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Abstract  

 

Energy security is one of the central issues in global politics and economics, 

given its crucial role in ensuring economic and social stability and sustaining 

development. With the increasing global demand for energy and the growing 

environmental challenges, it has become imperative to adopt effective strategies 

aimed at improving energy consumption efficiency and increasing reliance on 

renewable energy sources to achieve sustainable energy security.  

Algeria represents a prominent model in this context, as it heavily relies on 

oil and natural gas revenues to support its economy and political stability. 

Therefore, the country seeks to ensure the sustainability of its energy security by 

developing programs aimed at enhancing energy efficiency and promoting 

renewable energy, making it a significant case for study and analysis.  

This study aims to provide a comprehensive evaluation of Algeria’s energy 

efficiency policies during the period from 1990 to 2020. It examines the evolution 

of these policies, analyzes the challenges encountered in their implementation, and 

assesses the impact of energy efficiency improvements on energy security. In 

pursuit of this goal, the study employs a data-driven approach using the Nonlinear 

Autoregressive Distributed Lag (NARDL) model to analyze relevant indicators.  

The findings reveal significant progress in energy efficiency trends in 

Algeria, with improvements in the use of conventional energy sources and increased 

investment in renewable energy, contributing to enhanced energy consumption 

efficiency across various sectors. However, persistent challenges remain, notably 

the continued reliance on fossil fuels, particularly oil and gas.  

In light of these results, the study recommends increased investment in 

environmental technologies, the development of renewable energy infrastructure, 

and the advancement of research and development in energy-saving technologies. It 

also emphasizes the importance of strengthening governmental policies to promote 

sustainable energy consumption, encouraging citizens and companies to adopt more 

energy-efficient practices. Such measures will contribute to reinforcing Algeria’s 

energy security. This research provides a deeper understanding of the state’s efforts 

in energy security and highlights opportunities for improvement to ensure 

sustainable energy for future generations.  

Keywords: Energy security, energy efficiency, energy policies, renewable energy, 

Algeria, sustainable development, NARDL model, oil and natural gas, energy 

investment, energy consumption optimization, future generations.
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 المطلب الأولNARDL 

  

  

 

 NARDL  "Non linear Autoregressive Distributed Lag"
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 NARDL  ARDL (Autoregressive Distributed Lag) 

 NARDL 
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R

 

 

.
1

Fuller Dickey (ADF) Augmented Perron- Phillips 

                                                 
1
 Kelly, Nathan. "Time Series Analysis in the Social Sciences" Applied Time Series Analysis for the 

Social Sciences, edited by Nathan Kelly, Cambridge University Press, 2020, p 23
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KpssStationarity

 

 

.DF(DF) 

Fuller and Dickey0<:<

3

(ϕ=1)

ϕ<1 

 

(AR 1)  

 (AR 1) 

(AR 1) 

Xt

 (AR 1) 

                                                 
1
 Phillips, Peter CB, and Pierre Perron. "Testing for a unit root in time series regression" 

Biometrika, vol. 75, no. 2, 1988, p 33; 
2
 Dickey, David A., and Wayne A. Fuller. "Distribution of the Estimators for Autoregressive Time 

Series with a Unit Root" Journal of the American Statistical Association, vol. 74, no. 366, 1979, 

p 42< 
3
 Phillips, Peter CB, and Zhijie Xiao. "A primer on unit root testing" Journal of Economic Surveys 

12.5 (1998): PP : 426-429.
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 1981Fuller- Dickey Augmented (ADF)

AR(p): 

 

Ø A(B)  

 

(OLS)  

 

(ADF)(DF)

.
1 

 1911Perron et Phillips

Fuller- Dickey

                                                 
1
Arltová, Markéta, and Darina Fedorová. "Selection of Unit Root Test on the Basis of Length of the 

Time Series and Value of AR (1) Parameter" Statistika: Statistics & Economy Journal 96.3 (2016), 

pp : 48-49. 
2
 Wang, Dabin, and William G. Tomek. "Commodity prices and unit root tests" American Journal 

of Agricultural Economics 89.4 (2007): p : 877. 
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 (ADF)

 

  

  
  

I 

   (
 

   
)
   

  Perron -  Phillips  

PPMackinnon 

(ARDL) 

 (ARDL) 

.
2

                                                 
1
 Phillips, Peter CB, and Pierre Perron. Opp cit, p: 341-343 

2
 Jonas Kibala koma, Modélisation ARDL, test de cointegration aux bornes et approche de toda 

yamamoto, universite de Kinshasa,congo, 2018, vu sur le cite hal.archives-fr, le 14/01/2021, p.6

:.hal.archives-fr,le14/01/2021,p.6.
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ARDL

.
1 

0 ARDL

ARDL (p,q) 

( )(p,q)

ARDLk+1

k

ARDL (p,          )

 .

