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Abstract: Based on the principle and method of system dynamics, Vensim-PLE software is used to establish
and simulate the model of energy consumption and carbon emissions in Hunan Province. With five scenarios set up,
a dynamic simulation has been made of the evolution trend of energy consumption and carbon emissions in Hunan
Province from 2017 to 2030, so as to explore the impact of the rapid economic development, improvement of energy
structure and optimization of industrial structure on energy and carbon emissions in Hunan Province in the future.
The results show that, according to the current development trend, the total amount of energy consumption and
carbon emissions in Hunan Province will continue to grow year by year. By the year 2030, the total amount of energy

consumption and carbon emissions in Hunan Province will reach to 14 174.4 x 10" t, which is about 1.47 times of that
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amount in 2017. The rapid economic development has a significant impact on the increase of energy consumption and

carbon emissions in Hunan Province, with the reduction of coal energy consumption and adjustment of the transition from

the secondary industry to the tertiary industry to effectively reduce energy consumption and carbon emissions in Hunan

Province. Under the five scenarios of initial natural growth, rapid economic development, energy structure adjustment,

industrial structure adjustment, comprehensive regulation and adjustment, carbon emissions will increase by 47.3%,
57.7%, 40.4%, 27.7% and 21.9% respectively by 2030, compared with statistics in 2017. According to the statistics of

energy consumption and carbon emissions simulated by the five scenarios, the industrial structure adjustment scheme will

reach its peak in 2029 and the comprehensive regulation and adjustment scheme will reach its peak in 2027.
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Table 1 Statistics of energy consumption and carbon emissions in Hunan province from 2010 to 2016 10*t
AEDY W S Jiih I S eSSl FRRHIN KR WAEUE A
2010 6113.91 904.62 491.66 213.79 25.43 433.95 66.46 70.83 8320.65
2011 7022.32 707.34 640.96 240.42 26.93 484.63 60.95 91.45 9274.99
2012 6524.63 890.45 774.81 316.92 29.61 432.77 54.10 112.02 9135.33
2013 6 060.19 893.52 792.00 354.11 32.66 488.59 60.36 122.01 8803.43
2014 5 885.07 864.01 670.25 372.23 34.79 516.93 59.85 145.47 8 548.60
2015 6016.15 951.02 735.04 419.37 43.52 592.36 82.00 158.07 8997.51
2016 6178.81 797.74 704.19 469.16 46.61 615.11 83.10 168.85 9063.59
2017 6 695.23 787.00 644.38 523.17 51.08 548.84 82.70 156.45 9 488.85
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Fig. 1 Energy consumption and carbon emissions

causal loop diagram
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Table 2 Historical test results of main variables of energy consumption and carbon emissions in Hunan Province from 2010 to 2017

i — — GDP I __ i ﬁﬁﬁ(éﬁfé% _ _ ﬁijf‘ﬁffﬁifé'\%A _
FEBRE / (10° 70 ) P EAE / (10° 50 ) R /%  SEBefi/ (10°0) 5 IL(E / (10%) 1R2E3 /% SChrfi/(10%) i FAE /(10%) 2252 /%

2010 16 153.3 16 153.2 0.00 14 880.1 14 862.6 -0.12 8320.65 8803.9 5.81
2011 19816.6 18 511.6 -6.59 16 160.9 16129.3 -0.20 9274.99 97392 5.00
2012 223383 20 881.0 -6.52 16 744.1 15987.9 -4.52 9135.33 9285.8 1.65
2013 24 834.7 23 240.6 -6.42 14918.5 15325.6 2.73 8 803.43 9510.0 8.03
2014 27281.8 25587.9 -6.21 15316.8 14729.7 -3.83 8 548.60 8715.7 1.95
2015 291722 28018.8 -3.95 15 468.6 152348 -1.51 8997.51 92165 2.43
2016 31551.4 30 400.4 -3.65 15 804.0 15 532.0 -1.72 9 063.59 9251.4 2.07
2017 34 590.6 32832.4 -5.08 16171.2 16 152.6 -0.12 9 488.85 9621.0 1.39
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Fig. 3 Sensitivity analysis of dynamic model parameters of
energy consumption and carbon emissions
system in Hunan Province
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Table 4 Scenario simulation results under five scenarios

. RETRIIRE AR /(10%) TR /(10

Jr%— E E ESL LESD i — T E = Jr % UE S
2017 16 152.6 16 152.6 16 152.6 16 152.6 16 152.6 9621.0 9621.0 9621.0 9621.0 9621.0
2018 16 835.0 16 851.8 16 835.0 16 612.9 16 835.0 10 027.5 10 037.5 9920.7 9895.2 9960.3
2019 17 455.9 17 503.4 17 455.9 17 054.9 17 455.9 10397.3 10 425.6 102552 10 158.5 10292.8
2020 18 006.2 18 139.1 18 006.2 17 399.6 18 006.2 10 725.1 10 804.2 10 546.1 10363.8 10 581.4
2021 18 790.6 19012.2 18 790.6 18 052.7 18 656.3 111923 113243 10971.7 10 752.8 10 926.2
2022 19 545.1 19 860.4 19 545.1 18 653.5 19 263.5 11 641.7 11 829.5 11377.1 11110.6 11243.4
2023 20263.0 206734  20263.0 19192.7 19815.2 12 069.3 12313.8 11758.5 114318 115258
2024 209253 213725 209253 196619  20297.0 12 463.8 12 730.2 12 105.2 117113 11 765.6
2025 214825 219853 214825 200533 206928 12 795.7 13 095.2 12 388.9 119443 11953.7
2026 219769 224587 219769  20359.6 209845 13 090.1 133772 12 634.4 12 126.4 12 080.3
2027 22366.8 230268 223668 205745 211517 133224 13 7155 128183 122548 12 134.4
2028 227265  23773.8 227265  20693.1 21171.8 13 536.7 14 160.5 12 983.6 123259 12 103.7
2029 232603 244142 232603 207114 210196 13 854.6 14 541.9 13 246.7 12 336.4 11974.8
2030 23797.6 254676 237976 206274 206672 14174.6 15169.3 13 509.9 12 286.4 11732.8

MEE B, 3X 5 FP 5 SRR IR T AERRHE 4
KB, K 4 FE S s, Hi,

B R REERIEIR AN D2 ARRIET, %
PRSP AR AR AP R SR H U TR, L RRIR
THAEM T M 2017 419 16 152.6 x 10° t 4K 5] 2030 4F
)23 797.6 x 10* t, BEHEICE M 2017 5249 9 621.0 x

10°* t H4-K 5] 2030 4E 1 14 174.6 x 10° t, B HEHC 4R
IR 3.03%

T %8 TR A A U R DEUR TR, 2030 4EAYHE
TRTHFE LR A 25 467.6 x 10" t, 4AFHHERK A 3.57%;
BRHERCEE N 15 169.3 x 10* ¢, AEHI K KM h 3.57%.

7 % =5 R IR S IR RS BRI HER0 , L X
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A I W R A RE R 5 AL IR R Al o G B D 5 e, A
351 2030 4 A RE VR I AE RN 23 797.6x 10* £, 4F
PIrh %0 3.03%; BRHERCE Y 13 509.9 x 10° ¢, 4
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Fig. 5 Simulation results of net carbon emissions under

different scenarios in Hunan Province
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