
Abstract

This study reassesses the causal relationships

between energy consumption and economic growth

in 18 Sub-Saharan Africa  countries over the peri-

od 1980-2011. The Panel Unit Root Test results

show that variables (both exogenous and endoge-

nous) are stationary at their first difference with indi-

vidual effects and individual linear trends, while the

results of panel co-integration tests show that ener-

gy consumption and economic growth do have a

stable long-run equilibrium relationship. There is

unidirectional causality from energy consumption to

economic growth in East and the Southern Africa

Sub-region, which supports the growth hypothesis.

As a result, the related authorities in the regions

should take a special interest in different sources of

energy and invest more in this sector, make suitable

policies in this regard and find new alternative and

cheap sources of energy. But, there is no causality

between energy consumption and economic growth

in Central and the West Africa Sub-region, which is

in line with the neutrality hypothesis. In other

words, both energy consumption and economic

growth are neutral with respect to each other. Our

results confirm the inconclusive nature of a causali-

ty relationship between energy consumption and

economic growth. 

Keywords: energy consumption, economic growth,

panel co-integration, causal relationship
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1. Introduction

Energy plays an essential role in an economy on

both demand and supply. On the demand side,

energy is one of the products a consumer decides to

buy to maximise his or her utility. On the supply

side, energy is a key factor of production in addition

to capital, labour and materials and is seen to play

a vital role in the economic and social development

of countries, being a key factor in increasing eco-

nomic growth and living standards. This implies

that there should be a causal relationship running

from energy consumption to national income or

GDP and vice versa (Chontanawat et al., 2006).

Economic growth is among the most important

factors to be considered in projecting changes in

world energy consumption. In this regard, the

analysis of the relationship between energy con-

sumption and economic growth has received a

great deal of attention during recent years. Indeed,

whether the economic growth promotes energy

consumption or energy itself is a stimulus for eco-

nomic growth has motivated interest among econo-

mists and policymakers. Over the two last decades,

there has been a large body of published research

investigating the causal links between energy con-

sumption and economic growth. This is because the

direction of causality has significant policy implica-

tions. For instance, if energy consumption is a vital

component in economic growth, energy conserva-

tion policies which reduce energy consumption may

adversely affect real GDP. However, a unidirection-

al causality running from economic growth to ener-

gy consumption signifies a less energy dependent

economy such that energy conservation policies

may be implemented with little or no adverse effect

on economic growth (Eggoh et al., 2011).

Although energy is not included in the standard

growth models as an input of economic growth, the

importance of energy in a modern economy is

unquestionable. For instance, Hall and Klitgaard
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(2012) emphasized the role that energy has played

in economic growth and the limit to continued

growth given our reliance on fossil fuels. Stern

(2010) opined that when energy is scarce it impos-

es a strong constraint on the growth of the econo-

my but when energy is abundant its effect on eco-

nomic growth is much reduced. This explains the

industrial revolution as a releasing of the constraints

on economic growth due to the development of

methods of using coal and the discovery of new fos-

sil fuel resources. Also it was found that the elastici-

ty of substitution between a capital-labour aggre-

gate and energy is less than unity, which implies

that when energy services are scarce they strongly

constrain output growth resulting in a low income

steady-state. When energy services are abundant

the economy exhibits the behaviour of the ‘modern

growth regime’ with the Solow model as a limiting

case (Stern, and Kander, 2012). 

The inconclusive nature of the relationship

between energy consumption and economic

growth led to four major views in the literature: The

first view is the growth hypothesis, which suggests

that energy consumption plays an important role in

economic growth. It implies that economic growth

is dependent on energy consumption just as a

decrease in energy consumption may restrain eco-

nomic growth. The second is the conservative

hypothesis, which argues for unidirectional causali-

ty from economic growth to energy consumption. It

suggests that energy conservation policies may

have little or no impact on economic growth. The

conservative hypothesis is supported if an increase

in real GDP causes an increase in energy consump-

tion. The third view is neutrality hypothesis, which

argues that there is no causality between energy

consumption and economic growth. In other words,

both energy consumption and economic growth are

neutral with respect to each other. While the last

view is feedback hypothesis, which suggests that

there is a bi-directional causal relationship between

energy consumption and economic growth reflect-

ing the interdependence and possible complemen-

tarities associated with energy policies and eco-

nomic growth.