 :c. 

                                                 
1
Pesaran, M. Hashem, and Yongcheol Shin. An autoregressive distributed lag modelling approach 

to cointegration analysis. Vol. 9514. Cambridge, UK: Department of Applied Economics, University 

of Cambridge, 1995, p :08.
2

0100

00:00< 
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3  

 

 

∆ µ 

αβa4β4

α2i a3i 

 a4a5

a0β0 µ1t  µ2t .
2

4 ARDL

 ARDL 

: 

 

B- J

                                                 
1
Afzal. M, Malik. E. M, Butt. R, and Fatima K, (2013), Openness, Inflation and Growth 

Relationships in Pakistan An Application of ARDL Bounds Testing Approach, Pakistan 

Economic and Social Review, Vol 51, No. 1, P. 25. 
2
Inglesi-Lotz, Roula, "The role of potential factors/actors and regime switching modeling." The 

economics and econometrics of the energy-growth nexus. Academic Press, 2018. P :117
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LM  p   ( )    

  
 

(NARDL)

NARDL

ARDL

NARDLARDL

MTAR or TAR I(0)

I(1)

NARDL
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Schorderet01103
 NARDL

                                                 
1

010:09;.

2

00010;;.
3Shin, Yongcheol and Yu, Byungchul and Greenwood-Nimmo, Matthew, Modelling Asymmetric 

Cointegration and Dynamic Multipliers in a Nonlinear ARDL Framework (October 21, 2013). 

Festschrift in Honor of Peter Schmidt, W.C. Horrace and R.C. Sickles, eds., Forthcoming. 

Available:http://dx.doi.org/10.2139/ssrn.1807745, p7
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0102Shin et Yu and GreenwoodARDL0<<<

Pesaran et ShinPesaran et Al (2001)NARDL

, ,⍴, ,  

NARDLF- 

test

 

FPesaran et Al (2001)

F

NARDL

Wald test

Wald- test

                                                 
1
TuranTaner, KarakasMesut, Asymmetries in twin deficit hypothesis: Evidence from CEE 

countries, Journal of Economics, Slovak Academy of Sciences vol 66, issue6, 2018, p588
2
khalid M. Kisswani, Mohammad I. Elian, Exploring the nexus between Oil prices and sectoral 

stock prices: Non linear evidence from Kuwait stock exchange, Cogent Economics and finance 

(2017) Available: https://doi.org/10.1080/23322039.2017.1286061, p7
30100

4
 Turan Taner, Karakas Mesut, Op.Cit, p.588
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(NARDL)

 (NARDL) 

1 

(Kehinde, Ilesanmi, & Datt , 2022)(Boccauthor & 

Arthur , 2014)(Radoslaw, Piotr, Nowakowska- Krystman, & Kownacki, 2022)(Pabian & 

Bylok, 2010)
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1
Kehinde, Damilola, Ilesanmi., Devi, Datt, Tewari. Increased Fossil Fuel Consumption and Its 

Impact on Energy Efficiency and Economic Growth, Academic Journal of Interdisciplinary 

Studies, 11(1), P: 118. 
2https://data.albankaldawli.org/country/algeria

00100100

https://data.albankaldawli.org/country/algeria
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EEF EDEP PETP TED 

Mean 296.7284 14.21844 47.77198 958.9748 

Median 295.3501 13.71631 38.35 830.119 

Maximum 355.3323 23.73989 109.5 1828.971 

Minimum 260.6893 7.738761 12.3 532.683 

Std. Dev. 25.43583 4.353900 31.37432 416.535 

Skewness 0.751346 0.653767 0.691333 0.72862 

Kurtosis 2.546955 2.640872 2.172646 2.190957 

Jarque- Bera 3.079166 2.298276 3.24535 3.472624 

Probability 0.214471 0.316910 0.19737 0.176169 

Sum 8901.852 426.5533 1433.16 28769.24 

Sum Sq. Dev. 18762.46 549.7369 28546.09 5031540 

Observations 30 30 30 30 
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EEF EDEP PETP TED 

EEF 1 0.23738199 0.41442577 0.82883335 

EDEP 0.23738199 1 0.96772841 0.58042964 

PETP 0.41442577 0.96772841 1 0.67228355 

TED 0.82883335 0.58042964 0.67228355 1 
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UNIT ROOT TEST TABLE (PP) 

