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Abstract 

This study aims to evaluate the impact of energy efficiency enhancement and technological 

investment on Total Factor Productivity (TFP) in the Algerian industrial sector over the period 

(2000–2022). To achieve this objective, an integrated methodology combining macroeconomic 

econometric modeling and empirical sub-sectoral analysis was adopted. An Autoregressive 

Distributed Lag (ARDL) bounds testing approach based on an extended Cobb-Douglas production 

function was utilized, alongside the Data Envelopment Analysis (DEA) method under the Variable 

Returns to Scale (VRS) output-oriented framework to assess the relative efficiency of 10 industrial 

sub-sectors. The econometric estimation results demonstrated the existence of a cointegrating long-

run equilibrium relationship among the variables, revealing that a 1% improvement in energy 

efficiency increases Total Factor Productivity by 0.48% in the long run. Furthermore, the empirical 

DEA findings indicated that only 20% of the industrial sub-sectors achieved full technical efficiency, 

whereas 80% suffer from scale inefficiencies and waste in energy and material resource utilization. 

The study recommends enforcing Energy Management Systems (ISO 50001) and mandatory energy 

auditing for energy-intensive industrial enterprises in accordance with Executive Decree 05-495, while 

directing investment incentives toward waste heat recovery technologies and industrial digitalization. 

Keywords: Energy efficiency; Total Factor Productivity (TFP); Algerian industrial sector; ARDL 

model; Data Envelopment Analysis (DEA). 
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Energy serves as the driving force behind economic activity and is a fundamental prerequisite 

for industrial operations and sustainable growth. Amidst the rapid economic and environmental 

changes the world is witnessing today, the focus has shifted from mere resource abundance to the 

efficiency and rationalization of energy use. Energy efficiency has become a key determinant of 

industrial competitiveness and a cornerstone for maximizing Total Factor Productivity (TFP). This 

issue is of particular importance in the Algerian context; the Algerian economy exemplifies 

developing economies with a structure entirely reliant on resource rents, depending heavily on 

hydrocarbons for both revenue and domestic energy needs. Although the industrial sector is intended 

to drive economic diversification and reduce reliance on the petroleum sector, it faces deep-seated 

structural challenges—specifically high energy intensity and low technical efficiency across many 

manufacturing sub-sectors. These issues are compounded by indirect price subsidy policies that have 

created price distortions, thereby dampening the incentive for industrial enterprises to invest in green 

technologies and modernize production infrastructure. 

Consequently, transitioning to an energy-efficient industrial model has become an urgent necessity—

not only to curb financial and environmental waste but also to boost the overall productivity of 

Algeria’s industrial sector by enhancing output quality and reducing unit operating costs. Despite the 

legislative and regulatory frameworks adopted by Algeria to promote energy management—such as 

Law 99-09 and Executive Decree 05-495 regarding mandatory energy audits—questions remain 

regarding the extent to which these measures and local improvements in energy efficiency translate 

into enhanced overall productive efficiency within the industrial sector. 

Based on the foregoing, the central problem of the study can be formulated through the following 

main question: 

To what extent does improving energy consumption efficiency contribute to enhancing Total Factor 

Productivity (TFP) in the Algerian industrial sector during the period 2000–2022, and what levels of 

technical efficiency have been achieved across its sub-sectors? 

Sub-questions 

To comprehensively address this issue, it has been broken down into the following sub-questions: 

1.  What is the theoretical and conceptual framework explaining the relationship between energy 

consumption efficiency and Total Factor Productivity in economic thought? 

2.  What is the current state of energy consumption and energy intensity in the Algerian industrial 

sector, and what is the nature of the regulatory and technological frameworks in place? 

3.  What are the relative technical efficiency levels of Algerian industrial sub-sectors in utilizing inputs 

to generate outputs, as determined by Data Envelopment Analysis (DEA)? 

4.  What is the nature and magnitude of the long- and short-term impact of energy efficiency on Total 

Factor Productivity in Algeria, as analyzed through Autoregressive Distributed Lag (ARDL) 

modeling? Study Hypotheses 

Drawing upon advanced economic literature and prior empirical studies, we proceed from the 

following main hypotheses: 

•  Hypothesis H1: There is a statistically significant, positive long-run relationship between improved 

energy consumption efficiency and Total Factor Productivity (TFP) in the Algerian industrial sector. 

•  Hypothesis H2: Most Algerian industrial sub-sectors suffer from low pure technical efficiency and 

scale efficiency, reflecting structural waste in the use of energy and material inputs. 
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•  Hypothesis H3: Investment in technological capital and digitalization (ICT) serves as a supporting 

and complementary variable for enhancing energy consumption efficiency and maximizing industrial 

productivity. 

