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Abstract: Carbon emissions from electricity production activities account for a significant proportion of total global
emissions. Therefore, the power industry has become a key stakeholder in achieving "carbon emission reduction" goals.
By employing a quantitative comprehensive evaluation approach to assess national power development levels, we can
not only clearly delineate the development trajectory of various countries in the power sector but also more accurately
identify the gaps between China and other countries in power development. This paper conducts a comprehensive
evaluation and research on national power development levels and proposes an evaluation method for power
development levels based on an improved multi-objective particle swarm optimization (MOPSO) algorithm to optimize
the projection pursuit model. Firstly, an improved MOPSO algorithm is proposed. Secondly, two projection pursuit
models are established, and further optimized using the improved MOPSO algorithm to obtain the optimal Pareto
solution set for the projection vectors. Finally, a fuzzy comprehensive evaluation is used to obtain the optimal weight
compromise solution, which is then substituted into the prospect theory model to derive comprehensive scores for the
power development levels of various countries. Based on these scores, an objective ranking of the power development

levels of various countries is conducted. The proposed method is validated using an actual dataset of national power
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development levels. The experimental results demonstrate that this method can effectively rank national power

development levels, with evaluation accuracy superior to existing evaluation methods for power development levels.

Key words: power development level; improved multi-objective particle swarm algorithm; projection pursuit model;

evaluation method
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0.000
0.292
1.000
0.258
0.411
0.700
0.965

0.050
0.035
1.000
0.971
0.063
0.185
1.000
0.206
0.241
0.053
0.146
0.448
0.898
0.980
0.758
0.780
1.000

0.060
0.084
0.447
0.932
0.175
0.049
0.161
0.674
1.000
0.868
0.000
0.431
0.939
0.471
0.363
0.476
0.903

0.000
0.019
0.840
0.423
0.288
0.237
0.276
1.000
0.483
0.173
0.256
0.324
0.898
0.710
0.766
0.699
0.912

1.000
1.000
0.090
1.000
0.000
0.362
0.024
0.200
0.190
0.067
1.000
0.230
0.000
0.381
0.557
0.641
0.000

0.177
0.162
0.000
0.865
0.037
0.143
0.013
0.154
0.155
0.307
0.805
0.000
0.224
0.000
0.000
1.000
0.101

0.147
0.165
0.564
0.231
0.637
0.123
0.000
0.017
0.828
0.120
0.134
0.490
0.890
1.000
1.000
0.472
0.907

0.046
0.019
0.453
0.712
0.346
0.000
0.384
0.000
0.138.
0.067
0.890
0.681
0.408
0.555
0.718
0.165
0.534

R2 B AL AR AT

Table 2

The indicator values of power development

P yioooy2y3 oy yb 6 7 8

39 yl10 oyl yl2z  y13 yld

s (1)
s, (%K)
sy (R F)

sy(FEE)

ss(I:E) 533

4083 1197 31.4 32.9 6.8 19.5

601 143 9.3 9.3 58.0 15.2

298 75 10.8 60.0 9.6

312 97 9.3 42.2 2.5

131 1.9 0.5 6.3 11.7
se(T8E) 590
s (FHHEA)
ss(HE )
so(ENJEE)
s10( HA)

sy (B )

207 4.0

256 105 14.5

5794 1639 68.2 0.2 19.2

1236 329 748 1.6 9.3 2.6

1073 333 33.7 8.2 8.2 1.7

516 105 41.8 3.2 225 1.2 289

5.3

4.6

3.2

1.1 1.4 1.7 12814 0.24 44.1

0.5 1.9 1.5 15004 0.30 44.0

0.1 0.5 4.3 2116 38.0

3.1 80 0.6 5030

0.9 1.8 7237
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-3
w1
[\
(2
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7.0 0.6 6995 44.6

2.9 1.8 2.7 5489 48.3

1.2 1.0 8.8 4161 43.2 6.78

1.0 28 7.2 926 1.70

4.9 1.4 1.7 7818 0.17 52.8 9.17

0.9 1.0 79 10522 041 459 245 13.52
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[ BT, N ML 2 B ARk B2 (MOPSO)™

AR 37 e 8% Bk 2(NSGA-TT) 15 2 4 Pareto 5
PRRTUY , 43 A A& 3.4 FiR .

ME 2~4 0] DL H NSGA- 11 £ g 5 £ H Az
Ak 1) B8 1) Pareto g O HT I A L 15 A% SCER 3 A] 45 5
e ML MOPSO 5532 it BEOG 1 | B 35 2] /Y Pareto fix
TV 5 0 B A S 7 A 300 1 o O L L
2 B A5 3 0 S5 DA Y AR T R

7E I M-PP 3 il 2 (18) ~ (20) 15 3] 5 FE 4% 5%
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w=[0.083 0.087 0.079 0.050 0.057 0.027
0.051 0.028 0.045 0.045 0.112 0.034
0.106 0.034 0.021 0.037 0.101 ]

