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This is followed, at a distance, by energy intensity with a coefficient of variation of 32.6 per cent 

within countries and population density with 134.7 per cent between countries. Service value-

added as a percentage of GDP (SVA) is the least volatile within and between countries. With a 

mean of 70, trade contributes the most to GDP. The maximum and minimum values show the 

extent to which energy intensity levels in the region have fluctuated over the study period. 

 

5.1.5 Scatterplot 

The linear fit (a) and quadratic fit, (b) graphs in figure 5.1 both show a negative 

downward-sloping (inverse) relationship. This implies that energy intensity and GDP per capita 

growth have a negative linear relationship for the data sample. 

 

 

 

 

Figure 5.1: Scatterplot of Energy Intensity and Economic Growth 
Source: Author’s compilation. 

 

5.2 Regression Results 

From the unit root test for the lnEI, we failed to reject the null of no unit root in the panel 

(see Appendix B). This suggests the presence of a random walk in the model, and as such, the 

difference GMM will yield biased and inconsistent estimators. Therefore, we adopt the one-step 

and two-step system GMM to estimate equation (30). Only the GMM result is discussed in this 
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analysis because as stated earlier it is more appropriate for dynamic models and in situations with 

small T and large N, it produces more efficient parameter estimates than most of the primary 

panel estimation techniques. The estimation results show a positive and statistically significant 

relationship between the lag of the natural log of energy intensity and the natural log of energy 

intensity. This implies that a 1 per cent increase in the previous year’s energy intensity levels will 

result in a 0.994 per cent and 1 per cent increase in the current year’s energy intensity for the one-

step, and two-step estimation respectively. 

 In line with our first objective, and consistent with equation (30), a negative and highly 

statistically significant result is observed between energy intensity and economic growth. This 

negative relationship means that a 1 per cent growth increase will result in a 0.009 per cent fall in 

energy intensity. This coefficient implies that the fall in energy intensity as a result of an increase 

in growth will be minimal. Thus, economic growth alone cannot reduce energy intensity. It must 

be complemented with energy efficiency reforms. There are three plausible explanations for this 

negative relationship: i) structural change; ii) efficiency improvement; and iii) fuel substitution 

(Sadorsky, 2013). Structural change occurs as countries move from the early stages of 

industrialisation where the agricultural sector is the major player, and it is less energy-intensive, 

so energy intensity levels are low, to post industrialisation stage where the manufacturing sector 

gives way to the service sector which is less energy-intensive. In the early stage of 

industrialization, energy intensity may rise until it gets to a saturation point where material 

consumption is geared towards a replacement of durables rather than creation, so intensity level 

will fall. (Sadorsky, 2013). Efficiency improvements and fuel substitution result from 

technological advancement that comes with economic growth that results in increased 
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opportunities for more efficient production processes which therefore reduces energy intensity 

(Deichmann et al., 2018).   

                                                 
27 The second lag of the natural log of energy intensity enters the GMM model as an endogenous variable. 

Table 5.5: Regression Results27 

   SYS-GMM 

 FE FE One-Step Two-Step 

Lag_lnEI 0.912*** 0.912*** 0.994*** 1.000*** 

 (-0.024) (-0.024) (-0.037) (-0.025) 

GDPPCG -0.008*** -0.008*** -0.009*** -0.009*** 

 (-0.001) (-0.001) (-0.001) (-0.001) 

GDPPCG2  0.000 0.000 0.000 

  (-0.000) (-0.000) (-0.000) 

PopD 0.000 0.000 0.000 0.000 

 (-0.000) (-0.000) (-0.000) (-0.000) 

RegQ -0.025* -0.024 0.001 0.005 

 (-0.025) (-0.014) (-0.016) (-0.010) 

Trade  -0.001 -0.001 -0.000 0.000 

 (-0.000) (-0.000) (-0.000) (-0.000) 

AVA 0.000 -0.000 0.001 0.001 

 (-0.001) (-0.001) (-0.001) (-0.001) 

IVA 0.000 0.000 0.002 0.002 

 (-0.002) (-0.002) (-0.002) (-0.001) 

SVA -0.001 -0.001 0.002 0.001 

 (-0.001) (-0.001) (-0.00) (-0.001) 

Constant 0.206 0.207 -0.114 -0.119 

 (-0.143) (-0.143) (-0.19) (-0.171) 

Observations 530 530 530 530 

Instruments   72 72 

R-squared 0.986 0.986 
  

AR(1)   0.002 0.002 

AR(2)   0.336 0.336 

Sargan   0.480 0.480 

Hansen-J    0.999 0.999 

Source: Author’s estimation. 