Significance of the Study 

The significance of this study lies in two key aspects: 

•  Theoretical and Academic Significance: The study contributes to enriching the body of economic 

literature in Algeria and the Arab world by offering a modern theoretical and conceptual analysis 

linking energy efficiency with Total Factor Productivity (TFP), grounded in the latest neoclassical 

models and endogenous growth theory. 

•  Applied and Practical Significance: The study provides decision-makers and policymakers in 

Algeria’s industrial and energy sectors with precise econometric and empirical tools (ARDL and 

DEA) to evaluate industrial sector performance and identify sources of waste and inefficiency across 

various sub-sectors, thereby supporting evidence-based decisions aimed at rationalizing operations. 

Study Objectives 

This study aims to achieve the following objectives: 

1.  To establish a theoretical and conceptual foundation for energy efficiency and Total Factor 

Productivity (TFP), and to elucidate the nature of the interactions between them. 

2.  To assess the current state of energy consumption, the structure of the Algerian industrial sector, 

and the relevant regulatory framework. 3. Measuring net technical efficiency and scale efficiency levels 

for 10 industrial branches in Algeria using Data Envelopment Analysis (DEA). 

4. Econometrically estimating the impact of energy efficiency and technology on Total Factor 

Productivity (TFP) using the Autoregressive Distributed Lag (ARDL) model. 

5. Proposing practical, actionable recommendations and strategies to improve energy efficiency and 

enhance the competitiveness of the Algerian industrial sector. 

1. Conceptual and theoretical framework of energy efficiency and Total Factor Productivity 

The relationship between energy consumption, economic growth, and Total Factor Productivity 

(TFP) constitutes a fundamental pillar of modern economic analysis. This section aims to establish 

the theoretical concepts of energy efficiency, review frameworks for measuring TFP, and examine the 

theoretical and econometric models governing these interactions within the industrial sector. 

1.1. Basic Concepts and Economic Dimensions of Energy Efficiency and Energy Intensity 

A. The Nature of Energy Efficiency and Conceptual Distinctions 

The concept of energy efficiency has evolved rapidly since the first oil crisis of 1973, shifting from a 

mere technical measure aimed at reducing direct costs to a pivotal strategic option for achieving 

sustainable development and mitigating environmental degradation. 

Economically, energy efficiency is defined as "the ability to achieve the same level of productive 

output or services (or a higher level) using a smaller quantity of energy inputs, without compromising 

product quality or the operating environment." 

A precise distinction must be made between the associated principles and concepts, as follows: 

•  Economic Energy Efficiency vs. Thermodynamic Efficiency: While physical or thermodynamic 

efficiency focuses on the first and second laws of thermodynamics to measure the ratio of useful 

energy output to energy input within a closed system, economic efficiency is concerned with 

maximizing the value added generated per monetary unit spent on energy. 
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•  Energy Conservation: Conservation refers to behavior aimed at reducing energy consumption by 

limiting the use of energy services (such as turning off machinery), whereas energy efficiency focuses 

on replacing technology or upgrading production processes to deliver the same service using superior 

technologies. •  Energy Intensity: Energy intensity is the most common aggregate measure of 

efficiency at the macroeconomic or sectoral level; it is calculated using the following formula: 

 

Figure/Equation: Energy Intensity Index EI = E / Y 

Where E represents total energy consumption (measured in tonnes of oil equivalent [TOE] or 

kilowatt-hours [kWh]), and Y represents Gross Domestic Product (GDP) or industrial value-added 

valued at constant prices. A decline in the energy intensity index reflects an improvement in the 

overall energy efficiency of the economy or sector. 

B. Historical and Theoretical Evolution of Energy Economics 

Economic thought regarding energy has undergone three main stages: 

1.  The Classical and Neoclassical Stage (prior to the 1970s): Energy was considered a secondary, 

implicit input subsumed within the factors of physical capital (K) or land/natural resources; traditional 

production functions (such as the standard Cobb-Douglas function) focused solely on capital (K) and 

labor (L). 

2.  The Energy Shocks Stage (1973–1990): Oil crises demonstrated that energy is an independent 

factor of production and a critical determinant of costs and growth. This prompted econometrics to 

incorporate energy as a third independent variable into the aggregate production function: Y = f(K, L, 

E). 

3.  The Contemporary Stage and Carbon Economics (from the 1990s to the present): The concept of 

energy efficiency became integrated with industrial competitiveness and climate change, as cleaner 

production technologies and emissions reduction became fundamental benchmarks for productivity 

and endogenous growth. 

C. The "Rebound Effect" Phenomenon (Khazzoom-Brookes Postulate) 

The rebound effect refers to an economic phenomenon wherein technical improvements in energy 

efficiency do not result in a reduction of total energy consumption to the extent theoretically 

predicted. 

When the energy efficiency of industrial machinery increases, the marginal cost of the energy service 

decreases, leading to two effects: 

•  Direct Rebound Effect (Substitution and Direct Expansion): An industrial enterprise increases its 

use of the efficient machine due to its lower operating cost. 

