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ABSTRACT

Having access to electricity is one of the big challenges nowadays. It is a basic requirement for any community as it can improve the living standards 
characterized via the improvement of healthcare, education, and the local economy at large. Henceforth, electricity plays a major role in the economic 
and social development in many countries. The United Nations are working to ensure an easy access to safe energy technologies as from 2030. To cope 
with this point of view, this paper aims to use the relation between electricity and the human development index (HDI) in order to predict the value 
of HDI in a short term. In this relation, two parameters x and y are used to study the dependency between the HDI and electricity consumption and 
production conjointly. To fulfill our goal, the values of electricity production, electricity consumption and HDI for a period are used into our optimization 
technique namely particle swarm optimization (PSO). The best values of our parameters x and y are obtained under different scenarios based on three 
criteria: number of iterations, population, and limit of convergence. The results obtained after simulations leads to the value of HDI of about 0.68 in 
2030, with 100 iterations, 100 populations and 0.05 as limit of convergence. The predicted value obtained is closed of the theoretical value presented 
into the electricity sector development plan. Thus, this helps to appreciate the impact of energy on the social and economic development of Cameroon.
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1. INTRODUCTION

The access to energy services is an answer to basic social 
needs for a country, thus to its economic development. Indeed, 
energy, in particular electricity, has an impact on productivity, 
health, education, water, and communication (International 
Energy Agency, 2014). The conception of three pillars of 
sustainability (social, economic, environmental) represented 
by three circles that intersect with overall sustainability at the 
center of the slice of the three rings is an attempt to reconcile 
economic growth as a solution to social and ecological problems 
(Purvis et al., 2019). Paramati et al. (2022) analyzed the role of 
the environment on energy demand and energy efficiency for 

various countries and their results confirm a great dependency 
between both. In addition, the energy per living and electricity 
consumption rely highly on economic development and 
others modern life indicators. These indicators are based on 
the hypothesis that the electricity consumption depends on 
life well-being and good health (Starr, 1972). The essential 
characteristic of the energy, and the emphasis developed to his 
access are the main contributors to the economic growth, the 
reduction of poverty and inequalities (Poloamina et al., 2013). 
The energy use has also significantly influences the economic 
management of the country (Chien et al., 2021; Moslehpour 
et al., 2022; Naseem and Ji, 2021; Usman and Makhdum, 2021; 
Vo et al., 2019).
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Since decades, the United Nations for Development Project 
computes the human development index (HDI) as a key indicator 
to assess the level of development of countries. This social factor 
classifies countries based not only on the economic growth, but 
also on the qualitative development. Based on Amartya Sen’ 
Capability Approach, the HDI measures human development by 
combining information of medical and health levels, education and 
income (Assa, 2021; Mariano et al., 2021). The HDI is a summary 
of three data series: (1) Health to assess the contribution of material 
needs such as food, water, homes, hygiene, and medical care. (2) 
Knowledge which is measured by the average level of people of 
more than 25 years going to school. It shows the contribution of 
non-material needs such as the ability to participate to decisions-
making in various workplaces. (3) The level of life which consists 
of elements of good life quality not described by the two previous 
criteria such as mobility or access to culture. The measurement 
of sustainable development achieved, environmental, social and 
economic factors provide as result the environmentally sustainable 
index and HDI (Strezov et al., 2017). The development of a society 
depends on the energy consumption and energy production. Thus, 
energy plays an important role in the quantification of the HDI 
for developing countries. Furthermore, energy is considered as 
a requirement to the sustainable development, eradication of 
poverty and inequality (Kanagawa et al., 2007; Kanagawa et al., 
2008; Ouedraogo, 2013a). Many studies have been developed on 
the potential impact of such consideration. It is known that the 
electricity consumption depends highly on the HDI and Gross 
Internal Product over 120 countries (Kanagawa et al., 2008). 
Studies revealed that countries with high level of electricity 
consumption are ranked among the best in terms of economic 
activities and HDI. In some countries, the electricity consumption 
improves the human development (Niu et al., 2013). Furthermore, 
it is crucial to the welfare of population in developing countries 
(Mazur, 2011). A correlation study shows a strong dependence 
between the energy consumption and the HDI for over 120 
countries (Martinez et al., 2008). The study concluded that a 
slight increase in energy access is associated with improvement 
in human development for poor countries. Economic crisis and 
a rise in electricity prices are reported to have harmful welfare 
consequences among the lower-income group (Romero-Jordán 
et al., 2016). Though electricity consumption is generally good 
for both the poor and the rich, however, an increase in electricity 
prices affects the livelihood of the poor compared to the rich. 
It is argued that energy poverty based on inadequate access to 
modern energy services is a direct consequence of income poverty 
(Balachandra, 2011).

