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Abstract:[ Purposes] Faced with the urgent demands of the “dual carbon” goals, the electricity
industry, as the largest source of carbon emissions in China, is under significant pressure to undergo a
low—carbon energy transition. To address this issue, China initiated the implementation of renewable
energy electricity quotas in 2018. However, owing to disparities in economic development, industrial
structure, and resource endowment among provinces, scientific and reasonable quota allocation is cru-
cial. [Methods] Accordingly, in this paper, a renewable energy power quota allocation mechanism
was proposed. First, an autoregressive integrated moving average model was employed to forecast
the future electricity generation data of each province. Subsequently, the data envelopment analysis
method was applied to maximize the overall proportion of renewable energy electricity generation in

China, thereby exploring feasible quota allocation strategies. [Results] The results of the empirical
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study show that with optimal quota allocation, the proportion of renewable energy electricity genera-

tion in China could increase from 30. 2% to 32% in 2025, while maintaining the total electricity gener-

ation level. [Conclusions] In conclusion, the proposed quota allocation method in this study contrib-

utes to guiding the implementation of China’s renewable energy electricity quota system, thereby sup-

porting the achievement of the “dual carbon” goals.

Keywords: renewable energy; electricity quotas; data envelopment analysis (DEA); autoregressive

integrated moving average (ARIMA); resource allocation
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Table 2 Descriptive statistics of input-output indicators for China’s 31 provincial regions (2007—2022)
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Min 361.00  1697.82 42.00 1.00 0.00 51.00 3.88 0.16 0.12 3.33

Mean  4548.81 32658.55 4020.13 908.61 1194.48 818.06  1719.43 15048  451.74  84.15

20204 Std 3053.97 26 661.81 3034.15 852.85 1915.44 641.16 1410.30 151.59 837.81 66.39
Max  12624.00 110760.94 11135.00 3786.00  7892.00  2272.00 5141.56 726.29  3541.38  210.56

Min 366.00  1902.74 43.00 1.00 0.00 62.00 412 0.14 0.10 4.16

Mean 4 550.32 36 701.40 4185.13 1 060.26 1261.06 988.94 1872.86 211.65 446.33 105.08

20914 Std  3060.91 29972.16  3174.72 916.56  2067.33 82947  1513.61 207.81  863.17  85.26
Max  12684.00 124369.70 11599.00 3996.00  8887.00  3343.00 5281.04 967.21  3724.46  310.45

Min 366.00 2 080.20 43.00 3.00 0.00 63.00 3.48 0.14 0.21 4.83

Mean  4547.58 38821.36 4301.06  1179.48 133571  1266.68 1899.61 246.02  450.73  137.83

B Std 3059.50 3135073 3259.21  1019.90  2203.47  1066.68 1530.16 226.06  895.65  118.67
Max  12657.00 129118.60 11753.00 4568.00  9746.00  4270.00 5254.82 1077.09 3886.56  462.13

Min 364.00  2132.60 43.00 3.00 0.00 69.00 3.19 0.90 0.14 5.56

# 2, “Mean” I H#ME, “Std” MR 2, “Max”
SR fe RAE, “Min” Ry fe/IME . ARG 2, v A

1M 2007 47 5] 2022 4F , o [H 1Y & R HLES =
FR LA SR S b TR 3, £ b XK L A LA
HIE M 2007 459 1 664. 68 J7 kW 1 5] 2022 4E 1Y
4 301.06 J3 kW, K HL & i 2 M9 DA 877. 7142 kWh
B 1899. 6112 kWho KUHL /K HL2EHL 2 &= Y
439 AN 2007 4 149 13. 55 75 kW 478,10 J7 kW 34 K

F] 202245191 179. 48 7T kW .1 335. 71 J1 kW, XUHd, |
TR R LR 2 B 1. 8442 kWh 152, 04412 kWh
14K 3] 246. 0212 kWh ., 450. 7342 kWh, K BH g
PLZS B H M 2012 4E 19 11. 00 J7 kW 14 K 3] 2022
AERY 1 266. 68 7T kW, K HLEIMEM 1. 1542 kWh
K3 137. 8342 kWh.,

2) P P BE R G LA B Ak A N b R
o 2007 4%, n] FAE AR IR & B OKHL XU R B AED
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Fig.1 Forecast data for population (2023—2027)
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Fig.2 Forecast data for GDP (2023—2027)
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Fig.9 Forecast data for installed thermal power capacity
(2023—2027)
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Fig.10 Forecast data for thermal power generation
(2023—2027)
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Table 3 Allocation of renewable energy generation quotas for each province by 2027(8 = 1)
R T S v o i e L T
/1 kWh 1. kWh {2 kWh 1 KWh Bk AT AR AR

Jbmt 29.740 29.740 517.093 517.093 0.054 0.054 0.000
PNEH 75.472 75.472 821.293 821.293 0.084 0.084 0.000
(el 2135.839 2 135.839 2794.448 2794.448 0.433 0.433 0.000
1Ly 899.435 899.435 4 334.321 4 334.321 0.172 0.172 0.000

