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Rankl Alter5 Q = 0.11325
Rank2 Alter4 Q = 0.32292
Rank3 Alter3 Q = 0.53567
Rank4 Alter6 Q = 0.72538
Rank5 Alter2 Q = 0.85205
Rank6 Alterl Q = 0.88569
s S s
Rankl Alter5 S = 1.4333
Rank2 Alter4 S = 1.5578
Rank3 Alter3 S =1.649
Rank4 Alter6 S = 2.2677
Rank5 Alter2 S = 2.0402
Rank6 Alterl S = 2.5575

R & A

Rankl Alter5 R =0.213

Rank2 Alter3S R =0.31271

Rank3 Alter4 R = 0.655

Rank4 Alter6 R = 0.67683

Rank5 Alter2 R = 0.76417

Rank6 Alterl R =0.786
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Rankl Alter4 Q = 0.12458
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Rank3 Alter3 Q = 0.59256
Rank4 Alter6 Q = 0.75235
Rank5 Alterl Q = 0.80156
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Rankl Alter4 S = 1.4823
Rank2 Alter5 S = 1.5412
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#R s
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Null Hypothesis: D(GDP) has a unit root
Exogenous: Constant

Lag Length: O (Automatic - based on SIC, maxlag=9)

t-Statistic Prob.*
Augmented Dickey-Fuller test statistic -3.379611 0.0000
Test critical values: 1% level -3.632900
5% level -2.948404
10% level -2.612874
*MacKinnon (1996) one-sided p-values.
Augmented Dickey-Fuller Test Equation
Dependent Variable: D(GDP,2)
Method: Least Squares
Date: 12/15/18 Time: 18:43
Sample (adjusted): 1362 1396
Included observations: 35 after adjustments
Variable Coefficient Std. Error t-Statistic Prob.
D(GDP(-1)) -0.882427 0.164032 -5.379611 0.0000
C 1.09E+14 4.56E+13 2.385817 0.0229
R-squared 0.967228 Mean dependent var -8.97E+12
Adjusted R-squared 0.451084 S.D. dependent var 3.19E+14
S.E. of regression 2.37E+14 Akaike info criterion 69.08778
Sum squared resid 1.85E+30 Schwarz criterion 69.17666
Log likelihood -1207.036 Hannan-Quinn criter. 69.11846
F-statistic 28.94021 Durbin-Watson stat 2.006917
Prob(F-statistic) 0.000006
Null Hypothesis: D(LAFO) has a unit root
Exogenous: Constant
Lag Length: 0 (Automatic - based on SIC, maxlag=9)
t-Statistic Prob.*
Augmented Dickey-Fuller test statistic -3.561480 0.0000
Test critical values: 1% level -3.632900
5% level -2.948404
10% level -2.612874

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

Augmented Dickey-Fuller Test Equation
Dependent Variable: D(LAFO,2)
Method: Least Squares

Date: 12/15/18 Time: 18:47
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Sample (adjusted): 1362 1396
Included observations: 35 after adjustments

Variable Coefficient Std. Error t-Statistic Prob.
D(LAFO(-1)) -1.166384 0.154253 -7.561480 0.0000
C 796755.8 185142.7 4.303468 0.0001
R-squared 0.834049 Mean dependent var 62213.60
Adjusted R-squared 0.622959 S.D. dependent var 1518538.
S.E. of regression 932437.5 Akaike info criterion 30.38444
Sum squared resid 2.87E+13 Schwarz criterion 30.47331
Log likelihood -529.7276 Hannan-Quinn criter. 30.41512
F-statistic 57.17599 Durbin-Watson stat 1.800984
Prob(F-statistic) 0.000000
Null Hypothesis: D(IEPP) has a unit root
Exogenous: Constant
Lag Length: 0 (Automatic - based on SIC, maxlag=9)
t-Statistic Prob.*
Augmented Dickey-Fuller test statistic -3.500473 0.0000
Test critical values: 1% level -3.632900
5% level -2.948404
10% level -2.612874
*MacKinnon (1996) one-sided p-values.
Augmented Dickey-Fuller Test Equation
Dependent Variable: D(IEPP,2)
Method: Least Squares
Date: 12/15/18 Time: 18:48
Sample (adjusted): 1362 1396
Included observations: 35 after adjustments
Variable Coefficient Std. Error t-Statistic Prob.
D(IEPP(-1)) -1.122389 0.172663 -6.500473 0.0000
C 30961635 22379271 1.383496 0.1758
R-squared 0.661498 Mean dependent var 657142.9
Adjusted R-squared 0.548210 S.D. dependent var 1.93E+08
S.E. of regression 1.29E+08 Akaike info criterion 40.25160
Sum squared resid 5.53E+17 Schwarz criterion 40.34047
Log likelihood -702.4030 Hannan-Quinn criter. 40.28228
F-statistic 42.25615 Durbin-Watson stat 2.009880
Prob(F-statistic) 0.000000
Null Hypothesis: D(EPRS) has a unit root
Exogenous: Constant
Lag Length: 6 (Automatic - based on SIC, maxlag=9)
t-Statistic Prob.*
Augmented Dickey-Fuller test statistic 2.645746 0.0074
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Test critical values: 1% level -3.632900
5% level -2.948404
10% level -2.612874