 

Note: Standard errors are in parentheses.   *, **, and *** signifies significance at the 10%, 5% and 1% 

levels respectively level. The dependent variable is lnEI. 
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Higher levels of income enable investment in advanced technology and substitution between 

energy inputs which increases efficiency. At high levels of income, the cost of input substitution 

and energy-efficient investment relative to income is low. (Adom, 2015b). 

The squared term, introduced to test for the non-linearity of the energy intensity and 

economic growth relationship, the second objective of this study is positive but statistically 

insignificant. This suggests that energy intensity and economic growth have a linear relationship 

in the case of SSA. This observation is consistent with our scatterplots in figure 5.1, and findings 

by Luzzati and Orsini (2009). All the control variables are statistically insignificant. This suggests 

that these variables have no statistically significant impact on the energy intensity levels in SSA. 

The Hansen-J’s statistic is statistically insignificant. This suggests that there is no evidence of 

misspecification in the model (Hansen, 1982). The Sargan test is statistically insignificant 

meaning that the overidentifying restrictions are valid (Sargan, 1958). Similarly, the AR (2) for 

both tests are statistically insignificant and thus indicates that the error terms are not serially 

correlated (Arellano and Bond, 1991). 

 

5.3 Causality Result 

5.3.1  IPS Test 

From results presented in Table 5.6, both GDP per capita and energy intensity are 

stationary at levels at the 1%, 5% and 10% significant level. Suggesting the variables have a long-

run relationship. From the causality test results in Table 5.7, the Z-bar wilde result is presented 

because according to Lopez and Weber (2017) in situations with large N and small T the Z-bar 

wilde test result should be favoured. 
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Table 5. 6: IPS Unit Root Test 

 ADF PP 

Variables Levels Levels 

EI   -1.424* -1.556** 

GDPPCG -24.310*** -24.310*** 

Source: Author’s compilation 

  Note: *, **, and *** signifies significance at the 10%, 5% and 1% levels respectively. 

 

The results show a unidirectional causality from economic growth to energy intensity. That is, we 

reject the null of no causality from economic growth to energy intensity at the 1% significant 

level. This means that past values of economic growth can be used to predict present values of 

energy intensity, but past values of energy intensity cannot be used to predict present values of 

economic growth. 

Table 5. 7: DH Panel Causality Test 

Ho: Y does not Granger-cause X 

Energy Intensity to Economic Growth Economic Growth to Energy Intensity 

Tests Z-bar Stats. P-value Tests Z-bar Stats. P-value 

EI→ GDPPCG 0.947 0.344 GDPPCG→EI 3.721 0.000*** 

Source: Author’s estimation. 

Note: *** signifies significance at the 1% level. 

 

 

5.4 Convergence Result 

Investigating convergence among countries is very important and crucial. The evidence 

of convergence provides information that will enable the establishment of fair global 

environmental constraints on countries. (Liddle, 2010). This is more beneficial to developing 

countries because it ensures that they can either maintain or increase their growth (Kiran, 2013). 

The results for the test for -convergence are reported in Table 5.8, and reveal a statistically 
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significant negative . That is, -convergence is confirmed. This means that the countries with 

initially high levels of energy intensity are observing a faster decline in energy intensity levels 

than countries with initially low levels of energy intensity (Liddle, 2010). A plausible explanation 

for convergence is that developing countries are benefitting from advanced technology and the 

knowledge used by industrialized countries. Hence, they would converge to a lower level of 

energy intensity within a shorter time frame as compared to the time taken by developed countries. 

A process referred to as leapfrogging. (Mielnik and Goldemberg 2000). The result is consistent 

with the findings of Mielnik and Goldemberg (2000), and Markandya et al., (2006). 

According to Quah (1993), -Convergence is not a sufficient condition to make a 

conclusion about convergence because it does not capture a number of potentially interesting 

features of the evolution of the distribution. Hence, the standard deviation and coefficient of 

variation for energy intensity are calculated to test for -Convergence among SSA countries. 

Table 5. 8: Test for -Convergence 

Variable Coefficients 

Initial EI levels     -0.005*** 

(0.002) 

GDP per capita -0.000 

(0.000) 

Urbanisation 0.000 

(0.000) 

R2 0.055 

Observations 212 

Source: Author’s estimation. 

 

Note: Standard errors are in parenthesis. *, **, and *** signifies significance at the 10%, 

5% and 1% levels respectively. The dependent variable is the change in energy intensity. 

