentage of GDP, and gross
domestic product (GDP) measured in constant 2010 USD.
Time series are limited to the year 2017 because of the data
availability. Eviews 12.0 is used as basic software for all
estimates.

The empirical analysis begins with the study of some descrip-
tive statistics and graphs’ representations before the transforma-
tion of the variables to the logarithmic form. Descriptive statis-
tics and graphs’ representations for the selected time series are
respectively reported in Table 1 and Fig. 1.

Some descriptive statistics (as mean, maximum, and
minimum) are made to assess the trend of the selected
time series (CO, emissions, renewable energy consump-
tion, FDI, national patents, exports, imports, and gross
domestic product) from1980 to 2017. Based on these sta-
tistics and graphs, the trend in CO, emissions is steadily
rising over time, with a maximum number of 31,840.00

in 2017 and a minimum number of 9345.906 in 1980. The
consumption of renewable energy was relatively constant,
with almost identical values from 1980 to 2004. However,
from 2014 to 2017, its evolution increased continually. The
trend in the rate of foreign direct investment over time is
growing favorably but with some sharp fluctuations. The
highest peak was reached in 2006 with a share of 9.42%.
The number of national patents has gradually risen over
time with only small variations. The highest number of
patents was 235 in 2016, while the lowest number was
12 in 1984. The tendency of exports and imports has also
some sharp fluctuations. The evolution of gross domestic
product was steady in this period. Imports were unsteady
over the considered period. It reached its minimum share
of 35.81% in 1987, and its maximum share of 58.69% in
2008.

All variables are converted to natural logarithms before
proceeding with the empirical investigation.

Methodology and results

The empirical work consists to use the ARDL bounds
test to cointegration. This approach is practically applied
the bounds suggested by Pesaran et al. (2001). This test
employs the combined significance of Fisher’s statistical
test (Wald test) to test the long-term relationship between
the time series data. This estimation technique has several
advantages over other methods. First, the time series can be
either zero-order (I(0)), one order (I(1)), or both. Second,
the coefficients estimated in the short and long term can be
included in the same model. Third, results are more efficient
with small sample size.

Table 1 Descriptive statistic co, RE EDI NP X M GDP
Mean 19410.30 334E+12 2472764  63.86842  41.90805 47.35713  2.90E+10
Median 19493.76 3.50E+12 2178409  41.50000 41.69491  47.08754  2.70E+10
Maximum 31840.00 6.00E+12  9.424248  235.0000 55.65827  58.69656  4.97E+10
Minimum 9345.906 1.00E+12  0.600417  12.00000 30.18267  35.81571  1.29E+10
Std. dev. 6366.371 1.28E+12  1.658371  54.45066 5.283482 5910874 1.22E+10
Skewness 0.056640 -0.113394  2.080652  1.443303 0.075868  0.206523  0.303400
Kurtosis 1.933081 2.713434 9.348047  4.288847 3311065 2.356126  1.657250
Jarque-Bera 1.822652 0.211458 91.22242  15.82323  0.189659  0.926535  3.437705
Probability 0.401991 0.899668 0.000000  0.000366  0.909528  0.629224  0.179272
Sum 737591.3 1.27E+14  93.96504  2427.000  1592.506  1799.571  1.10E+12
Sum sq. dev. 1.50E+09  6.06E+25 101.7572 1097003  1032.862  1292.722  5.55E+21
Observations 38 38 38 38 38 38 38

CO,, carbon dioxide emissions, measured in kilo tons, kt; RE, renewable energy consumption, converted to
Btu; FDI, foreign direct investment, net inflows, measured as a share of GDP; NP, national patents, meas-
ured as a number of Tunisian patents; X, exports, measured as a share of GDP; M, imports, measured as a
share of GDP); GDP, gross domestic product, measured in constant 2010 USD
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Unit root and correlation tests

In our model, the number of observations equals 38, indicat-
ing that our sample is small. Before investigating cointegra-
tion, the order of integration must be studied for each data
in the time series. To do this, two-unit root tests are used
namely ADF of Dickey and Fuller (1979) and PP of Phillips
and Perron (1988). All these tests are estimated for three
cases which are (i) intercept and trend; (ii) intercept; and
(iii) no intercept and no trend.