SEan 1 .840.065 1.840.065 6 406.093 6 406.093 0.223 0.223 0.000
Ly 481.639 598.000 1332.231 1332.231 0.266 0.310 0.044
Ak 391.591 391.591 657.682 657.682 0.373 0.373 0.000

MBI 488.538 488.538 943.907 943.907 0.341 0.341 0.000
it 45.041 45.041 860.134 860.134 0.050 0.050 0.000
A 1078.247 1078.247 5433.920 5433.920 0.166 0.166 0.000
WL 1033.531 1033.531 3508.920 3508.920 0.228 0.228 0.000
g 580.465 580.465 3 588.387 3 588.387 0.139 0.139 0.000
bicye:s 1038.488 1038.488 1601.130 1601.130 0.393 0.393 0.000
LG 560.133 628.807 1622.240 1622.240 0.257 0.279 0.023
% 1423.422 1423.422 5925.093 5925.093 0.194 0.194 0.000
O] 890.544 1204.044 3035.560 3 035.560 0.227 0.284 0.057
W 1 822.520 2197.430 1 808.404 1 808.404 0.502 0.549 0.047
] 1006.344 1044.509 1027.430 1027.430 0.495 0.504 0.009
IR 1278.094 1278.094 5239.893 5239.893 0.196 0.196 0.000
I 1024.581 1241.010 1334.053 1334.053 0.434 0.482 0.048
jiaase] 43.800 43.800 293.373 293.373 0.130 0.130 0.000
CIV/S 312.394 312.394 910.867 910.867 0.255 0.255 0.000
pu i 5147.780 5147.780 396.923 396.923 0.928 0.928 0.000
S 943.398 943.398 1636.712 1636.712 0.366 0.366 0.000
=M 4 428.171 4428.171 418.513 418.513 0.914 0.914 0.000
v 55 189.934 189.934 2.792 2.792 0.986 0.986 0.000
(St} 756.597 756.597 2997.507 2997.507 0.202 0.202 0.000
Tl 1105.827 1105.827 1260.373 1260.373 0.467 0.467 0.000
i 1140.991 1140.991 124.953 124.953 0.901 0.901 0.000
TH 732.089 732.089 2 149.880 2 149.880 0.254 0.254 0.000
i 1663.777 1663.777 4 513.454 4513.454 0.269 0.269 0.000

A PR A REVR & N 1 636. 71242 kWhig /b &= K.
1309. 37042 kWh.,
3 ZRE

X p=0.8.4=0.9 Hl p=1 =Fh A [F] it &
oL, mE 1 R, T4 e=0.8Mg=0.95f,
A DI 4548 B0 1 AS 0] A BB TR & rl R AL
Sl FEA RETR K B, ot B = LY 34. 609 2
T+ = 0. 9B} 9 35. 30% , M #E 3= 0. 8 i} B & i
— T E35.51%. Hp=1MHEHML,p=
0. 9 B 4% A~ X sk B4 e 451 th & 28 T M A9 A8 4, Hod
YEVE GBAG TP T RE Y O AR G T — 2 B e T
T g RN T AT T BRI .k b 2E A 2 )T i G
2, AR AR T AR BB VR K H L R B R

A EE AR R YR A S 2 BLRR PR H AR 0 OC B A
o Al G A AT PR AR RE R R T O AR R A M T
) T [ E IR 454 1) 2 (O AR B e B, R T, ) o 4 B
b T5C A5 3B DX % n] P A BE TR R ) IE A, S 1 A R
S A R 2 B 3R L AT Mk BAR R
B HAR B9 290G 3K, AR SCBe 17— DL A a)
AR A T FC B > BOMLR . B, 51T )y
T, 38 5 ARTMA B X 5 i) AT 544 RE 5% i
(14 5 H 45 B 2R A7 U, O oK R BC A o) e BEE T 2
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Table 4  Allocation of renewable energy generation quotas for each province by 2027(8= 0. 9)