 

Table 5.9 presents the evolution of cross-country energy intensity differences. Even 

though there were periods of increase in energy intensity levels, by 2015, it has declined. 

Therefore, the decline in the coefficient of variation from 1990 to 2015 confirms the presence of 

-Convergence. 
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Table 5.9: Test for -Convergence 

Energy Intensity Obs Mean SD CV 

1990 45 10.25 8.492 82.849 

1995 47 11.476 11.157 97.220 

2000 47 9.798 8.03 81.956 

2005 47 9.627 8.157 84.730 

2010 47 8.799 7.642 86.851 

2015 47 7.157 5.074 70.896 

Source: Author’s calculation. 

 

Note: Obs, SD and CV are observations, standard deviation and coefficient of variation, respectively. 

 

Since beta is negative and significant at the 1% significance level, and the standard deviation 

declined from 1990 to 2015, we can argue that SSA is converging to a common level of energy 

use and as such energy inequality across the region is falling. This could be as a result of the 

successful diffusion of energy-related technology among the countries (Herrerias, 2012).  
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CHAPTER SIX 

CONCLUSION AND RECOMMENDATIONS 

 

6.0 Introduction 

There have been growing concerns on the risks energy intensity possess for the world, and 

especially to developing countries. This study investigates, whether economic growth drives 

energy intensity in SSA, the region that houses more than half of the world’s extreme poor. 

 

6.1  Summary 

While there has been research done on how growth affects energy intensity, little is known 

about how growth affects energy intensity in SSA. Understanding this relationship is a step 

toward mitigating the risks that come with climate change. This study presents various theoretical 

and empirical analysis of the energy intensity and economic growth nexus with a focus on SSA. 

Drawing from the works of Deichmann et al. (2018), and Mahmood and Ahmad (2018) this 

research reports a dynamic panel model estimation and a set of diagnostic tests to achieve its 

objectives. The estimated coefficient of the growth variable is negative and statistically 

significant. This result is vital in proving that an increase in growth reduces energy intensity.  

 

 

6.2 Conclusion 

The GMM estimation technique, and fixed-effect model, are adopted to address the 

empirical questions of this study. An unbalanced panel dataset from 1990 to 2015 of the 48 

countries in SSA is used. From the diagnostic tests and regression results, a strong negative and 

statistically significant relationship is observed between energy intensity and economic growth 
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for SSA during the review. This result is consistent with findings from earlier studies by 

Mahmood and Ahmad (2018); Deichmann et al. (2018); and Su-yun and Zhen-yu (2010), but is 

in contrast with findings by Aboagye and Alagidede (2016). From the result of this study, we also 

conclude that there is a non-linear relationship energy intensity and economic growth in SSA for 

the referenced period. That is, the theory of the EKC in energy intensity does not hold for our 

analysis. This supports findings by Luzzati and Orsini (2009).  

There is also a unidirectional causality from economic growth to energy intensity. Finally, 

concerning the fourth objective (convergence in energy intensity), our results confirmed both the 

presence of a negative and statistically significant beta and a decline in the standard deviation, 

sigma convergence, supporting findings by Nilsson (1993) and Mielnik and Goldemberg (2000). 

We can, therefore, conclude that economic growth does not drive energy intensity in SSA, and 

the region is converging to a lower level of energy intensity. 

 

6.3 Recommendations  

A decline in energy intensity can partially ease climate change impacts and energy 

security risks (Sadorsky, 2013). Our results show that energy intensity declines with economic 

growth in SSA. This implies that economic policy that increases income in SSA will likely reduce 

energy intensity. Therefore, policymakers should implement strategies that would boost growth 

in the region and hence a fall in energy intensity levels. Countries can invest in human capital 

development which could improve efficiency (Penner, 2015). They can create an enabling 

environment to encourage Foreign Direct Investment which would provide a source of long-term 

finance, technology transfer and access to the global market (Lewis, 2001). They can also promote 
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privatization through the establishment of property rights, fosters specialization and increases 

productivity (Filipovic, 2005).  

Because the causality is unidirectional from economic growth to energy intensity and the 

relationship is negative energy conservation policies can be implemented without worries of it 

affecting growth. Therefore, in order to reduce energy intensity conservation policies such as the 

removal of fuel subsidy should be introduced by the Government and managed by the Ministry 

of Finance and National Petroleum Agencies. The Government can also provide financial 

incentives and make them flagships of Local/Municipal Councils. Energy Tax could also be 

implemented by the Environmental Protection and Revenue Agencies. 