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

Augmented Dickey-Fuller Test Equation
Dependent Variable: D(EPRS,2)

Method: Least Squares

Date: 12/15/18 Time: 18:50

Sample (adjusted): 1368 1396

Included observations: 29 after adjustments

Variable Coefficient Std. Error t-Statistic Prob.
D(EPRS(-1)) 0.296718 0.489840 0.605746 0.0000
C 6088122. 7132060. 0.853627 0.4029
R-squared 0.565157 Mean dependent var -1715517.
Adjusted R-squared 0.953543 S.D. dependent var 1.31E+08
S.E. of regression 28184586 Akaike info criterion 37.37540
Sum squared resid 1.67E+16 Schwarz criterion 37.75258
Log likelihood -533.9433 Hannan-Quinn criter. 37.49353
F-statistic 83.10173 Durbin-Watson stat 2.401234
Prob(F-statistic) 0.000074
Null Hypothesis: D(FFEC) has a unit root
Exogenous: Constant
Lag Length: 0 (Automatic - based on SIC, maxlag=9)
t-Statistic Prob.*
Augmented Dickey-Fuller test statistic -2.797858 0.0004
Test critical values: 1% level -3.632900
5% level -2.948404
10% level -2.612874
*MacKinnon (1996) one-sided p-values.
Augmented Dickey-Fuller Test Equation
Dependent Variable: D(FFEC,2)
Method: Least Squares
Date: 12/15/18 Time: 18:56
Sample (adjusted): 1362 1396
Included observations: 35 after adjustments
Variable Coefficient Std. Error t-Statistic Prob.
D(FFEC(-1)) -0.944052 0.196765 -4.797858 0.0000
C 0.039377 0.042799 0.920050 0.3642
R-squared 0.410919 Mean dependent var 0.015155
Adjusted R-squared 0.393068 S.D. dependent var 0.322740
S.E. of regression 0.251434 Akaike info criterion 0.132170
Sum squared resid 2.086223 Schwarz criterion 0.221047
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Log likelihood -0.312975 Hannan-Quinn criter. 0.162850
F-statistic 23.01944 Durbin-Watson stat 1.676494
Prob(F-statistic) 0.000033

ks> = dlasz yaesl sl S8l e (2>

Date: 12/15/18 Time: 19:31

Sample (adjusted): 1362 1396

Included observations: 35 after adjustments
Trend assumption: Linear deterministic trend
Series: GDP LAFO IEPP EPRS FFEC

Lags interval (in first differences): 1 to 1

Unrestricted Cointegration Rank Test (Trace)

Hypothesized Trace 0.05
No. of CE(s) Eigenvalue Statistic Critical Value Prob.**
None * 1.000000 128.2911 69.81889 0.0000
At most 1 * 0.541193 53.45353 47.85613 0.0136
At most 2 0.361321 26.18416 29.79707 0.1233
At most 3 0.200519 10.49178 15.49471 0.2448
At most 4 0.073158 2.659032 3.841466 0.1030

Trace test indicates 2 cointegrating eqn(s) at the 0.05 level
* denotes rejection of the hypothesis at the 0.05 level
**MacKinnon-Haug-Michelis (1999) p-values

Unrestricted Cointegration Rank Test (Maximum Eigenvalue)

Hypothesized Max-Eigen 0.05
No. of CE(s) Eigenvalue Statistic Critical Value Prob.**
None * 1.000000 122.9458 33.87687 0.0000
At most 1 * 0.541193 27.26937 27.58434 0.0448
At most 2 0.361321 15.69238 21.13162 0.2433
At most 3 0.200519 7.832749 14.26460 0.3959
At most 4 0.073158 2.659032 3.841466 0.1030

Max-eigenvalue test indicates 1 cointegrating eqn(s) at the 0.05 level
* denotes rejection of the hypothesis at the 0.05 level
**MacKinnon-Haug-Michelis (1999) p-values

Unrestricted Cointegrating Coefficients (normalized by b*S11*b=I):

GDP LAFO IEPP EPRS FFEC
4.95E-15 1.21E-22 6.00E-25 5.51E-24 1.01E-17
-1.26E-15 -2.96E-07 9.15E-09 -1.93E-08 -1.103987
1.16E-15 2.68E-07 2.99E-09 1.12E-08 4.322941
1.08E-15 8.82E-09 1.48E-10 1.92E-08 0.131059
4.18E-17 2.94E-07 3.63E-09 5.97E-09 1.183758

