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Abstract

The reduction of energy consumption is an important key not only to improving the performance of the Algerian
economy but also to contributing to the effective mitigation of greenhouse gas emissions. This study provides a
decomposition analysis of a set of sub-sectors belonging to the non-energy industry in terms of energy use. The
Logarithmic Mean Divisia Index (LMDI) is used to identify the factors affecting the change in energy consumption
between 2002 and 2015. It is estimated that the energy consumption of Algeria's non-energy industries has
increased from 4904 ktoe in 2002 to 8818 ktoe in 2015. The findings reveal that the increase in energy consumption
in Algeria’s non-energy industry was due to the activity effect, whereas the structure and intensity effects
contributed to the decrease. The increase in energy consumption due to the activity effect is largest in the
construction materials industry. The intensity effect has a significant impact on energy consumption in the iron
and steel, mechanical, electronic, and electrical equipment industries. Furthermore, the construction materials
industry had a large share of the total change in energy consumption for the entire non-energy industry during
2002-2015, accounting for 136%.
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1. Introduction

Many studies have been conducted to reduce energy consumption in the industrial sector with

various strategies, such as energy-saving plants and waste treatment targets. On the one hand,
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energy-saving plants include energy management, as well as the implementation of
technologies and policies [1-4]. Waste treatment, on the other hand, includes energy waste and
the valorization of building materials [5]. The first step toward reducing industrial energy
consumption without making large investments is to measure and monitor the energy of the
activity. Ang et al. [6, 7] have proposed several approaches to decomposing the total energy
into activity, structural, and intensity effects. This decomposition is important for measuring
the actual effect of energy efficiency policies and for controlling the sub-sectors that should be
emphasized.

The approaches can be classified into two categories: those related to the Divisia index, and
those related to the Laspeyres Index. In order to measure the change in the value of a group of
items between a given base year and a subsequent year. The Laspeyres index calculates the
weight according to values that were present in the base year. In contrast, a Divisia index, which
is a weighted sum of logarithmic growth rates, can be described as a weighted sum of growth
shares, where the weights are growth percentages [7]. A residual term is produced when the
Laspeyres index decomposition formula is used. The logarithm mean divisia index is widely
used because of its perfect decomposition, which eliminates the need for a residual term, simple
interpretation of the results, multi-level aggregation, and numerous other advantages it has over
other methods [6-9]. In this paper, the analysis and discussions will use the LMDI (Logarithmic
Mean Divisia Index) method for decomposition, which has the benefit of leaving no
unexplained residuals. The results could help policymakers determine which sub-sectors should
reduce energy consumption the most.

Algeria, as a developing country, has intensified efforts to diversify resources and achieve
environmental sustainability through economic policies and energy management strategies [10-
13].

Previous studies have estimated Algeria’s energy consumption and CO2 emissions from the
industrial energy sector [14, 15]. However, no research has been done to investigate the non-
energy sector, which raises an urgent need for such a study. This paper aims to remedy this
problem by introducing a detailed analysis of energy consumption in non-energetic industries
in Algeria.

The main objectives of this work are twofold. First, it assesses the overall energy consumption
and identifies the factors affecting the change in energy consumption in the non-energy industry
and its subsectors. We investigate the trends in energy consumption in the non-energy industrial

sub-sectors. Such an investigation aims to propose strategies to decrease energy consumption
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on the one hand and improve productivity on the other. Second, it analyzes the factors
influencing changes in energy consumption in the Algerian non-energy industrial sector.

This paper looks at an analysis of energy consumption in the non-energy industry from 2002 to
2015 using the logarithmic mean divisia index (LMDI) method as well as the focal points of
the factors that affect energy consumption by subsector, which have never been analyzed in
previous studies.

The remaining sections of the paper are structured as follows: Section 2 presents how the
decomposition method can be used to analyze changes in energy consumption and the data
source. The results of the energy consumption analysis and its driving factors are shown in
Section 3. Section 4 concludes the discussion by summarizing and interpreting the study's

findings.