According to the 2 tests mentioned in Table 2, all vari-
ables are integrated of order one, i.e., I(1), except GDP for
the ADF test, while with the PP test, all variables are I(1).
Therefore, we can use the ARDL cointegration method.

Before applying our model, we propose to identify
both exports and imports in order to take into account of
the international exchange. More precisely, we will use
these two variables, but separately for two raisons. First,
Liddle (2018) and Mahmood et al. (2020) proposed to
assess the impacts of exports and imports separately on
carbon emissions. As exports can lead to higher emissions
in manufacturing processes while imports may raise
emissions from consumption processes. Second, because in
developing countries the trade balance is not well balanced
(Farhani et al. 2014).

Considering these arguments, we will use exports and
imports variables instead of the trade variable in the fol-
lowing way:

InCO2, = f(InRE,, InFDI,, InNP,, InX,, InM,, InGDP,) (1)

Since exports and imports are strongly correlated
(Table 3), so we will use 2 models to choose which one is
the most suitable.

The following model will be developed as follows:

InCO2, = f(InRE,, InFDI,, InNP,, InX,, InGDP, ) )

InCO2, = f(InRE,, InFDI,, InNP,, InM,, InGDP,) 3)

To explore the long-run relationships between the vari-
ables, the log-linear equations between variables can be
expressed as follows:

COy =ay +ay RE, + ay | FDI, + a3 NP, + a, X, + a5 |GDP, + ¢,

“
CO,, = apy + @) ,RE, + ay, FDI, + a5 ,NP, + ay,M, + a5 ,GDP, + &,

&)
where f and ), designate the time and the constant, respec-
tively; ¢ and £ indicate the white noise term of two equa-
tions 4-5; and a;,i =1,...,5 designate the long-term
elasticity of CO, emissions variable with respect to each
corresponding explanatory variable.

Diagnostic tests and cointegration

Diagnostic tests are then estimated to check for autocorrela-
tion of residues (Breusch-Godfrey LM test), residual het-
eroscedasticity (Breush-Pagan-Godfrey test), and normality
distribution tests (Jarque-Bera statistic).

Table 4 shows that in the model F1 (where CO, emissions
is the dependent variable), there is cointegration between
variables. The diagnostic tests approve that there is, no het-
eroscedasticity, no residues autocorrelation, and residues are
well normally distributed.

Related to Table 5, there is none of these models which
obeys all the conditions (cointegration, no heteroscedastic-
ity, no autocorrelation, and normally distribution). So we
cannot choose any of the previous models. For this reason,
we will keep to work on Eq. 2.

Long-run elasticity results

Based on the similar empirical researches considered
by Ghorbal et al. (2021) and Ben Jebli and Ben Youssef
(2015) for the Tunisian context, the use of ARDL model
in this study may show econometric advantages over other
approaches to co-integration. These advantages were previ-
ously supported by Pesaran and Pesaran (1997), Pesaran and
Smith (1998), Pesaran and Shin (1999), and lastly developed
by Pesaran et al. (2001). The ARDL equation is presented
as follows:

AlnCO2 = a+ X! a,;AlnCO2,_; + Y1 ayAInRE, +

@ AIMFDI_+ ¥ AInNP,_; + Y1 as,AlnX, i+
Yo @ AIMGDP,_; + a;InCO,,_| + agInRE,_; + aglnFDI,_;+
aoInNP,_, + ay,InX,_| + a|,InGDP,_, + ¢,

(6)
where A, &, and g are the first difference operator, the error
term, and the number of lags, respectively.

The results of the long-run elasticity test reported in
Table 6 show that the coefficients of renewable energy con-
sumption, exports, and gross domestic product are positive
and statistically significant at the 1% level; whereas, the
coefficient of foreign direct investment is negative and sta-
tistically significant at the 5% level.