The inability of the poor to pay for energy services exacerbates 
poverty situations and widens the inequality gap between the poor 
and the rich. In a panel of 15 developing countries, it is reported 
that energy prices induce HDI but electricity consumption has 
no short-term impact on it (Ouedraogo, 2013b). However, in the 
long term, electricity consumption is found to positively impact 
HDI. There exist a handful of studies that consider the impact 
of electricity consumption on poverty, inequality, quality of life 
or HDI. The few studies reviewed largely point to the view that 
electricity access is good for the poor. However, the effect of 
political economy on the nexus between energy consumption 

and HDI has not been investigated. In developing countries, the 
government plays a major role in building and pricing energy 
infrastructure (Van Beers et al., 2013), hence, the distribution and 
access to electricity are more often a political decision. Energy 
policy, therefore, remains a net political gain rather than efficiency 
and economic rationality (Adams et al., 2016). This is the case 
in developing countries where the government largely subsidizes 
the prices of energy. In sub-Saharan Africa, issues of energy are 
key agenda on political declarations and campaigns. Politicians 
promise to reduce energy prices and to extend electrification, 
especially in rural areas. As a result, government inefficiencies 
extend to the energy sector especially as leadership appointments 
in the sector are done by the government. It is argued that energy 
has become political due to the increasing demand (influenced 
by economic growth) for energy, especially in emerging 
economies (Hughes et al., 2013). This induces an increased cost 
that encourages the government to subsidize the price in order 
to improve accessibility and affordability especially to the poor. 
In this paper, we examine the impact of electricity access, HDI 
and political system environment on income inequality. We 
further examine whether governance environment moderates the 
electricity access-income inequality relationship.

Hence, studying this indicator is of a vital scientific interest. Several 
researches aim to present a relation between this parameter and the 
energy development of a country. Cameroon, a developing country, 
and which is the study case, shows a low progression of this human 
factor. This justifies the various projects launched in the country to 
improve the access to electricity and thus the development.

The aim of this work is to show the dependency of development 
with energy sector by computing the HDI in 2030. Indeed, the 
result obtained is closed to the rhetorical value predicted by the 
electricity sector development plan (ESDP). To reach our purpose, 
we use the data series of electricity production and consumption 
transversally related to the HDI and irregularly spaced in time. 
The series data are from 1990 to 2019. The quantitative evidences 
of impact of electricity on the economic development justify this 
study. To achieve our goal, we use the optimization technic PSO, 
to predict the value of the HDI in 2030.

Furthermore, this paper is structured as follow: Section 2 presents 
the material and methodology used; Sections 3 and 4 describe the 
results and conclusion respectively.

2. DATA DESCRIPTION AND 
METHODOLOGY

2.1 Electricity Consumption and Production in 
Cameroon
Cameroon, a developing country, have had in 2019 a total 
electricity consumption of 5600GWh and 8505GWh electricity 
production. This shows an increase of 3399GWh in terms of 
production, compared to 2006 when ESDP has been launched.

Figure 1 shows the yearly electricity consumption and 
production in Cameroon from 1990 to 2019 (International 



Molu, et al.: Investigating the Dependency between Electricity and the Human Development Based on Metaheuristic Optimization

International Journal of Energy Economics and Policy | Vol 12 • Issue 5 • 2022 57

Energy Agency data base, 2021). It is interesting to note that 
the production is the sum of both renewable and conventional 
energy sources. The various sources are: biofuels, natural 
gas, oil, hydroelectricity, photovoltaic which part on the 
total production is <1% (International Energy Agency data 
base, 2021). It presents the predominance of production over 
consumption within the years. Nevertheless, the country is still 
suffering from energy deficit. It would therefore be interesting to 
focus on the impact of electricity production and consumption 
on the human development by computing the HDI, especially in 
2030. This will help to show a significant dependency of social 
development with energy, namely electricity both in terms of 
production and consumption.

2.2. HDI in Cameroon
In 2019, the HDI in Cameroon was 0.53. This ranks the country 
153rd among the 189 countries in the World. It increased by 0.115 
compared to 1990 when the country has not yet launched major 
development projects.

Figure 2 shows the evolution of the HDI in Cameroon from 1990 
to 2019 (United Nations Development Program, 2020). Knowing 
the HDI consists of three elements namely: health, knowledge and 
level of life, the correlation of this factor with electrical energy 
(both production and consumption) is very great in Cameroon, 
developing country. It shows a necessity to emphasize on the 
energy sector to increase the economy.