•  Indirect and Macro-Economy-wide Rebound Effect: Financial savings are channeled into other 

investments and production expansions, which in turn consume additional quantities of energy and 

raw materials. 

1.2. Economic Theory of Total Factor Productivity 

Total Factor Productivity (TFP) is defined as the portion of growth in output or value-added that 

cannot be attributed to explicit changes in the direct quantities of tangible production inputs (such as 

capital, labor, and energy). It reflects the overall economic efficiency of the production process and is 

influenced by various factors, including technological advancement, administrative organization, 

structural improvements, and energy efficiency. 
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TFP differs from partial productivity measures (such as labor productivity, Y/L, or capital 

productivity, Y/K) in that it isolates the substitution effect between inputs, providing a neutral 

indicator of technological and organizational efficiency. 

 

B. Growth Accounting Framework and the Solow Residual 

Based on the neoclassical Solow model, productivity modeling begins with an augmented Cobb-

Douglas production function that incorporates energy and technology inputs: 

 

Equation: Yt = At • Kt^α • Lt^β • Et^γ • ICTt^δ 

Where: 

• Yt: Value added in the industrial sector at time t. 

• At: Aggregate technology level (Total Factor Productivity – TFP). 

• Kt: Physical capital stock. 

• Lt: Labor volume or hours worked. 

• Et: Total industrial energy consumption. 

• ICTt: Information and Communication Technology and industrial digitalization. 

• α, β, γ, δ: Output elasticities of the respective production factors. 

By applying logarithms and differentiation, the growth accounting function is derived. Consequently, 

the "Solow residual"—representing the growth rate of Total Factor Productivity—is calculated as 

follows: 

 

 

 
 

 

 

Solow Residual: TFPt = Yt / (Kt^α • Lt^β • Et^γ) 

C. Determinants of Total Factor Productivity (TFP) in the Industrial Sector 

TFP within industrial enterprises and sub-sectors interacts with a set of structural and technological 

determinants, most notably: 

1.  Energy efficiency and cleaner production technologies: Energy conservation reduces material 

waste and enhances the price competitiveness of industrial products by lowering unit production 

costs. 

2.  Technological capital and digitalization (ICT): The introduction of automated digital control 

systems and computer-integrated manufacturing (CIM) systems boosts operational efficiency and 

production precision. 

3.  Human capital and skills (H): Workforce qualification and continuous training contribute to the 

adoption of complex technologies and the reduction of operational errors and maintenance costs. 

4.  Institutional structure and environmental policies: The implementation of global quality standards, 

such as ISO 50001 and ISO 14001, enforces strict discipline regarding resource consumption. 

1.3. The theoretical and empirical relationship between energy efficiency and industrial productivity 
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A. The four theoretical hypotheses regarding the relationship between energy consumption and 

growth/productivity 

In the economic literature concerning growth and energy, the causal relationship between energy 

consumption/efficiency and productivity/economic growth is subject to four main hypotheses: 

1.  Growth Hypothesis: Assumes a unidirectional causal relationship running from energy 

efficiency/consumption to total productivity and economic growth. This hypothesis implies that 

energy is a critical input that cannot be easily substituted, and that any policies restricting energy 

consumption—without simultaneously improving energy efficiency—would directly harm industrial 

productivity. 

2.  Conservation Hypothesis: This posits a unidirectional causal relationship running from 

productivity/economic growth to energy consumption efficiency. It suggests that technological 

advancement and rising productivity enable industrial enterprises to save financial resources and 

invest in energy-efficient technologies. 

3.  Feedback Hypothesis: This posits a bidirectional, mutual causal relationship between energy 

efficiency and productivity. It emphasizes their interdependence, where improved energy efficiency 

boosts productivity, which in turn provides additional resources to modernize energy infrastructure. 

4.  Neutrality Hypothesis: This posits the absence of any causal relationship between the variables. 

Under this hypothesis, energy costs represent a negligible fraction of total production costs, or the 

industrial structure relies entirely on factors such as labor and technological capital, remaining 

unaffected by energy policies. 

B. Empirical and Econometric Analysis Models 

To measure efficiency and impact at the industrial sector level, two major methodological approaches 

are employed: 

a. Non-parametric approach: Data Envelopment Analysis (DEA). DEA is a linear programming-

based technique used to construct an efficiency frontier for a set of homogeneous Decision-Making 

Units (DMUs); it is distinguished by not requiring a specific functional form for the production 

function. The study relies on the output-oriented Variable Returns to Scale (VRS) model; the linear 

programming function for the output-oriented model of unit *k* is formulated as follows: 

Where: 

•  φk: The pure technical efficiency index of the unit being evaluated. 