MG (25) L (26) 19 38 1F | fRT ScU E 5 V'
AVl 29) RS A E KM kIR
SZEmTRME V. Bn RO AR B AN E K
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Table 3 Comprehensive scores of each scheme
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Figure 2 The Pareto front optimized by IMOPSO algorithm
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s (P PEF) —1.317 0.822 4
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Figure 3 The Pareto front optimized by MOPSO algorithm
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Figire 4 Pareto front optimized by NSGA- 1l algorithm
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Table 4 Scheme ranking values of different evaluation methods

EH% M-PP EW-S GA-S GADS CV-T CMT
Sy 3 2 6 6 2 3
52 8 8 8 7 8 8
S5 10 11 9 10 10 10
Sy 2 3 4 5 3 7
S5 1 5 1 1 4 1
Sg 5 4 5 4 5 5
s7 4 6 2 2 6 4
Sg 7 1 7 9 1 9
Sy 11 10 11 11 11 11
S10 6 7 3 3 7 2
Si1 9 9 10 8 9 6

K A SCHk [ 30148 1 A9 F 1 46 %) 1% 22 (mean
absolute error, MAE) 7 % , X} A SC v 5 HoAlh 5 #
FEIEAT O . Evar R IA R

.
DX, — X

EMA];(X”XAV)ZJ‘ZI (31)
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h 3.056,2.444 . 2.611,2.667 F1 2.722, M-PP (1) F
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L 7 % R A PEAR 7 i M-PP 1 o B M 75 3% 6 R 7
7 AEAE T =

R5 REFEHF EM Eyalh
Table 5 FE\,; values of different evaluation methods
AP T7 15 0 Eyap
REIWIRS

M-PP  EW-S GA-S GAD-S CV-T CMT
M-PP 0.000  3.000  2.000 2.667 2.333 2.333
EW-S 3.000  0.000  4.667 5.000 0.667 5.000
GA-S 2.000  4.667  0.000 1.333 4.000 2.667
GAD-S  2.667 5.000  1.333 0.000 4.667 2.000
CV-T 2.333  0.667  4.000 4.667 0.000 4.333
CM-ET  2.333 5.000  2.667 2.000 4.333 0.000
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Bt 500

Pc.c.—

m

e e,
j=1

m

:: ~ =1
(/Z-IC@-—

i=1 m

2 ” 2
AR C,
s (Sl (e

j=1 (C,,)Z* j=1 (ij)z_

m m

L, GO BRI 3R B PE 5 1) 5 00,0 N
P FP T 50 R T 0 R OR AR OE R EE  C, R
B RPN R A T RV E s m R
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126 7 ] AR SO 48 07 i 5 HA S P o vk 2
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CV-T F1 CM-T % #4853 5 & 0.710.,0.856 ,0.842
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Table 6 Scheme score values from different evaluation methods

ARV T 1 19 5 S8 IP S

P

M-PP  EW-S GA-S GAD-S CV-T CM-T

Sy 0.861  0.426  0.509 0.466 0.391 0.682
S5 0.575  0.310  0.409 0.412 0.309 0.473
S3 0.367  0.227  0.395 0.313 0.203 0.354
Sy 0.977  0.378  0.55 0.499 0.388 0.500
S5 1.000  0.356  0.563 0.546 0.375 0.742
Sg 0.793  0.362  0.524 0.510 0.359 0.610
s7 0.822  0.348  0.56 0.534 0.343 0.661
Sg 0.591 0476  0.454 0.372 0.431 0.470
0.000  0.231  0.308 0.200 0.161 0.039
0.736  0.324  0.551 0.526 0.312 0.726
0422  0.265 0.389 0.383 0.217 0.525

FT RASRMNFH L RBAE A K
Table 7 The Pearson correlation coefficients of different
evaluation methods
AN TRV VTAR I3 755 11 B2 7R ST AH 56 Z2 5
CM'I’[’ CEW'S C(}A'S C(}AI)'S C(‘V'T C('.VI'T

M-PP 1.000  0.665 0.947  0.941  0.838 0.867

WA 7 i

EW-S 0.665 1.000 0.600  0.514  0.952 0.526
GA-S 0.947 0.600 1.000  0.957  0.766 0.865
GAD-S 0.941 0.514 0.957 1.000 0.706 0.932
CV-T 0.838 0.952 0.766  0.706  1.000 0.665
CM-T 0.867 0.526 0.865 0.932  0.665 1.000

B Ji, AR SCR F S 22 0E M AR SO T i 5 HAB 5
i EAN 05 35 BEAT DR RAUE B o B OT A S 22
R %05 45 X 73 [ 5 T A SR KT RE B . Bk
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A LR REURE 50, 58 D ER BT L R
KPR AE 50 o i A [ 28 ) & e K F 1 PR AR
BIE s m R E R SE
ANTF] T3 vk B U ok R TR A R L3R 8

K8 ARF M ERAIBEM
Table 8 The decision sensitivity values of different methods

VT PSR E /o
M-PP 28.53
EW-S 7.53
GA-S 8.33

GAD-S 10.37
CV-T 8.35
CV-T 19.30
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