2.3. Generalities on HDI
In general, the HDI (HDIyz) is used as a statistical tool to scale a 
nation’s general achievement in its social and financial measures. 
HDI is the sum of elements “y” and control approach “z” evaluated 
based on given equation. In this paper, consider that a division 
of yearly surplus energy can be used by small workshops, new 
trades, employment that can reform the standard of living and 
consequently the HDI. The surplus energy which is generated by 
non-conventional sources which cannot be utilized, i.e., surplus 
energy is energy generated during every hour by non-conventional 
sources such as biomass generator, wind turbines and PV system 
which cannot be consumed by AC load because AC load is 
less than production and it is as of now secured. Such surplus 

energy can’t be stored in the battery bank of the system since it is 
completely charged. Part of the surplus energy can be utilized by 
AC additional loads which were not considered when the load was 
characterized. Thus, surplus energy generates new business and 
jobs. The author developed an equation for logarithmic dependence 
by using 128 nations’ data through the various parameters (Rodolfo 
et al., 2016).
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f
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SE =  Element of maximum surplus energy which may be 

utilized for AC additional load
f
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=  Element to increase yearly AC load in order that the 

maximum surplus energy utilized by the additional AC 
load may not be superior to that product

P
SE  = Yearly surplus energy of the system in kWh/yr

n
HUMAN

 =  Number of humans which consume the generated 

power through the hybrid system.

2.4. Particle Swarm Optimization (PSO) Approach
PSO algorithm is a stochastic optimization technique based on 
swarm, which was proposed by (Eberhart and Kennedy, 1995) PSO 
algorithm simulates animal’s social behavior, including insects, 
herds, birds and fishes. These swarms constitute a cooperative way 
to find food, and each member in the swarms keeps changing the 
search pattern according to the learning experiences of its own 
and other members.

Figure 1: Annual electricity production and consumption in cameroon 
from 1990 to 2019

Figure 2: Evolution of HDI in cameroon from 1990 to 2019
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PSO performance is comparable to genetic algorithms or ant 
colony algorithm since it is faster and less complicated; it has 
also successfully been applied to a wide variety of problems. It is 
simple to implement and is a very efficient global optimizer for 
continuous variable problems (Schutte et al., 2007).

The PSO algorithm consists of three main steps as follows:
•	 Evaluate the fitness of each particle
•	 Update individual and global best finesses and positions
•	 Update velocity and position of each particle.

Each particle remembers the best fitness value it has achieved 
during the operation of algorithm. The particle with the best fitness 
value compared to other particles is also calculated and updated 
by iterations. The process is repeated until some stopping criteria, 
such as number of iteration or predefined target fitness value, are 
met. The position of each particle in the swarm is updated using 
the following equation:
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Where x is particle position and v is particle velocity in iteration 
k. The velocity is calculated as follows:
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Where,
•	 pi is the best individual particle position and pg is the best 

global position, c1 and c2 are cognitive and social parameters, 
r1 and r2 are random numbers between 0 and 1

•	 v
k

i , called inertia, it makes the particle move in the same 
direction and with the same velocity

•	 c r p x
k

i

k

i

1 1
−( ) , is the cognitive component, causing the 

particle return to a previous position in which it has 
experienced high individual fitness

•	 c r p x
k

g

k

i

2 2
−( ) , is the social component, causing the particle 

tend to return to the best region the swarm has found so far 
and to follow the best neighbor direction. If c1>>c2 then each 
particle is much attracted to individual best position, in the 
contrary, if c2>>c1, then particles are more attracted to global 
best position. In this study the value of certain parameters is 
optimized by using PSO.

Figure 3 below describes the flowchart of the PSO:

2.5. PSO based approach for calculating HDI
In this section, we compute the HDI using the relation (1). Knowing 
this factor depends on electricity, let us express HDI Practical as an 
electrical linear function of the HDI such that:

HDI Practical =Aplha* HDI(x,y);

Figure 3: Flowchart of the particle swarm optimization algorithm

Where:
•	 X and Y denote respectively the two parameters f

max
SE

 and 
f
max

PLOAD

•	 Alpha denotes the linear dependency coefficient of the HDI 
with the electricity

•	 These parameters are determined using the PSO and the error 
of convergence of the algorithm is set at 5%.