g TR %%’i&% e W T ﬁgf{)’f;g g ot T C—
Kt/ kWh i i L /A2 kWh piiey VR AU b
Jbmt 29.740 29.740 517.093 465.384 0.054 0.060 0.006
Kt 75.472 75.472 821.293 821.293 0.084 0.084 0.000
el 2 135.839 2135.839 2794.448 2794.448 0.433 0.433 0.000
17y 899.435 1007.075 4 334.321 3 900.889 0.172 0.205 0.033
NS 1 840.065 1 840.065 6 406.093 6 406.093 0.223 0.223 0.000
i 481.639 598.000 1332.231 1 879.890 0.266 0.241 -0.024
Ak 391.591 391.591 657.682 657.682 0.373 0.373 0.000
YT 488.538 488.538 943.907 943.907 0.341 0.341 0.000
ity 45.041 45.041 860.134 860.134 0.050 0.050 0.000
VLI 1078.247 1095.245 5433.920 4 890.528 0.166 0.183 0.017
#ivL 1033.531 1033.531 3 508.920 3 508.920 0.228 0.228 0.000
R 580.465 604.106 3 588.387 3 229.548 0.139 0.158 0.018
faad 1 038.488 1 038.488 1601.130 1601.130 0.393 0.393 0.000
banit 560.133 659.293 1622.240 1460.016 0.257 0.311 0.054
178 1423.422 1423.422 5925.093 5925.093 0.194 0.194 0.000
i) 890.544 1217.184 3 035.560 2 879.797 0.227 0.297 0.070
B[ 1822.520 2 215.503 1 808.404 1627.563 0.502 0.576 0.075
i 1006.344 1045.017 1027.430 1457.357 0.495 0.418 -0.077
&K 1278.094 1278.094 5239.893 5239.893 0.196 0.196 0.000
i) 1024.581 1251.265 1 334.053 1278.351 0.434 0.495 0.060
Eaea] 43.800 43.800 293.373 293.373 0.130 0.130 0.000
R 312.394 312.394 910.867 910.867 0.255 0.255 0.000
pu i 5147.780 5147.780 396.923 396.923 0.928 0.928 0.000
S 943.398 1047.858 1636.712 1473.041 0.366 0.416 0.050
payta) 4428.171 4428.171 418.513 376.662 0.914 0.922 0.008
VY i 189.934 189.934 2.792 2.513 0.986 0.987 0.001
[ v 756.597 785.722 2 997.507 2 697.756 0.202 0.226 0.024
Hk 1105.827 1105.827 1260.373 1260.373 0.467 0.467 0.000
I 1140.991 1140.991 124.953 112.458 0.901 0.910 0.009
THE 732.089 732.089 2 149.880 2 149.880 0.254 0.254 0.000
i 1663.777 1663.777 4513.454 4 513.454 0.269 0.269 0.000
1.0 filh, B T ECE T BC AR REYE . R T DEA K
o VR T LSRR R AT B UK v H
%gig:zggg FREYIEAEAL Y . AR SCLEG % IR 2 Y E A = i 35
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Fig.11 Changes in renewable energy generation quotas allocation

for each provincial region by 2027
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Table 5  Allocation of renewable energy generation quotas for each province by 2027 (3= 0. 8)

4 i] fE AT e 4 i] N i N
n BT e g o T EPERE BN RTRERE SRS R e pepRama
B /A2 KWh W&/ PE K W/ RE VR & Hi ot/ T B Jic A5 45 1L
- 12.kWh 12.kWh {2.kWh - voOHER s
b 29.740 29.740 517.093 517.093 0.054 0.054 0.000
Kot 75.472 75.472 821.293 821.293 0.084 0.084 0.000
R4 2135.839 2135.839 2794.448 2794448 0.433 0.433 0.000
i 899.435 1 045.780 4334.321 3745.037 0.172 0.218 0.046
SE+n 1 840.065 1 840.065 6 406.093 6 406.093 0.223 0.223 0.000
L 481.639 597.998 1332.231 1879.914 0.266 0.241 -0.024
& 391.591 391.591 657.682 657.682 0.373 0.373 0.000
ST 488.538 488.538 943.907 943.907 0.341 0.341 0.000
R 45.041 45,041 860.134 860.134 0.050 0.050 0.000
I 1078.247 1078.247 5433.920 5433.920 0.166 0.166 0.000
WL 1033.531 1033.531 3508.920 3508.920 0.228 0.228 0.000
TR 580.465 615.965 3588.387 3049.545 0.139 0.168 0.029
gk 1038.488 1038.488 1601.130 1601.130 0.393 0.393 0.000
TR 560.133 673.514 1622.240 1384.453 0.257 0.327 0.071
W% 1423.422 1423.422 5925.093 5925.093 0.194 0.194 0.000
T 890.544 1217.184 3035.560 2879.797 0.227 0.297 0.070
WL 1822.520 2212.729 1 808.404 1 656.486 0.502 0.572 0.070
ilE] 1006.344 1045.017 1027.430 1474.927 0.495 0.415 -0.080
IR 1278.094 1278.094 5239.893 5239.893 0.196 0.196 0.000
I 1024.581 1251.265 1334.053 1278.351 0.434 0.495 0.060
15 43.800 43.800 293.373 293.373 0.130 0.130 0.000
EN/S 312.394 312.394 910.867 910.867 0.255 0.255 0.000
b Ji| 5147.780 5147.780 396.923 396.923 0.928 0.928 0.000
M 943.398 1152318 1636.712 1309.370 0.366 0.468 0.102
= 4428.171 4428.171 418.513 418.513 0.914 0.914 0.000
P 75 189.934 189.934 2.792 2.792 0.986 0.986 0.000
[Sq 756.597 814.847 2997.507 2 398.005 0.202 0.254 0.052
Hifr 1 105.827 1105.827 1260.373 1260.373 0.467 0.467 0.000
it 1140.991 1 140.991 124.953 124.953 0.901 0.901 0.000
TH 732.089 732.089 2149.880 2149.880 0.254 0.254 0.000
i 1663.777 1663.777 4513.454 4513.454 0.269 0.269 0.000
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