The contributions of this paper are the following:

First, we employ recent data and methodology, for

instance, in order to determine the variables’ order

of integration, the Levin, Lin and Chu Test, which

assumes that there is homogeneity across the cross

sections; likewise, the Im, Pesaran and Shin Test,

ADF Fisher Chi Square Test and PP Fisher Chi

Square tests which give room for heterogeneity

across the cross-sections that were used. We also

adopted a residual-based panel cointegration test

(that is the Kao test), the Johansen-type panel coin-

tegration test, and the error-correction–based panel

cointegration tests developed by Westerlund

(2007), which is general enough to allow for a large

degree of heterogeneity, both in the long-run coin-

tegrating relationship and in the short-run dynam-

ics, and dependence within as well as across the

cross-sectional units. Second, we consider specific

analyses for prominent sub-regions in SSA namely,

Central Africa, East Africa, Southern Africa and

West Africa; to the best of our knowledge no study

has broken SSA into these sub-regions.

The next section deals with the literature review,

followed by the methodology employed in this

study. Empirical results are presented in section

four, while section five presents the Conclusion and

Policy Implications.

2. Literature review

The relationship between energy consumption and

economic growth has been examined thoroughly

since the pioneer work of Kraft and Kraft (1978).

However, the direction of causality between energy

consumption and economic growth remained con-

troversial.

Oh and Lee (2004) examined the causal rela-

tionship between energy and GDP in Korea over

the period 1970–1999. The authors also included

variables measuring capital and labour in their

causality tests. There was a unidirectional causality

from energy consumption to GDP in the short-run

and bi-directional causality in the long-run.

Odhiambo (2009) also found that there is a unidi-

rectional causal relationship running from energy

consumption to economic growth for Tanzania. But

Cheng and Lai (1997) established a unidirectional

causality from energy consumption to employment

and also unidirectional causality from economic

growth to energy consumption for Taiwan. 

However, Jumbe (2004) found bi-directional

causality between electricity consumption and eco-

nomic growth but a unidirectional causality running

from non-agricultural GDP to electricity consump-

tion in Malawi; Lee and Chang (2005) established

that, in the long-run energy acts as an engine of

economic growth, and that energy conservation

may harm economic growth in Taiwan; also a study

by Belloumi (2009) assessed the causal relationship

between per capita energy consumption and per

capita gross domestic product for Tunisia. The

results show a long-run bi-directional causal rela-

tionship between the two series and a short-run uni-

directional causality from energy to gross domestic

product; while, Ouedraogo (2010) found that there

is evidence of a positive feedback causal relation-

ship between electricity use and real GDP for

Burkina Faso.

Wolde-Rufael (2006) found a unidirectional

causality from economic growth to electricity con-

sumption in 5 African countries, whereas bi-direc-

tional causality was found for 2 countries and no

evidence for causal relationship in 7 African coun-

tries. While Akinlo (2008) employed the bounds

94 Journal of Energy in Southern Africa  •  Vol 25 No 4 • November 2014



cointegration test to examine the long-run relation-

ship between energy consumption and economic

growth in 11 SSA countries: Cameroon, Cote

d’Ivoire, Congo, Gambia, Ghana, Kenya, Nigeria,

Senegal, Sudan, Togo, and Zimbabwe. The author

employed a multivariate framework which included

energy consumption, GDP, government expendi-

ture, and the consumer price index. The co-integra-

tion tests supported cointegration in 7 countries

(Cameroon, Cote d’ Ivoire, Gambia, Ghana, Sene-

gal, Sudan and Zimbabwe. The Granger causality

tests showed that economic growth causes energy

in 2 countries (Sudan and Zimbabwe). Bi-direction-

al causality was found for 3 countries (Gambia,

Ghana and Senegal). For 5 countries (Cameroon,

Cote d’ Ivoire, Nigeria, Kenya and Togo) no causal-

ity was found.