Figure 4 presents the flowchart to evaluate the HDI based on PSO 
algorithm:

3. RESULTS AND DISCUSSION

This section presents the optimal values of the parameters of the 
model to compute the HDI of Cameroon as a case study using PSO 
optimization technique. The values obtained argue the fact that 
development of a country relies on electricity sector, especially 
the electricity production. MATLAB (2021a) has been used in 
implementing this work. For PSO, the population size, swarm size 
and class size have been taken as 100 and the number of iterations 
is 150. The maximization of multi-objective function (Fmulti-
objective) is considered for each iteration using PSO; hence the 
optimal solutions are obtained according to the best value of the 
multi-objective function. The error for the exit condition is set 
at a maximum of 0.05. To find the minimum value of the multi-
objective function (Fmultiobjective) is the main objective and the 
significance of feasibility for the objective indices is determined 
by the best value of (Fmulti-objective). Different simulation cases 
are shown below:

3.1. Case 1: Different Values of Iterations
This section presents the results obtained for different values of 
iterations of the algorithm in Table 1. In this case, we will set the 
number of populations at 100 and the limit of convergence at 0.05.

Results show that increasing the number of iterations has an impact 
on the results. Furthermore, it becomes less accurate when the 
number of iterations is higher. Like what, taking the number of 
iterations at 100 can be more reliable.
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Figure 4: Flowchart for the computation of the HDI parameters using 
PSO

3.2. Case 2: According to Population
In this section, the results obtained according to population are 
presented in Table 2. In this case, we will set the number of 
iterations at 100 and the limit of convergence at 0.05.

Results show that increasing the population also has an impact 
on the results. Also, we notice that it becomes less accurate when 
the population is higher. Like what, taking the population at 100 
can be more reliable.

3.3. Case 3: Different Values of Limit of Convergence
In this section, the results obtained for different values of limit 
of convergence are presented in Table 3. In this case, we will 
set the number of iterations at 100 and the limit of convergence 
at 0.05.

Results show that decreasing the limit of convergence also has an 
impact on the results. Also, we notice that it becomes more accurate 
when the limit of convergence is lower. Like what, taking the limit 
of convergence at 0.05 can be more reliable.

From all the 3 cases studied above, we can notice that we have 
accurate results with a number of iterations at 100, a number 
of populations at 100 and a limit of convergence at 0.05. 
Moreover, the analysis shows that the development depends 
mainly on electricity production. Henceforth, this justifies the 
various projects launched in the country to improve the energy 
production, thus the development index in the country. The HDI 
in 2030 is then evaluated at 0.68 compared to the value predicted 
by the ESDP which predicts it at 0.70, regarding the context of 
the country.

Furthermore, knowing the parameter x is related to the electricity 
produced, we hence can validate the assertion mentioned on 
relation between development and electricity production.

Table 2: The HDI function parameters and results of 
simulation for various cases of populations
Cases Number of 

populations
Parameter x Parameter y HDI 2030

Case 1 50 0.95721 0.0048749 0.6796
Case 2 100 0.94842 0.015492 0.6813
Case 3 1000 0.94247 0.12376 0.6811

Table 3: The HDI function parameters and results of 
simulation for various cases of number of limits of 
convergence
Cases Limit of 

convergence
Parameter x Parameter y HDI 2030

Case 1 0.1 1 0 0.7398
Case 2 0.07 0.97104 0.056749 0.7102
Case 3 0.05 0.94842 0.015492 0.6813

Table 1: The HDI function parameters and results of 
simulation for various cases of iterations
Cases Number of 

iterations
Parameter x Parameter y HDI 2030

Case 1 50 0.90687 0 0.6810
Case 2 100 0.94842 0.015492 0.6813
Case 3 1000 0.90804 0.00497888 0.6816

4. CONCLUSION

The causal relation between economic growth and human 
development has been deployed by many researchers. This study 
has the purpose of analyzing the causality relationship between 
human development of a country and the energy sector. The 
study employed an optimization technique, the PSO. Using the 
formula of the HDI, the algorithm computes the two parameters 
X and Y related to the energy production and consumption. 
A summary of results obtained by considering the data of HDI, 
electricity production and consumption in Cameroon from 1990 
to 2019 and involving three different cases are discussed. Optimal 
configurations of parameters have been obtained using PSO for 
the objective function involving various separate objectives. The 
social parameter HDI attributes is explored in the optimal design 
of system. The results indicate that in all cases the best solution is 
obtained. We then predict the value of the HDI on 2030 which gives 
approximately 0.70, closed of the value presented in the EDSP. 
These convincing and satisfactory results show the investigation 
was successful into proving the assertion of the dependency 
between electricity and human development.
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