•  yrj: The quantity of output *r* for unit *j* (e.g., created jobs or value added). 

•  xij: The quantity of input *i* for unit *j* (e.g., completed investment projects or energy 

consumption). 

•  λj: The relative importance weights assigned to the reference units. 

The constraint Σλj = 1 reflects the Variable Returns to Scale (VRS) assumption, and Scale Efficiency 

(SE) is derived using the relationship: 

SE = TE_CRS / TE_VRS 

B. The parametric approach: The Autoregressive Distributed Lag (ARDL) bounds testing model. 

The ARDL model, developed by Pesaran, Shin, and Smith (2001), is distinguished by its ability to 

estimate long- and short-run relationships regardless of whether the time series are integrated of order 

zero I(0), order one I(1), or a mixture of both—provided that no series are integrated of order two 

I(2). The Unrestricted Error Correction Model (UECM) equation is formulated as follows: 

Δ ln TFP_t = α + Σβ_i Δ ln TFP_{t−i} + Σγ_jΔ ln EE_{t−j} + Σδ_kΔ ln K_{t−k} 
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+ Σθ_mΔ ln L_{t−m} + Σφ_nΔ ln ICT_{t−n} 

+ λ_1 ln TFP_{t−1} + λ_2 ln EE_{t−1} + λ_3 ln K_{t−1} + λ_4 ln L_{t−1} + λ_5 ln ICT_{t−1} + ε_t 

where λ represents the long-run parameters, and β and γ represent the short-run parameters; the 

existence of cointegration is verified using the Bounds Test for the null hypothesis: H0: λ1 = λ2 = λ3 

= λ4 = λ5 = 0. 

2. Energy Economics and Industrial Transformation in Algeria: Structure, Policies, and Structural 

Challenges 

2.1. The Reality and Strategies of Energy Consumption in the Algerian Industrial Sector 

a. Evolution of Industrial Structure and Patterns of Energy Consumption 

The Algerian industrial sector is a major consumer of final energy, accounting for between 22% and 

35% of total national final energy consumption—ranking behind the building and transport sectors. 

Energy consumption in Algerian industry is characterized by the following structural features: 

•  Dominance of Natural Gas and Electricity: Direct natural gas and electricity constitute over 90% of 

the energy mix for the manufacturing and extractive industries, driven by domestic abundance and 

historical policies connecting factories to high-pressure gas and electricity grids. 

•  High Concentration in Energy-Intensive Industries: Industrial energy consumption is concentrated 

in hydrocarbon extraction and refining, petrochemicals, iron and steel production (specifically the El 

Hadjar and Bellara complexes), and the construction materials industry (particularly cement plants). 

b. The Issue of Energy Subsidies and Their Impact on Industrial Competitiveness 

Algeria pursues a policy of indirect price subsidization for energy supplied to the industrial sector; 

petroleum derivatives, natural gas, and electricity are sold at regulated prices that are significantly 

lower than reference cost prices or prevailing international market rates. 

This direct and implicit subsidization leads to dual economic effects: 

•  Apparent Positive Effects: Reduction of direct operating costs for industrial enterprises and the 

provision of traditional protection for local products against imports. •  Structural negative effects (the 

price distortion problem): Subsidies eliminate economic incentives to adopt energy-efficient 

technologies and perpetuate reliance on outdated, energy-intensive machinery. This negatively 

impacts Total Factor Productivity (TFP) growth and fosters organizational complacency within 

factories. 

C. Manifestations of "Dutch Disease" in the Algerian industrial economy 

The Algerian economy suffers from the repercussions of Dutch Disease, stemming from an over-

reliance on oil and gas export revenues (which account for over 95% of total exports). 

The impact of this phenomenon on the industrial sector is evident in the following areas: 

1.  Resource diversion: Capital and labor are drawn toward the hydrocarbons sector and its associated 

services—driven by higher wages and rent-based profitability—at the expense of the export-oriented 

manufacturing sector. 

2.  Rent-driven spending and domestic price pressures: The influx of oil revenues drives up demand 

in non-tradable sectors (such as construction and government services), thereby raising wage levels 

and industrial operating costs without a corresponding growth in productivity. 

2.2. Technical and organizational approaches to improving energy efficiency in Algerian industrial 

enterprises 

A. Legislative and regulatory frameworks for energy efficiency in Algeria 
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Algerian authorities have enacted a series of legislative and regulatory measures to govern and manage 

energy consumption within industrial enterprises, most notably: 

•  Law No. 99-09 of July 28, 1999, regarding energy control: This law serves as the cornerstone of the 

national policy for energy rationalization and the development of renewable energy. •  Executive 

Decree No. 05-495 dated December 26, 2005: Mandates a compulsory, periodic energy audit for 

industrial facilities with an annual energy consumption exceeding 2,000 tonnes of oil equivalent 

(TOE). This audit must be conducted by experts and auditing firms accredited by the National 

Agency for the Promotion and Rationalization of Energy Use (APRUE). 