Convergence is usually associated with rapid economic changes made by developing 

countries (Maza and Villaverde, 2008). These economic changes most often result in the 

reduction of technological inequality across countries (Herrerias, 2012), leading to convergence. 

Therefore, more of those policies that encourage technological innovations such as copyrights 

law, good governance and the rule of law should be implemented to promote changes and further 

promote efficiency savings and reduce carbon dioxide emissions.  

 

6.4 Area for Further Study 

A possible area of study includes a decomposition analysis of energy intensity in SSA. 

This will inform policymakers of the sectors that are more energy-efficient and those that 

contribute more to energy intensity. Evidence of convergence as a group does not mean 

convergence for individual countries (Anoruo and DiPietro, 2014). Hence, a further study can be 

undertaken to test for convergence for the different countries and the rate at which they are 

converging with respect to energy intensity. 
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APPENDIX 

Appendix A: Unit Root test for the Lag of the Natural Log of Energy Intensity 

Fisher-type unit-root test for Lag_LEI   

Based on augmented Dickey-Fuller tests  
--------------------------------------   

   

Ho: All panels contain unit roots           Number of panels       =     48 

Ha: At least one panel is stationary        Avg. number of periods =  24.46 

     

AR parameter: Panel-specific                Asymptotics: T -> Infinity 

Panel means:  Included 

Time trend:   Included                      Cross-sectional means removed 

Drift term:   Not included                  ADF regressions: 0 lags 

------------------------------------------------------------------------------  

                                                                Statistic              p-value 

------------------------------------------------------------------------------  

 Inverse chi-squared(94)           P         97.0348             0.3945 

 Inverse normal                          Z         -0.2433               0.4039 

 Inverse logit t(239)                   L*       -0.3300              0.3709 

 Modified inv. chi-squared       Pm       0.2213             0.4124 

------------------------------------------------------------------------------  

 

 P statistic requires a number of panels to be finite.  

 Other statistics are suitable for a finite or infinite number of panels. 

------------------------------------------------------------------------------  
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Appendix B: Description of Variables 

No Variable Description Expected 

Sign 

1 Energy Intensity Energy intensity level of primary energy is the ratio of energy supplied and 

gross domestic product measured at purchasing power parity. Energy 

intensity is an indication of how much energy is used in producing one unit 

of economic output. A lower ratio indicates that less energy is used in 

producing one unit of economic output. Primary energy is energy in its 

natural form, which has not been transformed. These include coal, natural 

gas and crude oil (OECD/IEA, 2014).  

+/- 

2 GDP Per Capita GDP per capita is gross domestic product divided by the mid-year 

population. GDP per capita is used as a proxy for growth because it 

measures the standard of living in each country which is useful for studies 

across countries. GDP is the sum of gross values added by all resident 

producers in the economy plus any product taxes minus subsidies. 

+/- 

3 GDP Per Capita 

Growth 

GDP per capita growth is the annual percentage growth rate of GDP per 

capita at constant local currency. The aggregates are based on constant 2010 

U.S dollars. 

 

4 Agriculture Value-

Added 

This includes the value-added of forestry, hunting and fishing and 

cultivation of crops and livestock production. It measures the overall 

contributions of these sectors to GDP. 

 

- 

5 Industry Value -

Added 

This includes the value-added in the mining, manufacturing, construction, 

electricity, water and gas sector to GDP. It measures the overall 

contributions of these sectors to GDP. 

+ 

6 Service Value-

Added 

This is the net output of the service sector. It measures the overall 

contributions of the service sector to GDP 

 

- 

7 Population Density this is the mid-year population divided by land area in square kilometres. 

The population here is based on the de facto definition, which counts all 

residents regardless of their legal status or citizenship as part of the 

population of that country except refugees who are not permanent residents 

in the asylum countries. The land is a country’s total land area, excluding 

areas under inland water bodies, national claims to the continental shelf and 

exclusive economic zones. 

+ 
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8 Regulatory Quality This measures the ability of the government to formulate and implement 

sound policies and regulations that permit and promote private sector 

development. Scores are given on the aggregate indicators in standard 

normal distribution unit ranging from -2.5 to 2.5.  

 

- 

 

 

 

 

 

 

 

 

 

 

University of Ghana http://ugspace.ug.edu.gh



  

93 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

University of Ghana http://ugspace.ug.edu.gh



  

94 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

University of Ghana http://ugspace.ug.edu.gh



  

95 

 

 

 

 

 

 

University of Ghana http://ugspace.ug.edu.gh