In another sense, the positive impact of renewable energy
consumption on CO, emissions can be explained by the fact
that some renewable energy can contain a small part of pol-
luting energy (Ben Jebli and Ben Youssef 2015). Renew-
able energies did not lead to mitigation in emissions because
some countries have possibly not attained the level where
renewables begin to reduce CO, emissions (Chiu and Chang
2009). This is in line with the results of Apergis et al. (2010)
and Menyah and Wolde-Rufael (2010) for the US case. Tuni-
sia should develop clean and renewable energy until it can
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succeed to reduce CO, emissions, and therefore achieves
the seventh objective of the sustainable development goals.
The negative impact of foreign direct investment on CO,
emissions means that although foreign projects are polluting
and damaging to the environment, their negative effect is
surely less than that of domestic projects. Therefore, the for-
eign direct investment will lead to a decrease in CO, emis-
sions. This is similar to the findings of Cheng et al. (2019),
and Sarkodie and Strezov (2019) for the case of developing
countries, and Atici (2012) and Zhu et al. (2016) for the
Association of Southeast Asian Countries. Also, this nega-
tive effect of foreign direct investment on carbon emissions
may be justified by the hypothesis of the halo effect. As
the Tunisian government gives more importance to environ-
mental issues, it promotes foreign investors to spread their
specific skills and technologies. In addition, transnational
companies also aim to share their technology and manage-
ment competencies with companies in host nations and to
support them in minimizing the harmful effects of carbon
emissions (Cheng et al. 2019). In addition, Tunisian poli-
cymakers should encourage environment friendly foreign
investments by reducing their taxes, and they should also
stimulate the ability for new knowledge to be absorbed,
resulting in the growth of green products and businesses.
Concerning the positive impact of exports on CO,
emissions, it is important to mention that Tunisia, as a
developing country, is firstly interested in improving and
accelerating its production to export the maximum of its
products and earn more money without paying attention
to the environment. Also, this positive effect can be inter-
preted as the fact that developing countries are still at the
bottom of the world manufacturing chain because of the
scarcity of advanced technology and design. Therefore,
they simply fabricate or reassemble goods designed by
foreign countries or export natural resources. During the
production process of the manufactured goods and the
natural resource exploration process, CO, is emitted in
Tunisia, while the produced goods or natural resources
are consumed by the importers. This problem is known in
the work of Chen and Chen (2011) and Meng et al. (2018)
as embedded carbon dioxide emission. Also, Cheng et al.
(2019) showed that such exports could seriously threaten
the environment of developing countries and BRICS coun-
tries. These results are also in line with Wang et al. (2021)
who found a positive impact of exports on CO, emissions
in the top ten renewable energy countries. Per contra, our
results are contrary with authors that found a negative
impact of exports on CO, emissions, such as, Hu et al.
(2018) who worked on the case of 25 developing coun-
tries, Barrows and Ollivier (2021) for India, Mahmood
et al. (2020) for the case of North Africa, and Wang et al.
(2021) for the case of leading complex economies.
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For the positive impact of gross domestic product on
CO, emissions, we can remark that this result is consistent
with the outcomes of Dong et al. (2017), Hu et al. (2018),
Cheng et al. (2019), and Sarkodie and Strezov (2019), but
is inconsistent with the findings of Liu et al. (2017). The
explanations of these findings can be provided by the EKC.
The EKC hypothesizes that as economic growth increases,
carbon emissions increase throughout an economy’s process
of industrialization. In particular, industrialization requires
huge natural resources, notably energy. Overuse of natural
resources may lead to environmental deficiency and severe
ecological issues (Sarkodie and Strezov 2019). As the econ-
omy keeps expanding, the country will undergo a phase of
post-industrialization. The consciousness of the environ-
ment, laws and regulations, and the economic structural shift
to the tertiary sector in the post-industrial phase may lead to
carbon emission abatement. As a developing country, Tuni-
sia is in the phase of industrialization; the secondary sector
is one of the engines of economic progress in this country.
Tunisia is challenged to expand its gross domestic product
without damaging the environment. In order to limit CO,
emissions, it is necessary for policymakers to balance both
economic growth and economic sophistication.

Particularly, the national patents are insignificant in
the long run; this is because that Tunisia is a developing
country; so, it does not have a big capacity of innovation
that may impact the carbon emissions whether positively
or negatively. The Tunisian government should devote an
important amount of its budget to green and clean technol-
ogy research and development.