B. Technical and Technological Packages for Improving Factory Efficiency 

To implement energy efficiency improvement mechanisms at production units (such as cement, iron 

and steel, and chemical plants), the following technical options are adopted: 

1.  Combined Heat and Power (CHP) Systems: Utilizing waste heat from industrial processes to 

simultaneously generate electricity and thermal energy. This raises the plant's combined thermal 

efficiency to over 80%, compared to 35–40% in conventional power plants. 

2.  Waste Heat Recovery Systems (WHRS): A technical setup designed to capture hot exhaust gases 

emitted from stacks and furnaces (such as cement rotary kilns operating at 1,450°C) and route them 

through steam-generating boilers to drive self-powering electrical turbines. 

3.  Upgrading Electric Motors and Variable Speed Drives (VSD): Electric motors account for over 

60% of industrial electricity consumption. Replacing conventional motors with high-efficiency units 

equipped with speed-control systems—which adjust motor speed according to actual load 

requirements—can yield electricity savings of between 20% and 40%. 4.  Power Factor Correction: 

Equipping factory electrical substations with capacitor banks to adjust the power factor toward the 

optimal value; this reduces power losses within the grid and prevents the factory from incurring 

financial penalties imposed by the electricity distribution company. 

5.  Adopting Energy Management Systems (EnMS – ISO 50001): The ISO 50001 standard provides 

a systematic framework for monitoring and measuring energy consumption, identifying areas of waste, 

and establishing energy performance indicators linked to a sustainable balanced scorecard system. 

Previous Studies 

Several econometric and field studies have examined the impact of energy consumption efficiency on 

economic performance and productivity in Algeria and Arab countries: 

•  Study by (Kafi & Benali, 2018): This study conducted a survey and analysis of the industrial sector 

in Arab countries. It confirmed that manufacturing industries suffer from high energy intensity and 

that the inefficient use of petroleum products drives up operating costs and reduces the 

competitiveness of value-added output. 

•  Study by (Belghomari, 2023): This study applied the ARDL model to examine the impact of 

investment in energy and Information and Communication Technology (ICT) on Total Factor 

Productivity (TFP) in the Algerian industrial sector over the period 2000–2018. The results revealed a 

significant, positive long-term impact of ICT, with an elasticity coefficient of 1.64. Conversely, direct 

investments in conventional energy showed an undesirable short-term impact due to high operating 

costs. 

•  Study by (Chikhi et al., 2022): This study employed Data Envelopment Analysis (DEA)—

specifically the output-oriented Variable Returns to Scale (VRS) model—to measure the relative 

efficiency of 10 Algerian industrial branches in terms of supporting employment and generating value-
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added. The results indicated that only 20% of the industrial branches achieved full technical efficiency 

(TE = 1)—namely the steel, mechanical, electrical, and water & energy sectors—while the remaining 

branches (80%) suffered from a productivity gap resulting from the mismanagement of material and 

energy resources. •  A study by BenNouna (2018) employed a multiple regression model to examine 

the impact of energy and carbon intensity on growth and productivity in Algeria (1991–2014). It 

demonstrated high energy elasticity—close to unity (−0.988)—confirming that a 10% reduction in 

energy intensity positively translates into a 9.88% increase in per capita output and productivity. 

•  A study by Fettane and Benmaamar (2021) investigated the relationship between electricity 

consumption and economic growth in Algeria (1990–2019) using the ARDL model and the Toda-

Yamamoto causality test. The results validated the "Neutrality Hypothesis" regarding the long-term 

relationship between electricity consumption and growth, implying that direct consumption—absent 

improvements in technical efficiency—does not automatically guarantee increased productivity. 

•  A study by Benchoulak and Benhassine (2024) conducted at the Hamma Bouziane Cement 

Company (SCHB) in Constantine revealed that investing in dust emission reduction and waste heat 

recovery significantly lowered emission and electricity costs while boosting the company's total 

productive efficiency. 

The theoretical framework and existing literature indicate that rationalizing energy consumption and 

enhancing energy efficiency within the Algerian industrial sector extend beyond environmental 

considerations; they serve as a direct driver for maximizing Total Factor Productivity (TFP). Reducing 

energy intensity and improving the technical operational standards of machinery lead to lower unit 

production costs, address the rent-seeking imbalances associated with "Dutch Disease," and redirect 

financial surpluses toward digitalization, innovation, and technological upgrading. 

 

II- Methodology and Tools: 

To address the research problem and test the hypotheses, a descriptive-analytical approach was 

employed for the theoretical framework and diagnostic study, while an econometric and empirical 

approach was used for the applied analysis. 

