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Contribution of renewable energies to clean electricity production as a percentage of

total electricity produced in Germany, Denmark, Norway and China — a benchmark
study for the period: 2007-2024
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Abstract:

This study aims to analyze the contribution of renewable energy sources to clean electricity
production in Germany, Denmark, Norway, and China during the period 2007-2024, using panel
data and the Pane ARDL model with the Pooled Mean Group (PMG) estimator.

Unit root and cointegration tests revealed a long-term equilibrium relationship between the
study variables. The long-term estimation results showed a significant positive effect of total
renewable energy capacity on the share of renewable energy sources in electricity production,
reflecting the pivotal role of investment in energy infrastructure. Electricity production also
registered a significant positive effect, albeit a relatively small one. Short-term results confirmed the
existence of an effective error correction mechanism towards long-term equilibrium.
Comparatively, Norway demonstrated the fastest rate of imbalance correction, making its model the
most efficient benchmark. The study concludes that supporting policies to expand renewable
capacity is crucial for promoting the energy transition and achieving electricity sustainability.
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Dependent Yariable: D{RESH)

Method: ARDL

Date: 01/28/26 Time: 16:56

Sample: 2008 2020

Included observations: G0

Maximum dependent lags: 2 (Automatic selection)
Maodel selection method: Akaike info criterion (AIC)
Dynamic regressars (1 1ag, automatic): TRC EFP
Fixed regressors: C

Mumber of models evalulated: 2

Selected Model: ARDL(Z, 1, 1)

Mote: final equation sample is largerthan selection sample

Yariable Coefficient Std. Error t-Statistic Prob.*

Long Run Equation

TRC T.6OE-06 6.37E-06 5207427 0.0000
EF 0.067420 0.007074 8531304 0.0000

Short Run Equation

COINTEQD -0.273908 0290131 -5961317 0.0000
D(RESH(-1)) -0.237231 0192935  -1.229502 0.2251
D(TRC) 1.189e-05 4.04E-06 2938456 0.0051
D(EF) 0.373493 0.343253 3.089219 0.0003

C 2771876 24 40647 1.135713 0.2620
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Dependent Variable: RESH?

Method: Pooled Least Squares

Drate: 01/29/26 Time: 12:03

Sample: 2007 2024

Included observations: 15
Cross-sections included: 4

Total pool (balanced) cbservations: 72

wWariaDle CosefMcient Std. Error -Statistic ProD.

EFY —0.01s5 154 00042065 —4. 215569 (eeuln iy |
TRC? S.82E-05 2. 829E-05 Z.049705 o.o0=2
= 532 43573 2623965 17. 50451 o 0000

Root MSE 25 47101 R-sguared 0.251360
Mean dependent var 52 12500 Adjusted R-sguared O0.2322074
S D. dependent var 21. 86024 S E. of regression 25. 012284
Alkaike info criterion 9. 295292 Surm sqguared resid 457F711.61
Schwarz criterion 9491152 Log likelihnood —-335.2665
Hanmnan—Cuinn criter. 9. 434057 F-statistic 18. 72927
DCurbin-Watson stat 0.04F7138 Probo(F-statistic) O.000000
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Pendant wariable: FRESE®
Menoo: Hocled =SS ((rossS—Secion ran aorm ere ors 3
P b=

o et coroans L0 02T e = 2232228 28832
SumasTRasta s STENETZ BT ihnenes 5553238
Mull Hypothesis: Unit root (common unit root process)
Series: RESH
Date: 01/29/26 Time: 12:12
Sample: 2007 2024
Exogenous variables: Individual effects, individual linear trends
User-specified lags: 1
Mewey-West automatic bandwidth selection and Bartlett kernel
Total (balanced) observations: 64
Cross-sections included: 4
Method Statistic Prob. **
Lewvin, Lin & Chu t* -10. 7086 0.0000
** Probabilities are computed assuming asympotic normality
Imtorrmdiate recnlde o DO
Mull Hypothesis: Unit root {(individual unit root process)
Series: RESH
Date: 01/29/26 Time: 12:13
Sample: 2007 2024
Exogenous variables: Individual effects, individual linear trends
User-specified lags: 1
Total (balanced) cbservations: G4
Cross-sections included: 4
Method Statistic Prob.**
Im, Pesaran and Shin W-stat -4.93124 0.0000
** Probabilities are computed assuming asympotic normality
Mull Hypothesis: Unit root (individual unit root process)
Series: RESH
Crate: 012926 Time: 12:14
Sample: 2007 2024
Exogenous variables: Individual effects, individual linear trends
User-specified lags: 1
Total (balanced) observations: G4
Cross-sections included: 4
Method Statistic Prob.**
ADF - Fisher Chi-square 270114 o.0o0o7F
ADF - Choi Z-stat -2 11715 0.0171
Mull Hypothesis: Unit root (common unit root process)
Series: EP
Date: 01/29/26 Time: 12:16
Sample: 2007 2024
Exogenous variables: Individual effects, individual linear trends
User-specified lags: 1
Mewey-West automatic bandwidth selection and Bartlett kernel
Total (balanced) cbservations: G4
Cross-sections included: 4
Method Statistic Prob.**
Lewvin, Lin & Chu t* -0.00939 0.4963