At Level 

  
EEF TED PETP EDEP 

With Constant 

t- Statistic 0.156 3.8845 - 1.4089 - 1.6017 

Prob. 0.9646 1 0.5641 0.4689 

 
n0 n0 n0 n0 

With Constant & Trend 

t- Statistic - 0.8451 - 0.3153 - 1.864 - 1.4794 

Prob. 0.9491 0.9862 0.647 0.8135 

 
n0 n0 n0 n0 

Without Constant & 
Trend 

t- Statistic 1.5114 7.0614 - 0.3434 - 0.5086 

Prob. 0.9645 1 0.5525 0.4873 

 
n0 n0 n0 n0 

UNIT ROOT TEST TABLE (ADF) 

At Level 

  
EEF TED PETP EDEP 

With Constant 

t- Statistic 0.068 3.2303 - 1.3343 - 1.6017 

Prob. 0.9575 1 0.5998 0.4689 

 
n0 n0 n0 n0 

With Constant & Trend 

t- Statistic - 0.8451 - 0.8032 - 1.864 - 1.4794 

Prob. 0.9491 0.9537 0.647 0.8135 

 
n0 n0 n0 n0 

Without Constant & Trend 

t- Statistic 1.4479 6.836 - 0.3194 - 0.5313 

Prob. 0.9599 1 0.5616 0.4779 

 
n0 n0 n0 n0 
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      (               )
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UNIT ROOT TEST TABLE (PP) 

At First Difference 

  
d(EEF) d(TED) d(PETP) d(EDEP) 

With Constant 

t- Statistic 
- 

5.7021 
- 3.8801 - 4.6195 - 4.7468 

Prob. 0.0001 0.0063 0.001 0.0007 

 
*** *** *** *** 

With Constant & Trend 

t- Statistic 
- 

7.4626 
- 13.1132 - 4.5226 - 4.821 

Prob. 0 0 0.0063 0.0032 

 
*** *** *** *** 

Without Constant & Trend 

t- Statistic 
- 

5.5415 
- 2.3227 - 4.6718 - 4.8491 

Prob. 0 0.022 0 0 

 
*** ** *** *** 

UNIT ROOT TEST TABLE (ADF) 

At First Difference 

  
d(EEF) d(TED) d(PETP) d(EDEP) 

With Constant 

t- Statistic 
- 

5.7057 
- 3.8601 - 4.6589 - 4.7761 

Prob. 0.0001 0.0066 0.0009 0.0007 

 
*** *** *** *** 

With Constant & Trend 

t- Statistic 
- 

6.3938 
- 6.1237 - 4.5748 - 4.7761 

Prob. 0.0001 0.0001 0.0056 0.0035 

 
*** *** *** *** 

Without Constant & Trend 

t- Statistic 
- 

5.5448 
- 0.9199 - 4.7035 - 4.8672 

Prob. 0 0.3089 0 0 

 
*** n0 *** *** 

Notes: (*)Significant at the 10%; (**)Significant at the 5%; (***) Significant at the 

1%. and (no) Not Significant 

*MacKinnon (1996) one- sided p- values. 
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PPADF

PPADF
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0.919

13011318
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312

 انًتغير درجت الإستقراريت
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Akaike Information Criteria (top 20 models)

Model194: ARDL(1, 0, 3, 3, 2)

Model68: ARDL(1, 2, 3, 3, 0)

Model193: ARDL(1, 0, 3, 3, 3)

Model130: ARDL(1, 1, 3, 3, 2)

Model4: ARDL(1, 3, 3, 3, 0)

Model67: ARDL(1, 2, 3, 3, 1)

Model66: ARDL(1, 2, 3, 3, 2)

Model196: ARDL(1, 0, 3, 3, 0)

Model129: ARDL(1, 1, 3, 3, 3)

Model3: ARDL(1, 3, 3, 3, 1)

Model232: ARDL(1, 0, 1, 2, 0)

Model228: ARDL(1, 0, 1, 3, 0)

Model216: ARDL(1, 0, 2, 2, 0)

Model2: ARDL(1, 3, 3, 3, 2)

Model132: ARDL(1, 1, 3, 3, 0)

Model236: ARDL(1, 0, 1, 1, 0)

Model195: ARDL(1, 0, 3, 3, 1)

Model212: ARDL(1, 0, 2, 3, 0)

Model65: ARDL(1, 2, 3, 3, 3)

Model104: ARDL(1, 2, 1, 2, 0)
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ARDL Long Run Form and Bounds Test 

Dependent Variable: D(LNTED) 

Selected Model: ARDL (1, 0, 3, 3, 2) 

Variable Coefficient Std. Error t- Statistic Prob.  