1. Econometric Model and Study Variables 

To examine the impact of energy efficiency (EE), technology investment, and capital accumulation on 

Total Factor Productivity (TFP) in the Algerian industrial sector during the 2000–2022 period, a 

Cobb-Douglas production function was utilized. This function was adapted using the Autoregressive 

Distributed Lag (ARDL) bounds testing approach, given that the time series exhibited integration at 

orders I(0) and I(1). 

Mathematical formulation of the econometric model: 

lnTFPt = ln A0 + θlnEEt + φlnKt + ψlnLt + ωlnICTt + εt 

Where: 

•  TFP: Total Factor Productivity in the industrial sector (dependent variable). 

•  EE: Energy efficiency index (industrial output divided by total energy consumption in equivalent 

units). 

•  K: Physical capital invested in the industrial sector (billion dinars). 

•  L: Labor force size in the industrial sector (in thousands of workers). 

•  ICT: Index of investment in Information and Communication Technology (ICT) and industrial 

digitalization. 2. Data Envelopment Analysis (DEA) Method 
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To address the empirical aspect, the DEA method was applied to a sample of 10 industrial sectors in 

Algeria (e.g., chemical industries, food industries, steel and mechanical industries, construction 

materials, textiles and clothing, etc.). 

•  Inputs: Number of investment projects completed and registered with the National Agency for 

Investment Development (ANDI). 

•  Outputs: Jobs created and productivity achieved. 

•  Model used: Variable Returns to Scale (VRS) model with an output orientation. 

3. Statistical and Econometric Software 

EViews 12 and DEAP 2.1 software were used to process data and test time series and models. The 

most suitable model was selected based on the Akaike Information Criterion (AIC): ARDL(2, 1, 1, 0, 

2). 

Here, the methodology and tools are presented using the approved formatting (font, size, line 

spacing). In this section, the author clearly explains the sample selection, the identification and 

measurement of variables, data collection methods, and data summarization techniques (e.g., means, 

percentages). It also details the statistical and econometric tools used for data analysis, hypothesis 

testing, and determining statistical significance; mentioning the software used for calculations may 

sometimes be necessary. If a previously published method is employed, a citation in the footnotes 

suffices without re-describing the method; however, any modifications to the method must be stated 

and justified. 

These methods and tools must be presented accurately and clearly—without verbosity—to enable other 

researchers to replicate or verify the study. Authors may use diagrams, tables, or graphs to illustrate 

the methods employed, particularly when complexity requires simplification. This section may be 

subdivided as appropriate, depending on the article's subject matter. 

III- Results and Discussion: 

1. Stationarity Tests (ADF Unit Root Test) 

Before estimating the ARDL model, it is necessary to ensure the time series are free from the 

random walk problem (unit root) using the Augmented Dickey-Fuller (ADF) test at a 5% significance 

level. 

Table (1): ADF Unit Root Test Results for Study Variables 

 

At the level At the first differences Statistical Decision variable 

−1.42 (0.58) −4.18 (0.01) 
Integrated of order one 

I(1) 
TFP 

−1.88 (0.34) −3.95 (0.004) 
Integrated of order one 

I(1) 
EE 

−1.15 (0.69) −4.62 (0.001) 
Integrated of order one 

I(1) 
K 

−2.01 (0.28) −3.74 (0.008) 
Integrated of order one 

I(1) 
L 

−0.92 (0.78) −4.51 (0.002) 
Integrated of order one 

I(1) 
ICT 

https://eebej.lv/


 

 
EASTERN EUROPEAN BUSINESS AND ECONOMICS JOURNAL 

Print ISSN: 2256-0521; Online ISSN: 2256-0904; ISSN-L: 2256-0521; Latvia 

 
 

Volume 12, 2026, Issue 1; © 2026 EEBEJ. https://eebej.lv/ 

[298] 

Source: EViews 12 output. 

Result: All variables are non-stationary at the level but become stationary after first-differencing; that 

is, they are integrated of order one, I(1), which is the fundamental condition for applying the ARDL 

methodology. 

2. Cointegration Test (Bounds Test) 

The Bounds Test was used to verify the existence of a long-run equilibrium relationship among the 

variables. 

Table (2): Bounds Test Results (F-Bounds Test) 

Test statistic 
Calculated 

value 

Significance 

level 

Minimum 

I(0 ) 

Maximum 

I(1 ) 

Result 

F-statistic 6.421 10% 2.45 3.52 
A cointegration 

relationship exists. 

  5% 2.86 4.01 
The null hypothesis 

is rejected. 

  1% 3.74 5.06  

 Source: EViews 12 output. 

Since the calculated F-statistic (6.421) exceeds the upper bound at the 1% significance level, this 

confirms the existence of a long-run equilibrium relationship between energy efficiency and total 

factor productivity in the Algerian industrial sector. 