CUSUM and CUSUM of squares

The long-term stability of the parameters was tested through
the application of certain powerful and effective techniques
like the statistical tests of the cumulative sum (CUSUM) and
cumulative sum of squares (CUSUM of squares) established
by Brown et al. (1975), and then by Pesaran and Pesaran
(1997). Figure 2 shows the statistical test results, which dem-
onstrate the stability of the long-term estimated coefficients
since the graphs are within the critical bounds at the 5%
significance level.

Granger causality results

After establishing the link between variables in the long run
by the ARDL approach, we should study the significance of
error correction term. Engle and Granger (1987) techniques
are involved to investigate the short- and long-term combina-
tion betwixt CO, emissions, renewable energy consumption,
foreign direct investment, national patents, exports, and gross
domestic product in two phases.
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Table 2 Unit root tests
Variables ADF test PP test
Level k st diff k Level k st diff k
Intercept and trend InCO, —2.485898 0 —8.712956%** 0 —2.485898 0 —11.39999%%** 9
InRE —2.950319 4 —9.171825%** 0 —2.254583 3 —9.006633*** 3
InFDI —3.285228 0 —8.272515%** 0 —3.241292* 3 —9.166313%*** 7
InNP —3.910529** 0 —6.979817%#** 1 —3.874598* 1 —9.302539%** 6
InX —2.166520 0 —5.640353%** 0 —2.293854 1 —5.643397%#** 2
InM —2.804414 0 —6.407740%** 0 —2.829095 1 —6.422930%** 3
InGDP —0.831496 0 —6.483764%** 0 —0.837140 2 —6.483764%** 0
Intercept InCO, —1.617237 1 —8.547592%** 0 —1.939032 9 —8.690305%*** 3
InRE —2.860900* 4 —9.187937%#** 0 —2.352089 3 —8.981000%*** 3
InFDI —2.129151 0 —8.393434%#** 0 —2.005271 3 —9.322809%** 7
InNP 0.394366 2 —6.790885%** 1 -0.641221 1 —8.249387%#** 4
InX —0.623401 0 —5.737121%** 0 —0.621693 2 —5.739593%#** 2
InM —0.249452 0 —6.466589%** 0 —0.130606 4 —6.480309%** 3
InGDP —1.119989 0 —6.420694%** 0 —1.119989 0 —6.412856%** 1
None InCO, 4.840327 1 —2.413754%* 1 6.066515 4 —5.708042%*%*%* 4
InRE 0.436876 1 —9.282163%** 0 0.381882 3 —9.052875%%*%* 3
InFDI 0.227186 1 —8.500766%** 0 0.958969 36 —9.343032%%** 7
InNP 1.917258 2 —6.293822%** 1 1.437515 4 —7.301785%** 0
InX 2.782145 0 —4.915323%** 0 2.798539 2 —4.962888%*** 2
InM 3.059397 0 —5.346716%** 0 3.671780 4 —5.427515%** 3
InGDP 9.205576 0 —1.278938 1 9.636039 1 —2.608405%* 3

The short-term effect of the variables was validated
employing the Granger pairwise causality test, which evalu-
ates causality between variables in pairs to see whether if (i)
the causality is unidirectional; or (ii) the causality is bidi-
rectional; or (iii) there is no Granger causality. Long-term
causality is assessed by the error-correction term’s (ECT)
significance for each cointegration equation. If the error cor-
rection term is statistically significant, then there is a long-
term causality of all explanatory variables to the explained
variable. The first phase is to assess long-term coefficients
and retrieve the residuals, while the second phase is to assess
the terms of the short-run adjustment. The short-term link
between the variables is studied by the Granger causality,
and their significance is assessed using Fisher statistics. The
significance across variables for the long-term correlation
is adjusted by setting Student’s t test statistics.

Establishing the optimal number of lags is a major
stage in explaining the validity of a cointegrating con-
nection among the variables. This stage involves the
estimation of the appropriate number of lags to run the

Table 3 Correlation test

) InX InM
between exports and imports
1 0.988903
0.988903 1

VAR model. Setting the optimal lags is done according
to different selection criteria, mainly the Akaike infor-
mation criteria (AIC) and the Schwarz information cri-
teria (SIC).