In similar vein, Odhiambo (2010) reassessed the

causal relationship between energy consumption

and economic growth in three SSA countries. He

added the prices as an additional variable because

of its effects on both energy consumption and eco-

nomic growth. He discovered that the causality

between energy consumption and economic

growth varies significantly across the three coun-

tries. The results indicated that for South Africa and

Kenya there is a unidirectional causal relationship

from energy consumption to economic growth,

while for Congo (DRC) it is economic growth that

drives energy consumption. 

Wolde-Rufael (2005) investigated the causal

relationship between energy and GDP using data

for 19 African countries over the period 1971–

2001. The author used the bounds test for co-inte-

gration and then employed the Toda and

Yamamoto causality test. The bounds co-integra-

tion test showed the existence of a stable long-run

relationship between energy and growth in 8 coun-

tries, while there was no cointegration in 11 coun-

tries. The results of causality tests showed that

causality runs from economic growth to energy con-

sumption in 5 countries (Algeria, Democratic

Republic of Congo, Egypt, Ghana, and Cote

d’Ivoire) while energy causes economic growth in 3

countries (Cameroon, Morocco and Nigeria). There

was bi-directional causality in 2 countries (Gabon

and Zambia) while no causality was found in 9

countries (Benin, Congo Republic, Kenya, Senegal,

South Africa, Sudan, Togo, Tunisia and Zimbabwe).

Esso (2010) examined the long-run and the

causality relationship between energy consumption

and economic growth for seven SSA countries dur-

ing the period 1970-2007. Using Gregory and

Hansen (1996, 1997) testing approach to threshold

cointegration, he found that energy consumption is

cointegrated with economic growth in Cameroon,

Ivory Coast, Ghana, Nigeria and South Africa.

Furthermore, causality tests suggest bi-directional

causality between energy consumption and real

GDP in Ivory Coast and unidirectional causality

running from real GDP to energy use in Congo and

Ghana. 

Masih and Masih (1996) examined the causal

relationship between energy consumption and GDP

in Asian countries, using data over the period

1955–1990 for India, Pakistan, Malaysia,

Singapore, Indonesia, and the Philippines. The co-

integration tests showed that energy consumption

and GNP are co-integrated in India, Pakistan and

Indonesia. There was no evidence of co-integration

in Malaysia, Singapore and the Philippines. The

results of causality tests showed that there is no

causality between energy consumption and GDP in

Malaysia, Singapore and the Philippines. The

results showed unidirectional causality from GDP to

energy consumption in Indonesia, unidirectional

causality from energy consumption to GDP in

India, and bi-directional causality in Pakistan. The

authors attributed the divergent results to the fact

the countries are implementing different energy-

growth policies. But Apergis and Payne (2010) used

panel causality and cointegration tests of nine

South American countries over 1980-2005.They

found both short-run and long-run causality from

energy consumption to economic growth.

Chontanawat et al. (2006) examined causality

between energy consumption and GDP using data

for 108 countries. The sample consisted of 78 non-

OECD and 30 OECD countries. For the non-OECD

countries, the authors employed data over the peri-

od 1971 – 2000 while for the OECD countries, data

was used over the period 1960 – 2000. Taking all

countries together, the results of causality tests

showed that there is unidirectional causality from

GDP to energy consumption in 20 countries while

unidirectional causality runs the other way in 23

countries. There was bi-directional causality in 34

countries while there was no causality in 31 coun-

tries. A breakdown of the results showed that there

was a higher prevalence of causality in OECD than

non-OECD countries. The authors’ explanation for

this finding was that less developed countries are

predominantly agrarian based and thus less energy

dependent.

The review of Literature shows the direction of

causality between energy consumption and eco-

nomic growth remained controversial, therefore

making this paper a worthwhile exercise, especially

with the use of recent data and methodology.

3. Methodology 

3.1 Estimation procedure

The analyses in this paper are carried out in three

phases. First, we conduct Panel unit root tests using

prominent tests namely Levin, Lin and Chu Test,

Im, Pesaran and Shin Test, ADF Fisher Chi Square

Test and PP Fisher Chi Square Test. Second, we

perform Panel cointegration tests using the
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Residual-Based DF and ADF Tests (Kao Tests),

Johansen Fisher Panel Cointegration Test and the

error-correction–based panel cointegration tests

developed by Westerlund (2007). Third, we esti-

mate Toda and Yamamoto Causality Analysis. We

used many statistical tests so as to account for

important similarities and differences of the sam-

pled countries.