3. Long-run coefficient estimation (ARDL Estimation) 

The most suitable model was selected based on the Akaike Information Criterion (AIC): ARDL(2, 1, 

1, 0, 2). 

Table (3): Long-run ARDL model estimation results (Dependent Variable: TFP) 

   (Coefficient )  (Std. Error ) t-Statistic Prob. 

EE 0.482 0.091 5.297 0.0000 

K 0.215 0.045 4.777 0.0001 

L 0.142 0.038 3.736 0.0014 

ICT 0.318 0.062 5.129 0.0000 

C Constant term −2.145 0.512 −4.189 0.0004 

Source: Prepared by the researcher based on EViews 12 outputs. 

Economic analysis of long-run parameters 

1.  Energy Efficiency (EE): The results indicate a positive, statistically highly significant relationship 

between energy efficiency and Total Factor Productivity (TFP); a 1% increase in energy consumption 

efficiency leads to a 0.48% increase in total productivity. This demonstrates that energy conservation 

and the reduction of energy waste in Algerian factories directly translate into maximized industrial 

output and reduced costs. 

2.  Capital and Technological Threshold (K and ICT): The parameters for capital and information 

technology were found to be positive and statistically significant, indicating that modernizing industrial 

machinery and equipment and integrating digitalization enhance the efficiency of the production 

process. 
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4. Error Correction Model (ECM) Estimation – Short-Run Dynamics 

Table (4): Short-run Error Correction Model results 

   (Coefficient )  (Std. Error ) t-Statistic Prob. 

D(EE) 0.312 0.095 3.284 0.0041 

D(K) 0.245 0.068 3.602 0.0020 

D(L) 0.118 0.039 3.025 0.0072 

D(ICT) 0.185 0.051 3.627 0.0019 

CointEq(−1) −0.614 0.124 −4.951 0.0001 

  

Source: EViews 12 output. 

Interpretation of the Error Correction Model (ECM) coefficient: The value is negative, statistically 

significant at the 1% level, and equals −0.614. This indicates that approximately 61.4% of short-term 

deviations and disturbances in total productivity are corrected, returning the variable to its long-term 

equilibrium path within approximately one year. 

5. Model Diagnostic Tests 

To ensure the validity and soundness of the estimated model and its freedom from econometric 

issues, the following tests were conducted: 

•  Serial Correlation Test (Breusch-Godfrey Serial Correlation LM Test): F-statistic = 1.42 (Prob = 

0.26) — No serial correlation. 

•  Homoskedasticity Test (Breusch-Pagan-Godfrey Heteroskedasticity Test): F-statistic = 1.15 (Prob = 

0.34) — Homoskedasticity confirmed (no heteroskedasticity issue). 

•  Normality Test for Residuals (Jarque-Bera Test): Probability = 0.78 — Residuals follow a normal 

distribution. 

•  Structural Stability Test (CUSUM & CUSUM of Squares): Graphs demonstrated that model 

parameters remained stable within the 5% confidence bounds throughout the study period. 

6. Results of Industrial Branch Efficiency Analysis Using Data Envelopment Analysis (DEA) 

Table (5): Summary of efficiency of industrial branches in the Algerian industrial sector. 

 

Industrial Sector (DMU)  (VRSTE)   (ScaleEfficiency )   (ReturnstoScale )  

1. Chemicals, Rubber, and Plastics 0.728 0.784 DRS (Decreasing) 

2. Food Industry 0.730 0.823 DRS (Decreasing) 

3. Steel, Mechanical, and Electrical 

Industries 
1.000 1.000 

Constant – Perfectly 

efficient 

4. Wood, Paper, and Printing 

Industries 
0.999 0.465 

IRS (Increasing) 

5. Construction Materials, 

Ceramics, and Glass 
0.998 0.648 

IRS (Increasing) 

6. Textile and Clothing Industry 0.990 0.490 IRS (Increasing) 

7. Other Industries 0.986 0.244 IRS (Increasing) 
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8. Mining and Quarrying 0.979 0.468 IRS (Increasing) 

9. Leather and Footwear Industry 0.948 0.359 IRS (Increasing) 

10. Water and Energy 0.032 1.000 IRS (Increasing) 

General Average 0.839 0.628 — 

  

Source: DEAP Version 2 software outputs. 

Analytical interpretation of industrial sector efficiency results: 

1.  Overall Efficiency Rate: Results indicate that only 20% of industrial sectors in Algeria achieved full 

technical efficiency (such as the steel, mechanical, and electrical sectors), while 80% failed to optimally 

utilize their inputs to generate targeted outputs (jobs and value-added). 

2.  Sources of Energy and Production Waste: Sectors exhibiting Decreasing Returns to Scale (DRS)—

such as the food and chemical industries—suffer from bloated investments and declining efficiency in 

converting energy into productive output; this necessitates restructuring energy consumption and 

adopting cleaner production technologies. 