2. Methodology and data source

The logarithmic mean divisia index (LMDI) was found to be the most effective decomposition
analysis method in this study. It contains an easy and efficient method of solving for differential
expressions that removes the effects of any residuals. It has the ability to manage scenarios
where the data set contains zero values and is most useful for expressions of larger intensities.
In recent years, many studies have been conducted in different ways to improve energy
performance in the industrial sector [9, 16-19]. Ang and Lee have introduced a simple procedure
for the multilevel decomposition method to study the factors behind changes in energy intensity
[7, 8, 20, 21]. Ramirez et al. have suggested using LMDI to separate structural, production, and
intensity effects for the non-energy intensive industry in the Netherlands [22]. Seck et al. used
an index decomposition analysis to demonstrate that structural change is the most important
factor in improving energy performance in France's non-energy intensive industries [23]. Other
studies adopted decomposition methods for both energy and CO, emissions [24-26]. In this
paper, the Logarithmic Mean Divisia Index decomposition method (LMDI) in multiplicative
form is used to quantify the change in total energy consumption in the Algerian non-energy
industry for the period 2002—-2015.

The data for this study was collected from two sources: 1) The data on energy consumption was
compiled from several Ministry of Energy reports [27], and 2) the value-added was provided to
the previous data from the National Office of Statistics [28, 29].

The LMDI approach identifies three main effects (structural effect, energy intensity effect, and
activity effect) driving the change in total energy consumption in different sub-sectors. Ang has

divided an aggregate V to n factors and i sub-sector:
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From year 0 to year t, the multiplicative form is used to calculate the aggregate contribution of

n factors.

Dior = Vt/Vo = Dx1Dx3Dx3 ...

Dyn

)

The basic equation of LMDI can be expressed in the following form:

Where

The multiplicative decomposition can be expressed in the following equations:
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non-energy industry Code 2002- 2003- 2004- 2005- 2006- 2007- 2008- 2009- 2010- 2011- 2012- 2013- 2014- 2002-
sub-sector 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2015
Construction materials CE 6.97 6.51 7.38 11.92 6.95 4.00 3.64 1424 3.25 -3.05 546 152 6.15 54.33
Iron and steel,

mechanical, electronic IS -546 -578 19.35 2590 -15.22 -2434 -16.89 3567 -3490 -044 -208 045 178 -19.83
and electric equipment

Chemistry (o] -3.00 -3.09 -3.59 763 -115 -425 1111 19.83 197 1299 -1642 -0.29 -5.59 16.82
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Fig. 1.Energy intensity decomposition of non-energy industries.
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Fig. 2.Sub-sectoral decomposition analysis for the period (2002-2015).

3. Results and discussion

This section analyzes the energy consumption of Algeria's non-energy industry. The analysis,

which involves the use of graphical tools, aims to quantify the influence of activity, structure,

and intensity factors on total energy consumption from 2002 to 2015. Figure 1 shows that

energy consumption in Algeria's non-energy industries increased by 180% over a 13-year
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period. The activity change effect was responsible for a significant increase in non-energy
sector energy consumption.

The evolution of energy consumption in the Algerian industry depends on the behavior of
individual sub-sectors. Table 1 illustrates the total change in energy consumption in Algeria’s
non-energy industry subsectors. During this period, food, beverages, and tobacco, as well as
construction materials, textiles, clothing, and leather, all ranked as the top three energy
consumers. The construction and public works, iron and steel, mechanical, electronic, and
electric subsectors saw the biggest percentage reductions in energy use, by 28% and 19%,
respectively.

According to the findings, the ITCL industry contributed the least to total energy consumption

across all time periods analyzed.

3.1 Decomposition of construction materials sub-sector

The cement industry is one of the top energy consumers in the non-energy sector in Algeria. As
a result of significant investments made in recent years, the cement industry has been able to
meet the entirety of Algeria's demand for this construction material. The energy consumption
of the construction materials industry has increased from 1729 ktoe to 3786 ktoe from 2002 to
2015. When separating the analysis by sub-period, it is evident that the increase in energy
consumption of the construction materials sub-sector is due largely to the activity effect. By
contrast, the structural and intensity effects play a role in reducing energy consumption. Figure
2 indicates that construction materials accounted for 136% of the total change in energy

consumption for the whole non-energy industry from 2002 to 2015.

3.2 Decomposition of the iron and steel, mechanical, electronic, and electric equipment sub-
sector

After the cement industry, the iron and steel industry consumes the most energy. Algeria is a
major primary metal producer, with a total share of 16% of African production (iron and steel)
after Egypt. In 2015, the iron and steel, machinery equipment, electronic, and electrical
equipment subsector represented about 35% of annual turnover. According to the results, the

intensity effect led to a change in energy consumption in the IS industry across all sub-periods.

3.3 Decomposition of the chemistry sub-sector

The chemical industry produces a vast range of items such as petrochemicals, paints, cosmetics,
rubber, plastic, and pharmaceutical products. For the most part, chemicals are sold to other
industries as raw materials or as intermediates in their production. The energy consumption has
increased from 219 to 909 ktoe between 2002 and 2015. The contribution of the chemistry
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industry to aggregate energy consumption was weak because of contracting effects during the
period 2002—-2015.

