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Generatlon Industry Under TWO Mo"des in China
LIU Gﬁun ltng, LU Jlan wi* ZHAO Wen-chang, XU ang, JIN) Yu-jia

(Hebe} Key [ﬂboraton of Power Plant Flue Gas Multi-Polldtants Control Deparﬁ'r-lent of Environmental Science and Engineering, North China Electric Power University,
Baoding 071003, China)

i

Abstract: Tn order to study the impact of the “carbon peak and neutrality” mode on future power generation and the environment in China, a Verhulst gray model was
established to predict the development of the power generation industry from 2021 to 2060 under the non-“ carbon peak and neutrality” mode. In addition, based on the “China
2030 Energy and Power Development Planning Research and 2060 Outlook Report,” the development of the power generation industry from 2021 to 2060 under the “carbon
peak and neutrality” mode was obtained, and the development scenarios of the future power generation industry in China under two models were compared and studied. The
emission factors and emission reduction factors of CO,, SO,, NO_, PM, PM,;, and PM, s were constructed through the conservation of elements and the generating
performance standard, and then four environmental benefits A, -A, were defined. The results showed that the installed capacity of thermal power will reach the carbon peak in
2026 under the “carbon peak and neutrality” mode. To achieve the carbon neutralization, the installed capacity of thermal power will be reduced by an average of 28 million
kilowatts per year after 2026, and the installed capacity of renewable energy generated is required to increase hy 154 million kilowatts per year after 2020. Compared with that
in the non-“ carhon peak and neutrality” mode, the installed capacity of thermal power generation will be greatly reduced, and the installed capacity of renewable energy power
generation will be greatly increased under the “carbon peak and neutrality” mode, resulting in huge A, and A, environmental benefits. In the next four decades, the
cumulative emission reductions in C0, , SO, , NO,, PM, PM,,, and PM,  thermal power generation A, are predicted to he 6. 64 x10'° tons, 1. 54 x 107 tons, 1. 55 x 107
tons, 3. 18 x10° tons, 1.71 x10°tons, and 2.23 x 10 tons, respectively. The cumulative emission reductions of renewable energy power generation A, will be 5. 77 x 10"°
tons, 1.64 x107 tons, 1.42 x 107 tons, 2. 86 x 10° tons, 1. 54 x 10° tons, and 2 x 10° t tons, respectively. Under the " carbon peak and neutrality" mode, compared with
those from coal-fired power generation, the environmental benefits A, and A, produced by the relative cleanliness of renewable energy and nuclear power indicated that the
cumulative emission reductions (A, +4, ) in clean energy power generation of CO, , SO, , NO_, PM, PM,,, and PM, , in the next four decades will be 3.014 x 10" tons,
7.292 x107 tons, 7. 119 x 107 tons, 1.454 x 107 tons, 7. 827 x 10°tons, and 1. 018 x 10° tons, respectively.

Key words: thermal power generation; renewable energy power generation; carbon peak; carbon neutralization; environmental benefits
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Table 1 Interpolation method for installed capacity