3.2 Data

Annual data over the period 1980 to 2011 for 18

SSA countries has been used in this study. As earli-

er mentioned, these countries are further divided

into sub-regions for region-specific analyses.1 All

data is from the World Development Indicators

(WDI) Database. Energy consumption is energy use

in kilotons of oil equivalent and real GDP is gross

domestic product converted to international dollars

using purchasing power parity rates. All variables

are in natural logarithms.

3.3 The model

A number of panel data unit root tests have been

proposed such as: Maddala and Wu (1999), Choi

(2001), Levin, Lin and Chu (2002), and Im,

Pesaran and Shin (2003). These tests are generally

based on the AR(1) process:

γit = µi + τit + ρiγit–1 + εit (1)

Where t = 1,…, T is the number of periods and i

=1, …, N is the number of countries. τi is an

individual trend, µi is the country specific fixed

effect, ρi is an autoregressive coefficient, and εit is

the error term. There is a unit root in γit if /ρi/= 1.

Panel unit root tests are broadly classified into two

based on their assumptions concerning whether ρi
is constant or varying.

In this study, the long-run relationship between

energy consumption, and Real GDP will be esti-

mated by the following equation:

log ECi,t = i + βilogRGDPi,t + εi,t (2)

Where i, t, αi and εi,t denote the country, the time,

the fixed country effect and the white noise sto-

chastic disturbance term respectively. βi is the ener-

gy consumption elasticity of Real GDP (the vari-

ables are in natural logs, denoted Log).

We also use the panel cointegration tests pro-

posed by Westerlund (2007) to examine the rela-

tionship between real GDP, energy consumption

and auxiliary variables in SSA countries. The

Westerlund (2007) tests avoid the problem of com-

mon factor restriction and are designed to test the

null hypothesis of no cointegration by inferring

whether the error-correction term in a conditional

error-correction model is equal to zero. Therefore, a

rejection of the null hypothesis of no error-correc-

tion can be viewed as a rejection of the null hypoth-

esis of no cointegration. The error-correction tests

assume the following data-generating process:
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4. Empirical results 

4.1 Panel unit root test

Tables 1 and 2 present the results of the unit root

tests conducted for all the variables both at their lev-

els and first differences respectively. The tests are

conducted for all the selected SSA countries sub-

regions (namely, Central Africa, East Africa,

Southern Africa, and West Africa). Descriptive sta-

tistics like the line plot reveal that the variables used

have individual effects and individual linear trends.

Hence, the unit root tests carried out take cog-

nizance of these characteristics of the data used.

The results show that all the variables (both exoge-

nous and endogenous) are stationary at their first

difference with individual effects and individual lin-

ear trend. Having established the order of integra-

tion of the variables, we further conduct the panel

cointegration test.

4.2 Panel cointegration test

Having established that all my variables are inte-

grated at the same order, we adopt a residual-based

panel cointegration test (that is the Kao test), the

Johansen-type panel cointegration test, and the

error-correction–based panel cointegration tests

developed by Westerlund (2007) to examine if

there is a long run relationship among the variables

used. As presented in Table 3a and 3b, the null

hypothesis of no cointegrating relationship among

the variables can be rejected and we accept that

there is at least one cointegrating vector for the sub-

regions at 5 percent level of statistical significance. 

In order to check the robustness of the previous

results, we considered four additional cointegration

tests proposed by Westerlund (2007) that allow for

cross-sectional dependence. Table 3b summarizes

the outcome of Westerlund’s cointegration tests.
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Table 1: Panel unit root test (at level)

SSA zones At level

LLC IPS ADF PP

Central Africa Log(EC) 4.22 (1.00) 3.15 (1.00) 0.56 (1.00) 0.26 (1.00)

Log(RGDP) 2.06* (0.00) 0.66 (0.25) 24.58 (0.54) 39.50 (0.04)

astern Africa Log(EC) 1.46 (0.07) 0.98 (0.84) 2.34 (0.89) 1.74 (0.94)

Log(RGDP) 3.68 (0.99) 4.17 (1.00) 1.26 (0.99) 1.12 (1.00)