3.4 Decomposition of food products, beverages, and tobacco sub-sector

The food products, beverages, and tobacco industries make up 27% of the total turnover in the
national industry, with over 140,000 employees and 17,000 industrial firms. From 2002 to 2003
and from 2009 to 2011, the food products, beverages, and tobacco industries were liable to the
intensity change effect, but the activity effect increased the energy consumption in the

remaining sub-periods.

3.5 Decomposition of the textiles sub-sector

The textile industry consists of three (03) industrial divisions: basic textiles, clothing, and
leather and shoes. In 2015, it produced more than 53.822 million Algerian dinars in gross
output. According to the results, the ITCL industry had the weakest contribution to aggregate
energy consumption during the period 2002—2015.

3.6 Decomposition of Construction and public works

According to the ONS, the BTP appears to be stabilizing following a decade of rapid growth
fueled by substantial state investment. The BTP value addition has increased from 369.9 billion
DA in 2002 to 1859.8 billion DA in 2015 at constant 1989 prices, representing an annual growth
of 14.2%. Figure 2 shows that the BTP had a positive activity effect on energy consumption.

3.7 Decomposition of other industries in the sub-sector

All the remaining unspecified non-energy industries are referred to as "other industries." As
compared to 2002, the energy consumption of other industries in 2015 increased by 23%, of
which 45% increased due to the activity effect, 30% increased due to the structural effect, and
23% due to the intensity effect. Energy consumption declined from 2004 to 2006 and from 2009
to 2010 due to both negative intensity and structural effects.

The study's findings can be used to integrate industrial change policies to improve the energy
efficiency of each non-energy sub-sector and achieve balanced, sustainable economic
development. Improved energy efficiency in non-energy industries is easier to understand when

the decomposition framework is used.

4. Conclusion

In this study, we computed the energy consumption of Algeria’s non-energy industry from 2002
to 2015. Using decomposition analysis, we can separate the net effects of each specific

component on aggregate energy consumption over a period of thirteen (13) years. The source
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analysis of changes in energy consumption is carried out by dividing the analysis into different
sub-periods and monitoring the performance. The results show that energy consumption has
increased from 4904 ktoe in 2002 to 8818 ktoe in 2015. The construction materials industry is
the most intensive non-energy industry, followed by the food products, beverages, and tobacco
industries, as well as the iron and steel, mechanical, and electronic, and electric equipment
industries. The factor analysis reveals an 80% increase in total energy consumption from 2002
to 2015 due to a 300% activity change effect. Based on the research results, this study makes
two fundamental recommendations. The first is that restructuring industries and implementing
energy-saving strategies targeted at non-energy industries can reduce industrial energy
consumption (such as energy saving certificates or the taxation of CO2 emissions). The second
suggestion is to integrate new energy-saving plants or processing techniques for improving

energy efficiency.

5. References

[1] Wen Z, Chen M, Meng F. Evaluation of energy saving potential in China's cement industry
using the Asian-Pacific Integrated Model and the technology promotion policy analysis. Energy
Policy. 2015;77:227-317.

[2] Wang R, Jiang L, Wang Y, Roskilly APJJoCP. Energy saving technologies and mass-
thermal network optimization for decarbonized iron and steel industry: A review. 2020:122997.
[3] Yang F, Yu Q, Zuo Z, Hou LJES, Part A: Recovery, Utilization,, Effects E. Thermodynamic
analysis of waste heat recovery of aluminum dross in electrolytic aluminum industry.
2021;43(9):1047-59.

[4] Zhou Q, Cui X, Ni H, Gong L. The impact of environmental regulation policy on firms'
energy-saving behavior: A quasi-natural experiment based on China's low-carbon pilot city
policy. Resources Policy. 2022;76:102538.

[5] Paleologos EK, Caratelli P, Amrousi ME. Waste-to-energy: An opportunity for a new
industrial typology in Abu Dhabi. Renewable and Sustainable Energy Reviews. 2016;55:1260-
6.

[6] Ang BWJEp. Decomposition analysis for policymaking in energy:: which is the preferred
method? 2004;32(9):1131-9.

[7] Ang BWJEp. The LMDI approach to decomposition analysis: a practical guide.
2005;33(7):867-71.

[8] Ang BW, Liu FLJE. A new energy decomposition method: perfect in decomposition and
consistent in aggregation. 2001;26(6):537-48.