of different power generation modes
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/ Table 2 Industrial analysis and ultimate analysis of coal samples
% K5y, % HERIY/ % CEoR/% H &8/ % 0 it/ % N /% S Eri/ %
TCHRIHE 1 5.01 7.33 89.07 3.53 1.49 0. 69 0.20
TCHRSHE 2 4.65 13.35 86. 63 4.15 1.90 1.07 1.61
R 1 5.36 29. 69 82. 88 4.85 3.72 1.13 2.07
e AR 2 8.52 23.42 81.00 4.57 3.14 0.97 1. 80
TEHAHE 1 7.12 36. 09 78.32 5.12 8.19 0.97 0.29
RS 2 6.68 30. 87 79.28 4.92 6.03 1.33 1.75
TR 8.71 35.90 67. 66 4.71 15. 88 1.13 1.92
I 2 5.58 40. 84 69. 74 5.19 17.22 1.19 1.08
O 29. 41 29. 80 78. 82 4.58 15.26 1.35 4.65
i ) 22.78 38. 86 79. 60 5.30 13.78 1.32 1. 64
SEIME 10. 38 28.62 79. 30 4.69 8. 66 1.12 1.70
£3 EYMERHERILSHMTESH
Table 3 Industrial analysis and ultimate analysis of biomass samples
T H K5/ % K3/ % YER Y/ % CEHE/% H & 5/% N & it/ % S &t/ %
FORFEFF 6.10 4.70 76. 00 49. 30 6.00 0.70 0.11
e SRR AT 4.71 8.91 68.90 48.63 6.09 0.36 0.01
FRAEFRSFT 6.78 3.97 68. 54 49. 80 5.70 0. 69 0.22
FFEHF 4.39 8.90 67.36 49. 60 6.20 0.61 0.07
i 3.61 12.20 67. 80 48.30 5.30 0.81 0. 09
5P/ ST 4.87 5.93 71.95 47.20 6. 00 0.48 0.01
L7EN 6.70 1.50 80. 30 51. 60 6. 00 0. 60 0.02
MIA 3.50 1. 60 78. 00 49. 50 5.90 0.42 0.04
XA 5.08 5.96 72.36 49.24 5.90 0.58 0.07
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HAHLMREE IR 2015 1% ~ 10% , BEZ 433 N
8.5% . Mz (4) AMEIED

Ecco, = Eco, x (1 =8.5%) =3385.5C" (5)
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HLIIRHE 0 R, A2 o HE B D HE KL 1R R,
TR IR . KO3 & . KBABE A& % ) &
EIA ST Y AT A
Ry, = E. (12)
Ry = E. - E, (13)
ARSC—FRE ST 4 FORBERLRE I A, | A,
Ay FUA, RN, TP R A5 A% 45 02 T B B
A E | K HL B 2 7E 2030 AFRTRIEZ JE R T
W |5 5 RE TROKE 2 R T 2 AR . 0ok & S5
R B A KL e HE A Tl < XL
fe R B LTS e HE R, e B AR SR
TS YR R E SO A, VB XU BT
(AT A BB UR & H ok R T e A ek o v TR W
B BT B9 AT AR BB TR & H O R VS e W i HE
F = A 1475 e WD 0sHE B RO SR A, S5 PP IR
B 45 48 AR T P AR BE TR & H IR FE AR T K FLAE T
AERARHER (ULE) bR EAAE T XF €O, SO, NO, .
PM . PM 1 PM, (477 50 et 435052 XA,
Ay A~ A, B RIT PR
A, = 3B WU R AT SRt x

B AT I A b s )

Ay =5 AU WIS AT A REUR K LD A
Ry AR B R o R E R A

IR [V (15) |
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1£ 2030 ~2050 4R FLHLK BT T 2050 4F i 1z
2%, 5] 2060, 3 I T A fi U el e L ik
72, 442 KW AR XU R 2. 17 A%, 7 XU
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Table 4  Simulation error and prediction error of Verhulst gray model

A ); AL Virhulil 7)?@ XTI 22 ﬁﬁ%ﬁﬁ?ﬁ?ﬁ% Virhulil m@ XS R 22
PR/ KW MR HE /% BT/ kW PR E /%
2010 7.07 —b — 2. 609 — —
2011 7.65 7.632 0.24 2. 800 2.998 7.07
2012 8.20 8.199 0. 00 3.225 3.438 6. 61
2013 8.62 8.769 1.72 3.850 3.935 2.21
2014 9.16 9.333 1.89 4.367 4.493 2.88
2015 9.90 9. 888 0.13 5.022 5.116 1.88
2016 10. 54 10. 428 1.06 5.703 5.809 1.85
2017 11.06 10. 949 1.00 6. 498 6.573 1.16
2018 11. 44 11. 448 0.07 7.278 7.411 1.83
2019 11.91 11.922 0.10 7.925 8.326 5.03
2020 12.45 12. 368 0. 66 9.335 9.308 0.29
BEHLR 2/ % — — 0.76 — — 3.19
MR/ % — — 0.38 — — 2.66
1) “—" FoRA SR A B
5 MIRE T L B RN B AR R I AAILES T MG 7 B SR HUAS A R 2R ALY