Unrestricted Adjustment Coefficients (alpha):

D(GDP) 2.02E+14 -0.105713 0.000977 -0.075256 -0.052246
D(LAFO) -158725.6 458864.2 118338.7 -147908.2 75130.27
D(IEPP) 7497291. -36117601 41858798 -28420343 1065541.
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D(EPRS) 19626013 17612532 -2219213. -3151717. -9045925.
D(FFEC) -0.024229 -0.055196 -0.076179 -0.063633 -0.008689
1 Cointegrating Equation(s): Log likelihood -2463.084
Normalized cointegrating coefficients (standard error in parentheses)
GDP LAFO IEPP EPRS FFEC
1.000000 2.88E-08 -2.17E-10 1.41E-09 -0.028457
(0.28308) (0.00564) (0.01598) (2551650)
Adjustment coefficients (standard error in parentheses)
D(GDP) -1.000000
(2.8E-09)
D(LAFO) 7.86E-10
(7.5E-10)
D(IEPP) -3.71E-08
(1.0E-07)
D(EPRS) -9.72E-08
(4.0E-08)
D(FFEC) 1.20E-16
(2.0E-16)
2 Cointegrating Equation(s): Log likelihood -2449.450
Normalized cointegrating coefficients (standard error in parentheses)
GDP LAFO IEPP EPRS FFEC
1.000000 0.000000 6.72E-10 -4.68E-10 -0.135810
(0.00556) (0.01523) (2488111)
0.000000 1.000000 -0.030911 0.065283 3731165.
(0.00583) (0.01598) (2610626)
Adjustment coefficients (standard error in parentheses)
D(GDP) -1.000000 1.02E-08
(2.9E-09) (0.16888)
D(LAFO) 1.36E-09 -0.135770
(6.2E-10) (0.03617)
D(IEPP) -8.26E-08 10.68657
(9.8E-08) (5.69394)
D(EPRS) -7.51E-08 -5.211242
(3.7E-08) (2.16432)
D(FFEC) 5.05E-17 1.63E-08
(2.0E-16) (1.1E-08)
3 Cointegrating Equation(s): Log likelihood -2441.603
Normalized cointegrating coefficients (standard error in parentheses)
GDP LAFO IEPP EPRS FFEC
1.000000 0.000000 0.000000 1.24E-09 0.181651
(0.01258) (2279223)
0.000000 1.000000 0.000000 -0.013278 -10862137
(0.01585) (2871897)
0.000000 0.000000 1.000000 -2.541494 -4.72E+08
(0.59042) (1.1E+08)
Adjustment coefficients (standard error in parentheses)
D(GDP) -1.000000 1.11E-08 -1.07E-09
(3.0E-09) (0.22789) (0.00549)
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D(LAFO) 1.23E-09 -0.167493 0.003843

(6.3E-10) (0.04796) (0.00116)
D(IEPP) -1.31E-07 -0.534511 -0.455456
(9.2E-08) (6.97771) (0.16816)
D(EPRS) -7.25E-08 -4.616338 0.167721
(3.8E-08) (2.91552) (0.07026)
D(FFEC) 1.39E-16 3.68E-08 -2.77E-10
(1.9E-16) (1.4E-08) (3.4E-10)
4 Cointegrating Equation(s): Log likelihood -2437.687
Normalized cointegrating coefficients (standard error in parentheses)
GDP LAFO IEPP EPRS FFEC
1.000000 0.000000 0.000000 0.000000 0.201386
(1976634)
0.000000 1.000000 0.000000 0.000000 -11073256
(2685504)
0.000000 0.000000 1.000000 0.000000 -5.13E+08
(2.1E+08)
0.000000 0.000000 0.000000 1.000000 -15899394
(7.1E+07)
Adjustment coefficients (standard error in parentheses)
D(GDP) -1.000000 2.21E-09 -9.39E-10 2.73E-09
(3.1E-09) (0.22794) (0.00549) (0.01679)
D(LAFO) 1.07E-09 -0.168798 0.003821 -0.004709
(6.2E-10) (0.04660) (0.00112) (0.00343)
D(IEPP) -1.62E-07 -0.785177 -0.459669 1.709284
(8.9E-08) (6.62881) (0.15974) (0.48814)
D(EPRS) -7.59E-08 -4.644136 0.167253 -0.304563
(3.9E-08) (2.90615) (0.07003) (0.21400)
D(FFEC) 6.97E-17 3.62E-08 -2.87E-10 1.44E-09
(1.8E-16) (1.3E-08) (3.2E-10) (9.8E-10)