C - 3.352232 2.31661 - 1.447042 0.1735 

LNTED(- 1)* - 0.73302 0.177792 - 4.122918 0.0014 

LNPETP** - 0.337223 0.144353 - 2.336105 0.0377 

LNEEF_POS(- 1) 2.136417 0.633293 3.373504 0.0055 

LNEEF_NEG(- 1) 0.242843 0.443603 0.547433 0.5941 

LNEDEP(- 1) 0.395425 0.155236 2.547247 0.0256 

D(LNEEF_POS) 0.30895 0.457528 0.675259 0.5123 

D(LNEEF_POS(- 1)) - 1.450788 0.598653 - 2.423419 0.0321 

D(LNEEF_POS(- 2)) - 0.983293 0.456329 - 2.154791 0.0522 

D(LNEEF_NEG) 1.200758 0.49322 2.434528 0.0315 

D(LNEEF_NEG(- 1)) 1.377762 0.521287 2.643003 0.0215 

D(LNEEF_NEG(- 2)) 1.010986 0.486246 2.079165 0.0597 

D(LNEDEP) - 0.369418 0.145881 - 2.532325 0.0263 

D(LNEDEP(- 1)) - 0.045254 0.022892 - 1.976822 0.0715 

 جل الطويلمعاملات الأ

Variable Coefficient Std. Error t- Statistic Prob.  

LNPETP 0.460046 0.140737 3.268843 0.0067 

LNEEF_POS 2.914541 0.284091 10.25918 0 

LNEEF_NEG 0.331291 0.562022 0.589463 0.5665 

LNEDEP - 0.539446 0.138326 - 3.899814 0.0021 

C - 4.573178 2.700241 - 1.693619 0.1161 

 جل الطويلمعادلة الأ

EC = LNTED -  (- 0.4600*LNPETP + 2.9145*LNEEF_POS + 0.3313 *LNEEF_NEG 

+ 0.5394*LNEDEP -  4.5732) 
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F- Bounds Test 

Null Hypothesis: No levels relationship 

Test Statistic Value Signif. I(0) I(1) 

   
Asymptotic: n=1000 

F- statistic 5.919867 
 

Finite Sample: n=30 

k 4 10% 2.525 3.56 

Actual Sample Size 26 5% 3.058 4.223 

  
1% 4.28 5.84 
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 Dependent Variable: LNTED  

Method: ARDL 

Sample (adjusted): 1994 2019 

Included observations: 26 after adjustments 

Selected Model: ARDL (1, 0, 3, 3, 2) 

Variable Coefficient Std. Error t- Statistic Prob.*  

LNTED(- 1) 0.26698 0.177792 1.501645 0.159 

LNPETP - 0.337223 0.144353 - 2.336105 0.0377 

LNEEF_POS 0.30895 0.457528 0.675259 0.5123 

LNEEF_POS(- 1) 0.376679 0.396617 0.949731 0.361 

LNEEF_POS(- 2) 0.467494 0.392543 1.190937 0.2567 

LNEEF_POS(- 3) 0.983293 0.456329 2.154791 0.0522 

LNEEF_NEG 1.200758 0.49322 2.434528 0.0315 

LNEEF_NEG(- 1) 0.419847 0.548779 0.765058 0.459 

LNEEF_NEG(- 2) - 0.366776 0.493308 - 0.743504 0.4715 

LNEEF_NEG(- 3) - 1.010986 0.486246 - 2.079165 0.0597 

LNEDEP 0.369418 0.145881 2.532325 0.0263 

LNEDEP(- 1) - 0.019247 0.028859 - 0.666931 0.5174 

LNEDEP(- 2) 0.045254 0.022892 1.976822 0.0715 

C - 3.352232 2.31661 - 1.447042 0.1735 

R- squared 0.998008  Mean dependent var 6.846029 

Adjusted R- squared 0.99585  S.D. dependent var 0.407096 

S.E. of regression 0.026224  Akaike info criterion - 4.140517 

Sum squared resid 0.008253  Schwarz criterion - 3.46308 

Log likelihood 67.82672  Hannan- Quinn criter. - 3.94544 

F- statistic 462.501  Durbin- Watson stat 3.120731 

Prob(F- statistic) 0  
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Null hypothesis: No serial correlation at up to 5 lags  

F- statistic 1.370456 
Prob. 

F(2,10) 
0.6164 

Breusch- Godfrey Serial 

Correlation LM Test:  
Obs*R- squared 1.566862 

Prob. Chi- 

Square(2) 
0.8007 

Null hypothesis: Homoskedasticity 

Heteroskedasticity Test: 

Breusch- Pagan- Godfrey 

F- statistic 2.641098 
Prob. 

F(13,12) 
0.0512 

Obs*R- squared 19.26632 
Prob. Chi- 

Square(13) 
0.1151 

Scaled explained SS 6.592585 
Prob. Chi- 

Square(13) 
0.9219 

j- b stat 2.0142 0.3652  jarque- berranormilty test 
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