Southern Africa Log(EC) 1.91 (0.97) 2.17 (0.98) 5.51 (0.70) 2.02 (0.98)

Log(RGDP) 0.79 (0.21) 1.29 (0.10) 16.18* (0.04) 7.80 (0.45)

Western Africa Log(EC) 0.05 (0.52) 2.85 (0.99) 2.15 (1.00) 2.34 (1.00)

Log(RGDP) 9.25 (1.00) 4.68 (1.00) 0.01 (1.00) 1.45 (1.00)

Note: LCC, IPS, ADF and PP implies Levin, Lin and Chu Test; Im, Pesaran and Shin Test; ADF Fisher Chi Square and PP Fisher Chi

Square Tests respectively. The number in parenthesis represents the probability value, while *, **, and *** represent 1%, 5% and

10% level of significance respectively.

Table 2: Panel unit root test (at first difference)

Countries At first difference Order of 

integration

LLC IPS ADF PP

Central Africa Log(EC) 5.29* (0.00) 3.78* (0.00) 44.05* (0.00) 46.09* (0.00) I (1)

Log(RGDP) 4.67* (0.00) 3.70* (0.00) 37.96* (0.00) 59.68* (0.00) I (1)

East Africa Log(EC) 2.65* (0.00) 1.73* (0.04) 13.47* (0.03) 18.96* (0.00) I (1)

Log(RGDP) 4.11* (0.00) 3.88* (0.00) 26.46* (0.00) 37.79* (0.00) I (1)

Southern Africa Log(EC) 2.66* (0.00) 7.28* (0.00) 13.54** (0.09) 32.52* (0.00) I (1)

Log(RGDP) 3.00* (0.00) 4.29* (0.00) 33.36* (0.00) 73.72* (0.00) I (1)

West Africa Log(EC) 5.89* (0.00) 5.34* (0.00) 52.20* (0.00) 94.29* (0.00) I (1)

Log(RGDP) 4.91 (0.00) 8.48* (0.00) 86.15* (0.00) 87.32* (0.00) I (1)

Note: LCC, IPS, ADF and PP implies Levin, Lin and Chu Test; Im, Pesaran and Shin Test; ADF Fisher Chi Square and PP Fisher Chi

Square Tests respectively. The number in parenthesis represents the probability value, while *, **, and *** represent 1%, 5% and

10% level of significance respectively. 
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Table 3a: Panel cointegration test

Kao Residual Cointegration Test

Test statistics P value

Central Africa 2.542* 0.01

East Africa 3.323* 0.00

Southern Africa 1.736* 0.04

West Africa 3.253* 0.00

Johansen Fisher Cointegration Test

Maximum Eigenvalue

Trace test P value Test P value

Central Africa 21.73 0.017 19.05 0.04

East Africa 16.55 0.011 13.9 0.03

Southern Africa 24.43 0.002 21.47 0.09

West Africa 47.5 0.000 18.79 0.01

Table 3b: Panel cointegration test

Westerlund (2007) Cointegration Test

Test statistics Value Z-value P-value

Gt -3.946 -8.399 0.00

Central Africa Ga -29.075 -10.956 0.00

Pt -10.948 -2.311 0.01

Pa -23.005 -9.98 0.00

East Africa Gt -3.987 -8.616 0.00

Ga -27.066 -9.675 0.00

Pt -11.051 -2.431 0.01

Pa -23.957 -10.656 0.00

Southern Africa Gt -4.067 -9.036 0.00

Ga -28.267 -10.441 0.00

Pt -11.884 -3.401 0.00

Pa -5.449 2.489 0.994

West Africa Gt -3.785 -7.547 0.00

Ga -36.864 -15.924 0.00

Pt -11.142 -2.537 0.01

Pa -24.219 -10.842 0.00

Table 4: Toda and Yamamoto causality analysis

Direction of causality analysis

Wald test statistics (prob. value)

Variables Log(EC) Log(RGDP)

Central Africa Log(EC) – 1.1658(0.56)

Log(RGDP) 0.8943(0.64) –

East Africa Log(EC) – 1.9787(0.37)

Log(RGDP) 5.1950(0.07) –

Southern Africa Log(EC) – 0.0976(0.95)

Log(RGDP) 4.8123(0.09) –

West Africa Log(EC) – 1.9000(0.397)

Log(RGDP) 0.4104(0.81) –



The null hypothesis of no cointegration is rejected

at the 1% significance level. The results with the

bootstrapped p-values (that take cross-country

dependence into account) provide stronger evi-

dence of cointegration relationship between energy

consumption, and Economic Growth. 