146



ICARES’2022: LMDI decomposition analysis of change in energy consumption in the non-energy industrial ...

[9] Ang BW, Wang HJEE. Index decomposition analysis with multidimensional and multilevel
energy data. 2015;51:67-76.

[10] Gouareh A, Settou N, Khalfi A, Recioui B, Negrou B, Rahmouni S, et al. GIS-based
analysis of hydrogen production from geothermal electricity using CO2 as working fluid in
Algeria. International Journal of Hydrogen Energy. 2015;40(44):15244-53.

[11] Rahmouni S, Settou N, Negrou B, Gouareh A. GIS-based method for future prospect of
hydrogen demand in the Algerian road transport sector. International Journal of Hydrogen
Energy. 2016;41(4):2128-43.

[12] Messaoudi D, Settou N, Negrou B, Settou BJIJoHE. GIS based multi-criteria decision
making for solar hydrogen production sites selection in Algeria. 2019;44(60):31808-31.

[13] Settou B, Settou N, Gouareh A, Negrou B, Mokhtara C, Messaoudi DJCT, et al. A high-
resolution geographic information system-analytical hierarchy process-based method for solar
PV power plant site selection: a case study Algeria. 2021;23(1):219-34.

[14] Recioui B, Settou N, Khalfi A, Gouareh A, Rahmouni S, Ghedamsi R. Valorization of
carbon dioxide by conversion into fuel using renewable energy in Algeria. Transportation
Research Part D: Transport and Environment. 2016;43:145-57.

[15] Sahnoune F, Belhamel M, Zelmat MJES, Part B: Economics, Planning,, Policy. Algerian
energy policy and potential to reducing greenhouse gas emissions. 2016;11(12):1118-27.

[16] Soni A, Mittal A, Kapshe MJR-ET. Energy Intensity analysis of Indian manufacturing
industries. 2017;3(3):353-7.

[17] Olanrewaju OA. Energy consumption in South African industry: A decomposition analysis
using the LMDI approach. 2018;29(2):232-44.

[18] Cai W, Liu C, Lai K-h, Li L, Cunha J, Hu LJEC, et al. Energy performance certification
in mechanical manufacturing industry: A review and analysis. 2019;186:415-32.

[19] Kulionis V, Wood RJE. Explaining decoupling in high income countries: A structural
decomposition analysis of the change in energy footprint from 1970 to 2009. 2020;194:1169009.
[20] Ang B, Lee PJEE. Decomposition of industrial energy consumption: the energy coefficient
approach. 1996;18(1-2):129-43.

[21] Ang BW, Lee SY. Decomposition of industrial energy consumption. Energy Economics.
1994;16(2):83-92.

[22] Ramirez C, Patel M, Blok KJE. The non-energy intensive manufacturing sector.: An
energy analysis relating to the Netherlands. 2005;30(5):749-67.

147



Robei et al.

[23] Seck GS, Guerassimoff G, Maizi N. Analysis of the importance of structural change in

non-energy intensive industry for prospective modelling: The French case. Energy Policy.

2016;89:114-24.

[24] Winyuchakrit P, Limmeechokchai, Bundit,. Trends of energy intensity and CO2 emissions

in the Thai industrial sector: The decomposition analysis. 2016;11(6):504-10.

[25] Goh T, Ang BJEE. Comprehensive economy-wide energy efficiency and emissions

accounting systems for tracking national progress. 2019;12(8):1951-71.

[26] Zhang X, Geng Y, Tong YW, Kua HW, Dong H, Pan HJFIE. Trends and driving forces of

low-carbon energy technology innovation in China’s industrial sectors from 1998 to 2017: from

a regional perspective. 2021:1-14.

[27] Ministere de 1’Energie. Bilan Energétique National. 2002, 2003, 2004, 2005, 2006, 2007,

2008, 2009, 2010, 2011, 2012, 2013, 2014 et 2015.
[28] Office National des Statistiques. L’activité industrielle 2005-2015. 2016.
[29] Office National des Statistiques. Les comptes économiques en volume de 2000 a 2014.

2016.

Nomenclature
LMDI logarithmic Mean Divisia Index

Dot total change index between years t
and 0

Dint intensity effect of individual

subsectors

Doact activity effect

Si

Dstr

energy intensity (Ktoe/billion AD)
energy consumption (Ktoe)

value added of non-energy industry
output at 1989 constant prices (billion
AD)

production share of the sub-sector and
is equal to the ratio of the sub-sector

output to the total output

structural effect
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