Table 7 shows that all criteria selected a maximum num-
ber of lags equal to 1; therefore, a VAR (1) model is consid-
ered and the Granger causality approach discussion can be
addressed. The causality study among the variables in the
analysis can be studied through Engle and Granger’s (1987)
study. This technique can be carried out in two steps. The
first involves estimating the long-term equation (Eq. (2)) to
recover the residuals. The second step consists of estimat-
ing the short-term equilibrium. The Granger causality tests
are applied to verify the short-term causality between the
variables and based on the Fisher statistic. The long-term
relationship among the time series can be checked through
the use of the significance of the lagged error correction
term (ECT, ).

More precisely, this paper investigates the causal linkages
using a VECM model based on Toda and Yamamoto (1995)
approach. This model is given as below:

AlnCO2, = ¢y + X1 &y, AInCO2,_; + Y7 &5 AINRE, -+
Zle ¢13,AInFDI_; + Ziqzl ¢G14;AINP,_; + Ziqzl ¢G15;,AnX,_+
Z,-qzl $16;AInGDP,_; + BLECT, | + ¢,
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Table 4 Estimation of Eq.2: InCO2, =f(lnRE,, InFDI,, InNP,, InX,, lnGDP,)

Estimated model Bound testing to cointegration F statistics Conclusion
Optimal lag length
F; (InCO, InRE InFDI InNP InX InGDP) 1,4,1,3,2,4) 9.806266%** Cointegration
F2 (InRE InCO, InFDI InNP InX InGDP) (1,4,4,4,1,0) 6.438599%#*3* Cointegration
F3 (InFDI InCO, InRE InNP InX InGDP) 4,4,3,4,4,4) 4.359900** Cointegration
F4 (InNP InCO, InRE InFDI InX InGDP) 4,4,3,4,4,4) 3.490131* Cointegration
F5 (InX InCO, InRE InFDI InNP InGDP) 4,4,3,4,4,4) 3.901362* Cointegration
F6 (InGDP InCO, InRE InFDI InNP InX) (1,0,3,0,0,2) 18.02155%*%* Cointegration
Critical values Lower bounds 1(0) Upper bounds I(1)
1% 39 5.419
5% 2.804 4.013
10% 2.331 3417
Diagnostic tests

LM-test Breush-Pagan Godfrey test Normality test
F, (InCO, InRE InFDI InNP InX InGDP) 0.1378 0.5590 0.468802
F2 (InRE InCO, InFDI InNP InX InGDP) 0.2227 0.9178 0.0000000
F3 (InFDI InCO, InRE InNP InX InGDP) 0.1535 0.3905 0.021779
F4 (InNP InCO, InRE InFDI InX InGDP) 0.0768 0.8537 0.021330
F5 (InX InCO, InRE InFDI InNP InGDP) 0.0000 0.4817 0.532232
F6 (InGDP InCO, InRE InFDI InNP InX) 0.7560 0.0760 0.658840

* % and *** indicate statistical significance at the 10%, 5%, and 1% levels, respectively. Critical values are obtained from Pesaran et al. (2001).
The F(.) statistics are estimated for the case of restrict constant. Diagnostic tests cover serial correlation LM test, heteroscedasticity Breush-
Pagan Godfrey, and normality (Jarque-Bera test): the given values correspond to the probabilities of rejecting the null hypothesis. The maximum
number of lags selected is 4. The LM test is conducted with lags 1.

Table 5 Estimation of Eq.3: InCO,,= f (InRE,, InFDI,, InNP,, InM,, InGDP,)

Estimated model Bound testing to cointegration F statistics Conclusion
Optimal lag length
F; InCO, InRE InFDI InNP InM InGDP) (3,4,4,0,0,4) 6.806918%*** Cointegration
F2 (InRE InCO, InFDI InNP InM InGDP) 4,3,4,2,4,4) 4.532927%* Cointegration
F3 (InFDI InCO, InRE InNP InM InGDP) 4,3,4,3,4,4) 4.731966%* Cointegration
F4 (InNP InCO, InRE InFDI InM InGDP) 4,3,4,4,4,4) 34.00236%** Cointegration
F5 (InM InCO, InRE InFDI InNP InGDP) (4,4,4,4,4,4) 4.602068** Cointegration
F6 (InGDP InCO, InRE InFDI InNP InM) (4,3,4,4,3,4) 2.361035 Cointegration
Critical values Lower bounds I(0) Upper bounds I(1)
1% 39 5.419
5% 2.804 4.013
10% 2.331 3.417
Diagnostic tests