4.3 Toda and Yamamoto causality analysis

The existence of long run relationship between the

variables leads us to examine the direction of

causality between Energy consumption and Real

GDP using the Toda and Yamamoto (1995) test

with maximum lag order 2 reported in Table 4. The

results from the significance of the p-values of the

Wald (WALD) statistics show causality from energy

consumption to economic growth in the selected

SSA countries, likewise, in East and Southern Africa

Sub-region. But, there is no causality between ener-

gy consumption and Economic growth in Central

and Western Africa Sub-region. 

5. Discussion of results

Our findings that Energy Consumption in the East

and Southern Africa Sub-region Granger, cause

economic growth, and suggest that energy con-

sumption plays an important role in economic

growth. It implies that economic growth is depend-

ent on energy consumption, and a decrease in

energy consumption may restrain economic

growth. This in some respects corroborates some

earlier studies on energy consumption and

Economic growth; see for example, Odhiambo

(2009) for Tanzania; Adeniran (2009) for Nigeria;

likewise, Odhiambo (2010) for South Africa, Kenya

and Congo Democratic Republic; Apergis and

Payne (2009), Khan and Qayyum (2007) for

Pakistan, Bangladesh, India and Sri Lanka; and

Soytas and Sari (2003) for France, Germany and

Japan.
However, it was found that there is no causality

between energy consumption and economic

growth in the Central and Western Africa Sub-

region. In other words, both energy consumption

and economic growth are neutral with respect to

each other in the two sub-regions. Other studies

that are in line with this neutrality hypothesis are;

Sarkar et. al., (2010) for Bangladesh; Yu and Choi

(1985) and Cheng (1995) for the United States as

well as Menegaki (2010) for 27 European countries;

and Acaravci and Ozturk (2010) for 15 Transition

economies. Our results confirm the inconclusive

nature of causality relationship between Energy

consumption and Economic Growth.

6. Conclusion and policy implications 

This paper reassessed the causality between energy

consumption and Economic growth using data for

18 Sub-Saharan Africa countries for the period

1980 – 2011. We made use of panel unit root and

co-integration tests to address order of integration

and long run relationship respectively, likewise,

Toda and Yamamoto causality analyses were con-

ducted so as to give more efficient results, towards

achieving the objectives of the paper.

We found a stable long-run relationship between

energy consumption and Economic growth. The

results of Toda and Yamamoto causality analyses

supported growth hypothesis for the East and

Southern Africa Sub-region, as we found causality

from energy consumption to Economic growth.

This indicates that energy is a force for economic

growth in the long-run. We can say high Energy

Consumption tends to come with high economic

growth. In the light of this discussion, it is reflected

that energy serves as an engine of economic growth

and economic activity will be affected in the result

of changes in Energy Consumption. This means

that continuous energy use does produce a contin-

uous increase in output. So the related authorities in

the East and Southern Africa Sub-regions’

economies should take a special interest in different

sources of energy and invest more in this sector, and

invite foreign investors to invest in this sector, and

make suitable policies in this regard and find new

alternate and cheap sources of energy. Enhance-

ment in or establishment of Research and

Development departments and increase their effi-

ciency is also needed in time, so that it creates a

multiplier effect on GDP and as a result prosperity

will come into these economies. 

On the other hand, it was found that there is no

causality between energy consumption and eco-

nomic growth in Central and Western Africa Sub-

region. This is in line with the neutrality hypothesis.

In other words, both energy consumption and eco-

nomic growth are neutral with respect to each other.

The conservation policies in favour of the energy

sector have no effect on economic growth.

Note

1. SSA countries used in the analysis:

Central Africa E Africa Sthn Africa W Africa

Cameroon Ethiopia Angola Benin 

Congo DR Kenya Botswana Cote d’Ivoire

Congo, Rep Tanzania Mozambique Ghana

Gabon South Africa Nigeria

Zambia Senegal

Togo
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