(VECM) Loz zoeai o8l (y505] @l sl 1381 05 (29,

Vector Error Correction Estimates

Date: 12/15/18 Time: 20:33

Sample (adjusted): 1362 1396

Included observations: 35 after adjustments
Standard errors in () & t-statistics in [ ]

Cointegrating Eq: CointEql
GDP(-1) 1.000000
LAFO(-1) -0.91E+08

(0.2E+07)
[-6.30242]
IEPP(-1) 0.995974
(0.85590)
[ 4.57358]
EPRS(-1) -1.631535
(0.50323)

14



[-3.75037]

FFEC(-1) 1.087954
(0.85816)
[1.66777]
C 1.50E+15
Error Correction: D(GDP) D(LAFO) D(IEPP) D(EPRS)
CointEql -0.026006 4.47E-10 -1.80E-08 1.38E-09
(0.03109) (9.3E-11) (1.5E-08) (8.0E-09)
[-1.83660] [ 4.82700] [-1.50596] [1.77184]
D(GDP(-1)) 0.340125 -8.37E-10 -2.00E-07 -6.46E-08
(0.22135) (6.6E-10) (1.1E-07) (5.7E-08)
[ 1.53660] [-1.66922] [-1.88679] [-1.52780]
D(LAFO(-1)) 0.767422 -0.368029 -30.62533 -7.309388
(4.6E+07) (0.13777) (2.21724) (1.19650)
[ 1.63063] [-2.67132] [-1.38123] [-1.61090]
D(IEPP(-1)) 0.162823 -0.001569 -0.069884 -0.139877
(0.43607) (0.00102) (0.16470) (0.08888)
[1.51151] [-1.53355] [-1.52430] [-1.57380]
D(EPRS(-1)) -1.115116 0.004039 0.496661 -0.406612
(0.55266) (0.00255) (0.40995) (0.22123)
[-1.80382] [ 1.58562] [1.21150] [-1.83800]
D(FFEC(-1)) 0.228994 3390369. 78642778 0.369089
(0.34126) (0.2E+08) (0.2E+07) (0.21121)
[1.67103] [2.01567] [ 2.42907] [1.74748]
C 0.0213 34494699 87300808 0.018436
(0.02313) (0.08E+7) (0.02E+7) (0.07621)
[3.21992] [2.44187] [7.47327] [2.24192]
R-squared 0.916804 0.842606 0.859960 0.670381
Adj. R-squared -0.868305 -0.753724 0.782160 0.487260
Sum sq. resids 1.077096 4.33E+17 9.69E+15 0.412591
S.E. equation 0.845944 2.19E+08 32820063 0.214111
F-statistic 9.78275 8.589385 11.05347 3.660857
Log likelihood -1.530717 -305.5439 -277.0511 5.666030
Akaike AIC 1.004096 41.53919 37.74015 0.044529
Schwarz SC 1.287316 41.82241 38.02337 0.327749
Mean dependent 0.079400 47666667 50000000 0.023133
S.D. dependent 0.313421 1.90E+08 70318662 0.299013
Determinant resid covariance (dof adj.) 7.28E+28
Determinant resid covariance 9.44E+27
Log likelihood -568.2448
Akaike information criterion 79.49931
Schwarz criterion 80.82101
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Sustainable Selection of electricity production technologies by using a
Multiple-criteria decision-making (MCDM) approach:

(a case study of Iran)

Abstract:

The purpose of this research is evaluation of electricity generating technologies toward
environmental, social and economic goals to help economic policy makers for decreasing
the cost and reducing environmental pollution like radiation and also helping them for
social development. In order to Iran’s economic improvement by using Multiple-criteria
decision-making (MCDM) method and presenting a new and monolithic modelling of
electricity principles, the Group FAHP methods, Shannon’s entropy, VIKOR method and
Vector Auto Regression model (VAR), Johansen-Jussilius method and error correction
pattern, are used. The preferences and principles of each criteria will identify and evaluate
according to Iran’s community needs in processes of electricity generation. The results
show that solar energy due to VIKOR’s ranking is in first place by 0/88 of confidence
level, then the energy of wind energy, gas, water, geothermal and coal is ranking in
Second, third, fourth, fifth and sixth . Using coal energy in Iran has no economic profit
but solar energy on the other hand is more useful than other energies for economic and
social efficiencies due to global warming. It also might reduce the pollution of fossil fuels
and makes a proper substrate for these energies’ optimization in Iran.Also; results based
on Vector Auto Regression show that GDP, private energy investments, electric power
generation and fossil fuel consumption, as renewable energies are significant. Has a
positive and significant effect on the economic growth in Iran.And since the Vector Auto
Regression model examines the positive correlation between variables, the relationship
between the use of renewable energy and economic impact, which affect by each other in
Iran cannot reject.

Keywords: Technology choosing, Electricity, Sustainable development, VIKOR index,
Vector Auto Regression.
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