LM-test Breush-Pagan Godfrey test Normality test
F; (InCO, InRE InFDI InNP InM InGDP) 0.0330 0.5102 0.768312
F2 (InRE InCO, InFDI InNP InM InGDP) 0.0000 0.9315 0.057841
F3 (InFDI InCO, InRE InNP InM InGDP) 0.0766 0.3384 0.698662
F4 (InNP InCO, InRE InFDI InM InGDP) 0.0005 0.9759 0.118662
F5 (InM InCO, InRE InFDI InNP InGDP) 0.0000 0.5737 0.015139
F6 (InGDP InCO, InRE InFDI InNP InM) 0.0000 0.6708 0.737213

** and *** indicate statistical significance at the 10%, 5%, and 1% levels, respectively. Critical values are obtained from Pesaran et al. (2001).
The F(.) statistics are estimated for the case of restrict constant. Diagnostic tests cover serial correlation LM test, heteroscedasticity Breush-
Pagan Godfrey, and normality (Jarque-Bera test): the given values correspond to the probabilities of rejecting the null hypothesis. The maximum
number of lags selected is 4. The LM test is conducted with lags 1
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Table 6 Long-run elasticity tests estimation

Dependent variable InCO,

Regressors Coefficient ¢ statistic
Long-run estimates

InRE 0.137663 [9.077190]***
InFDI —-0.039019 [—2.470777]%*
InNP 0.004402 [0.149028]

InX 0.363194 [4.925776]%**
InGDP 0.432089 [5.183798]***
c —12.19519 [—9.753347]***

#Hk k¥ indicate statistical significance at the 1%, 5%, and 10% levels,
respectively; ¢ statistics are presented in brackets

AlnX, = ¢s + Z?zl $s1;AINCO2,_; + X1 | b5y AlnRE,_; + E:-[:l $s3;AImFDI,_+
Z,q:l (s4i AINP,_; + Z;I:] bssiAlnX,_; + Z?:] $s6;AIMGDP,_; + psECT,_;+
CSI

(11)

AInGDP, = ¢g + X1, b6, AInCOy,_; + X7 by, AINRE, i+
Yo G AInFDIL,_; + YT | Gy, AIMNP,_; + Y| dgs; AlnX,_+
Z:-[:l ¢66iAlnGDPt—i + ﬁ6ECTt—1 + Cér

(12)
where A indicates the first difference operator; g represents
the VAR lag length; ECT,_; indicates the lagged ECT cor-
responding to each equation; f is the speed of adjustment
from the short- to the long-run equilibrium, and {t indicates
the residual term.
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Figure 2 CUSUM and CUSUM of square tests
Table 7 Optimal lag length Lag LogL LR EPE AIC SC HQ
0 13.32302 NA 2.68e-08 —0.406835 —0.142915 —0.314720
1 170.6288 253.4370* 3.27e-11%* —7.146042* —5.298603* —6.501236*
2 198.7351 35.91361 6.04e-11 —6.707503 —3.276545 —5.510007

AIRE, = &y + X1 0y, AlnCO2,_; + 31| by, AINRE,_; + +
Yo Gy AIFDI,_ + ¥ by AINP,_; + 31| bos;, AlnX,_i+
T 25 AINGDP,_; + B,ECT,_; + &y,
(¥
AInFDI = ¢3 + X7 | 3,,AInCO2,_; + X7 | b3y AINRE, i+
ZL $33,AInFDI,_; + ZLI (34, AINNP,_; + Zil 35, AlInX, i+
?=1 $G36,AINGDP,_; + BECT,_; + &3,
©

AINP, = §y+ X1 &y, AINCOy,_; + X7 | by, AINRE, i+
z:-]:] Gu3AlNFDI_; + 2;1:1 (uq AINNP_; + Z?:l Gys;AIX,_+
| G46;AInGDP,_; + B,ECT,_, + ¢,
(10