** Probabilities are computed assuming asympotic normality
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MMull Hypothesis: Unit root (common unit root process)

Series: DI(EP)

Drate: 012926 Time: 12:17

Sample: 2007 2024

Exogenous variables: Individual effects, individual linear trends
User-specified lags: 1

Mewey-West automatic bandwidth selection and Bartlett kernel
Total (balanced) observations: 60

Cross-sections included: 4

Method Statistic Prob. **
Lewvin, Lin & Chu t* -6.29105 0.0000

** Probabilities are computed assuming asympotic normality

Mull Hypothesis: Unit root (individual unit root process)

Series: D(EP)

Date: 01/29/26 Time: 12:17

Sample: 2007 2024

Exogenous variables: Individual effects, individual linear trends
User-specified lags: 1

Total (balanced) observations: G0

Cross-sections included: 4

Method Statistic Prob.**
Im, Pesaran and Shin W-stat -4 82793 0.0000

** Probabilities are computed assuming asympotic normality

TRC s &y il 5Leis| sl D o8 3=l

MMull Hypothesis: Unit root (common unit root process)

Series: TRC

Drate: 01/29/26 Time: 12:18

Sample: 2007 2024

Exogenous variables: Individual effects, individual limear trends
User-specified lags: 1

Meweay-West automatic bandwidth selection and Bartlett kernel
Total number of observations: 60

Cross-sections included: 4

Method Statistic Prob.**
Lewvin, Lin & Chu t* 918120 1.0000

** Probabilities are computed assuming asympotic normality

Mull Hypothesis: Unit root {(common unit root process)

Series: DNTRC)

Drate: 01/29/26 Time: 12:19

Sample: 2007 2024

Exogenous variables: Individual effects, individual linear trends
User-specified lags: 0

Mewey-West automatic bandwidth selection and Bartlett kernel
Total number of obsernvations: 60

Cross-sections included: 4

Method Statistic Profb. >
Levin, Lin & Chu t* -1.60208 0.04456

#H% Drmbvahilitioa e Ao coamvmrmaitand Aacciminn Aacwurminntis moaoresalihe
Mull Hypothesis: Unit root {individual unit root process)
Series: D(TRC)
Date: 01/29/26 Time: 12:19
Sample: 2007 2024
Exogenous variables: Individual effects, individual linear trends
LUser-specified lags: 0
Total number of cbservations: GO
Cross-sections included: 4

Method Statistic Profb.**
Im, Pesaran and Shin W-stat -2 64765 0.0041

** Probabilities are computed assuming asympotic normality

790



oo JS 8 Bt sy g0 B e Adad) sl SO 7 ot 8 ol B! APLas
2024 - 2007 : 8 pill Gl il y3 — ol g gy Ale Ll g L

@Ry ol

Mull Hypothesis: Unit root (individual unit root process)

Series: D(TRC)

Date: 012926 Time: 12:20

Sample: 2007 2024

Exogenous variables: Individual effects, individual linear trends
ser-specified lags: 0

Total number of observations: 60

Cross-sections included: 4

Method Statistic Prob.**
ADF - Fisher Chi-square 24 5788 0.0018
ADF - Choi Z-stat -2.28825 0.0108

** Probabilities for Fisher tests are computed using an asymptotic Chi
% -square distribution. All other tests assume asymptotic normality.

padroni e el Lol jlas | gl | gl

Pedroni Residual Cointegration Test

Series: RESH EP TRC

Date: 01/29/26 Time: 12:22

Sample: 2007 2024

Included observations: 72

Cross-sections included: 4

Mull Hypothesis: Mo cointegration

Trend assumption: Deterministic intercept and trend
User-specified lag length: O

Mewey-West automatic bandwidth selection and Bartlett kernel

Alternative hypothesis: common AR coefs. (within-dimension)

Weighted
Statistic FProb. Statistic Prob.
Panel v-Statistic 11.25985 0.0000 3728249 0.0001
Panel rho-Statistic -1.281273 0.1000 -0.019442 0.4922
Panel PP-Statistic -8 559662 0.0000 -3.779936 0.0001
Panel ADF-Statistic -7.441608 0.0000 -3.629351 0.0001

Alternative hypothesis: individual AR coefs. (between-dimension)

Statistic Prob.
Group rho-Statistic 0.225821 0.6277
Group PP-Statistic -5.551274 0.0000
Group ADF-Statistic -5.065995 0.0000
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