FZ ,Pearson ZREARTE 0.9 VL b, B T4 Fh &
KA EEHLZS B AR HL B 5w IE A G &, AT LUl
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3 2021 ~2060 4F“ XWUHk ™ #E T 3 [H &Pk
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Fig. 2 Comparison of installed capacity of thermal power and renewable energy in China under two modes from 2021 to 2060
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Table 5 Relationship between installed capacity and power generation of various power generation types

I HL R A Pearson 224X
KH, y =14 905. 597 48 +2 902. 219 52« 0.939 71
(AN y= —14.353 02 +6 847. 388 19x 0. 986 61
TR y= —1880.678 51 +4 108. 816 28« 0.991 50
AU, y= —198.407 65 +1 867. 322 55x 0.983 47

KA % y = —74.53545 +1049. 559 88x 0.991 62
Gy A y=74.37322 +4388. 170 3x 0.983 47
AR IR & y=2672.923 92 +2 180. 689 63x 0. 994 09

1)y FoR B, BAUNKW h, « FRBFHLA L, 00N kW

2.2 PR 2021 ~2060 4E 0 E & AT IR
L&
6 SEARYE 1.3 A9 A9 TS G B HE A

FHUEHEN . #% 2 2017 4B, R B s Eh %t 5.9
12, kW BT B HLZH SEAT T B AR HE A i3 |, $E 78
FRSE T B H AR . R AR SC T 2018 4F FT 2019
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M13.62%, 2019 4E CO, . SO, NO, 1 PM HEjl 25
HUAE KF 5% 22 4> 9 & 1.44% . 2.81% ., 0.73% HI
4.92% , A 15 G B RR 25 455 I 7E 5% LAY,

%6 CO,, SO,. NO,. PM, PM,, 1 PM,  HIHER B FFiR HEE F

Table 6 Emission factors and emission reduction factors of CO,, SO, ,

NO,, PM, PM,,, and PM, ,

IiH S0, NO, PM Co, PM, PM,,
E 0. 621 545 0. 626 630 0. 128 493 2684.7020 0. 008 995 0. 069 189
Ey 0. 000 499 0.328 068 0.073 810 1821.9260 0. 005 167 0.039 744
R, 0.621 545 0. 626 630 0. 128 493 2684.7020 0. 008 995 0. 069 189
Ry 0. 621 047 0.298 563 0. 054 682 862.7753 0. 003 828 0. 029 445

Bl S 2PN 19 K R - BEALES (A,)
FURTFEAE B UR & LIRS0 25 (A,) . A, Bl ]R3 22
B, £ T5 YW i Anfb R AR HL R T, R
TR K & L HERCER Y 25 8 DL S O =X
WL R, A, T 2021 ~ 2026 4E9%6 FFE, R 5 T
2027 ~2060 FARK AL TP | A1 K
18 3K, R 3z T« S L. 2021 ~ 2032
4, CO,. NO,, PM, PM,, Hl PM, , i A, Jgfifi, 3
BT A3 B Ao ) LA e ™ A5 R T A R TR R
P A T g T U ™ A5 2R AT P AR R YR ek HE

1, 2032 S, < BT A] AR BRI R HL TS Y
Pl HE B 220U BRG] R RE VR A 4 A
FHAIST BRI B4 T 115 4 FF GRS ] b sfe e I . A, A
A, 11, CO, ., SO, F NO, J2& Fr A 15 4L 4 v HF &2 i
210 3 Fiis Ly, X o st B R A Ak H A PR TR
TH T RE IR 9 KT T &R P 2 DR B 2 it 3 | F
SEPLCORUR” BAR, i A U EARRR T | Gk I 2
AT b JZ 10 B BRI LAAR, 2021 ~ 2060 4F3X 40
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Fig. 5 Environmental benefits of thermal power generation (A, ) and renewable energy power generation (4, ) under two modes
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