The lagged ECT of national patents is negative
and statistically significant even at the level of 1%
that denotes that there is a long-run causality run-
ning from CO, emissions, renewable energy con-
sumption, foreign direct investment, exports, and
gross domestic product to national patents. Results
of the short-run causality show that there is a uni-
directional causality running from exports to CO,
emissions and from exports to gross domestic prod-
uct. This result is similar to Wang et al. (2021)
for the case of leading renewable energy economies
(Table 8).
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Table 8 Granger causality test Short run Long run
results
Dependent AInCO, AInRE AlnFDI AlnNP AlnX AInGDP ECT
variables
AInCO, 0.247115 0.001018  1.129689  3.370936  0.241255 0.021116
(0.6191)  (0.9745)  (0.2878)  (0.0664)*  (0.6233) [0.38713]
AInRE 0.012405 _ 0.777503  1.626905 1.141495  0.004155 0.547134
(0.9113) (0.3779)  (0.2021)  (0.2853) (0.9486) [1.28066]
AlnFDI 2.527867 1.438770 _ 0.529935 0.187484  1.147535 —0.357138
(0.1119)  (0.2303) (0.4666)  (0.6650) (0.2841) [-0.50611]
AlnNP 0.369248 1.161217 0.373533  _ 0.963083  0.032443 —1.069294
(0.5434)  (0.2812)  (0.5411) (0.3264) (0.8571) [—2.87127]***
AlnX 1.235244  0.001930 0.005778  0.009421 _ 0.000805 0.240063
(0.2664)  (0.9650)  (0.9394)  (0.9227) (0.9774) [2.42311]**
AlnGDP 0.017807  0.712225 0.022967 0.418090 3.699485  _ —0.027414
(0.8938)  (0.3987)  (0.8795)  (0.5179)  (0.0544)* [-0.92749]

*#% % and * indicate statistical significance at the 1%, 5%, and 10% levels, respectively. Probability val-
ues are reported in parenthesis and z-statistics are between brackets. ECT denotes the error correction term

corresponding to each equation

Conclusion and recommendations

Climate change presents now an important challenge fac-
ing many countries, including Tunisia. This leads us to
look for different factors that lead to the mitigation of CO,
emissions in this country. This paper studies the chan-
nel linking CO, emissions, renewable energy consump-
tion, foreign direct investment, Tunisian patents, exports,
and gross domestic product in Tunisia by using the time
series data over the period 1980-2017. ARDL approach
is employed, and then cointegration and Granger causality
tests are demonstrated.

The finding results show that the error correction term
of national patents is negative and statistically significant
even at the level of 1%; this means that there is a long-run
causality running from CO, emissions, renewable energy
consumption, foreign direct investment, exports, and gross
domestic product to national patents. Also, the results of the
short-run causality show that there is a unidirectional causal-
ity running from exports to CO, emissions and exports to
gross domestic product.

The findings of the long-run elasticity test show that renew-
able energy consumption has a positive impact on CO, emis-
sions; this means that renewable energy consumption increases
CO, emissions, and this can be explained by the fact that some
renewable energy can contain a small part of polluting energy. In
addition, renewable energies did not lead to mitigation in emis-
sions because some countries have possibly not attained the level
where renewables begin to reduce CO, emissions. Although for-
eign projects are polluting and damaging to the environment,
their negative effect is surely less than that of domestic projects.
Therefore, foreign direct investment will lead to a decrease in
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CO, emissions. Concerning exports, this factor has a positive
impact on CO, emissions. As a developing country, Tunisia is
interested in improving and accelerating its production to export
the maximum of its products and earn more money without pay-
ing attention to the environment. For the gross domestic prod-
uct, there is a positive impact on CO, emissions. The explana-
tions of this finding can be provided by the EKC, where the
EKC hypothesis suggests that as economic growth increases,
carbon emissions increase throughout an economy’s process of
industrialization. In particular, industrialization requires huge
natural resources, notably energy. Without forgetting the case of
Tunisia as a developing country, this country is in the phase of
industrialization, so the secondary sector is one of the engines of
economic progress. Therefore, Tunisia can benefit from different
initiatives, like tax deductions or exonerations for non-polluted
foreign direct investment, to motivate foreign investors to turn to
ecologically friendly industries. Also, foreign direct investment
in polluting products should be limited or eliminated in these
areas. In future research, we can work on a panel of countries
(such as MENA countries), and we can also add new variables
like energy efficiency and fossil fuels.
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