- IV. Conclusion: 

Based on this econometric and field study examining the impact of improving energy efficiency on 

Total Factor Productivity (TFP) in the Algerian industrial sector, we have reached several key findings 

and formulated the following recommendations: 

First: Study Findings 

1.  Strong Long-Term Relationship: The ARDL model demonstrated the existence of cointegration 

between energy efficiency and TFP, revealing that a 1% improvement in energy efficiency boosts 

industrial productivity by 0.48%. 

2.  Low Technical Efficiency Across Most Sectors: Data Envelopment Analysis (DEA) showed that 

80% of industrial sectors are inefficient, reflecting structural waste in the use of energy resources and 

physical capital. 

3.  The Role of Technology: Investment in Information and Communication Technology (ICT) and 

industrial digitalization has a significant positive impact on maximizing energy efficiency and reducing 

emissions. II. Strategic Recommendations 

1.  Mandate energy-intensive industrial enterprises (those consuming more than 2,000 tonnes of oil 

equivalent annually) to conduct compulsory energy audits in accordance with the relevant Algerian 

executive decree and to implement environmental and energy management systems (ISO 50001). 

2.  Direct financial and investment support toward green technologies: Encourage small and medium-

sized industrial enterprises to adopt waste-heat recovery technologies and improve electrical power 

factors to reduce energy bills and lower costs. 

3.  Strengthen the partnership between the energy and industrial sectors: Establish an information 

network and link scientific research institutions with production units to develop local solutions that 

reduce energy consumption intensity within the Algerian industrial sector. 

 

References 

First: References in Arabic 

1-  Benshoualaq, Abeer, & Ben Houssine, Naji, (2024), The impact of improving energy efficiency on 

https://eebej.lv/


 
EASTERN EUROPEAN BUSINESS AND ECONOMICS JOURNAL 

Print ISSN: 2256-0521; Online ISSN: 2256-0904; ISSN-L: 2256-0521; Latvia 

 

 

Volume 12, 2026, Issue 1; © 2026 EEBEJ. https://eebej.lv/ 

[301] 

the environmental performance of industrial enterprises: A case study of the Hamma Bouziane 

Cement Company (SCHB) – Constantine, *Journal of the Institute of Economic Sciences*, 27(1), 21-

40. 

2-  Benmahhad, Samir, (2016), The evolution of energy consumption and its impact on economic 

growth in energy-exporting countries: A comparative study of a sample of OPEC countries 

(Unpublished PhD thesis in Economic Sciences), University of Algiers 3, Algeria. 

3-  Ben Nouna, Fatih, (2018), The impact of energy efficiency on economic growth in Algeria (1991–

2014), *Journal of Economic and Financial Research*, 5(1), 692-709. 

4-  Chikhi, Khadidja, Bouchair, Hadjer, & Osmani, Arezki, (2022), Measuring the efficiency of 

industrial sub-sectors in supporting employment in Algeria using Data Envelopment Analysis (DEA), 

*Journal of Economic and Administrative Research*, 16(2), 799-815. 

5-  Fettane, Tayeb, & Ben Maamar, Abdelbasset, (2021), The relationship between electric energy 

consumption and economic growth in Algeria: An econometric study for the period (1990–2019), 

*Journal of Economic Sciences, Management, and Commercial Sciences*, 14(2), 158-173. 6- Kaif, 

Farida, & Ben Ali, Abdelrazak (2018). Energy consumption in the industrial sector and policies to 

improve efficiency in Arab countries during the period 2010–2016. *Journal of Advanced Economic 

Research*, 3(5), 131–144. 

 

II: Foreign-language references 

7- Belghomari, W. (2023). Investing in Energy or ICT for more Productivity in Algeria. *Finance and 

Business Economics Review*, 7(4), 133–152. 

8- Bouznit, M., Pablo-Romero, M. P., & Sánchez-Braza, A. (2018). Residential Electricity 

Consumption and Economic Growth in Algeria. *Energies*, 11(7), 1656, 1–18. 

9- Banker, R. D., Charnes, A., & Cooper, W. W. (1984). Some models for estimating technical and 

scale inefficiencies in Data Envelopment Analysis. *Management Science*, 30(9), 1078–1092. 

10- Foxon, T. J., & Steinberger, J. K. (2013). Energy, efficiency and economic growth: A 

coevolutionary perspective and implications for a low-carbon transition. *Sustainability Research 

Institute Paper*, 49, 177–183. 

11- Pesaran, M. H., Shin, Y., & Smith, R. J. (2001). Bounds testing approaches to the analysis of level 

relationships. *Journal of Applied Econometrics*, 16(3), 289–326. 

12- Solow, R. M. (1957). Technical change and the aggregate production function. *The Review of 

Economics and Statistics*, 39(3), 312–320. 

 

https://eebej.lv/

