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M PERG, NSRRI TAEREA T RS %

2 Bk
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IPCC (BUFIRIAMAE LI IR S) EREE S s m it ARk 5E IR CO.HE
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COHEli . Kaya i fefifidix — e R itk A=, B

COHEM = AT x AXE R BA x B A P (EREFE x H07 REFEHERL (1)

S N\PCC IR IR F45 FH T i i HE A G 5 B R R RSO e Kaya i
LRl b, GBI MR T A RE TR AR | N BEAE S — YR BB R AE M) A0 5 BUR |
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TERIGET R R, N Schafer SEit 1 2B HIX B2 BF MIREIREE , Aol . Tkl
55 b =7 M {EL B HE R DA R 2 s RE IR AR Hh s BOAR S | ARl . T AR S5k Y LU
A GDP Z [AJ A7 A . F AR R R . ARSCAEX BERF T (26t L, 8 73 o K A
() 7 s 2 T BB IR EE E— 20 R B, J0 i 1 2 mBE P IHAEDR BE | ZeumBE IR IHAE S —IKAE
URIH B A SRR | REVRZE S5 5 A2 GDP Z A JMAE RIFMIGEit k& (kD). W
I, A zedh Kaya 20 A TR A MR, ATLAMAE) GDP AL %, FIHA R FRlal B SE T
KA, St HAHRIACE B 73l AR IRH e DL — R RE G AE B, FHARIE RETR
SRR — UCRE IR FE B vh AL ALY LB L K o 1 S 3R CO AR
®1 AEREGSRTENSHLRER

Tab. 1 Parameterized functions of variables in the emission model

AR R T B IX A PR AOC R il RE T 258k
H—r=l Lt GDP, ESEN y=1-Gp~0.886/(619"0.886+Gp"0.886) 0.924
5 =77\ L& GDP; o y=Arctan(Gpx1.83E-4)x0.814/(Pi/2) 0.685
folr BEFESR I EL rp AT & SRR E R y=(0.0033+0.0207xGp)"(-1/1.23) 0.974
AV REFESR S ELL AERHAb b X y=4.41x(1+Gp)"(-0.209) 0.728
TP REFESRE EL M. B RRIE L RPER  y=49.1x(1+Gp)"(-0.286) 0.862
TV REFETRSE EL SRR A b IX y=(6.22E-5+6.13E-4xGp)"(-1/1.38) 0.952
JIR 55 i REFESH FE El WRCHH FEI 5% B Pl 2 JEe v [ y=44.8x(1+Gp)™(~0.436) 0.510
1255l REFESR I El Hopth % b E y=1/(33.0xGp~(1.00175-1)-32.8) 0.554
JIR 55l FEAERR FE Els T kB E K y=935x(1+Gp)*(-1.17) 0.953
Jo B A T BRI ELL SN y=1/(0.00656xGp"(1.73-1)-0.00186) 0.933
FHABZE S REFETR FE Els 4ER y=1/(0.242xGp"(1.39-1)-0.0974) 0.656
ZuAERE AR L El, 2Rk y=0.126-0.126/(1+(Gp/4.64)"0.944) 0.596
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Fig. 1 Overview of the emission model
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Fig. 3 CO. emissions from fuel combustion of extending and planning scenarios with comparison to INDCs
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F2 HE. R, EEFENER INDCs (k- FaelRHER A )
Tab. 2 Energy and emissions related INDCs of China, EU, US and India

[ K1 A 2020 4F Hiw 20304F Hiw
LRl P37 GDP TR EE FE 2005 4F F [ 40%~45% 7 GDP B FE H 2005 4F T [ 60%~65%
FEAb A RER He 1345 2 15% AEAb AT fEVR L1935 21 200%
@] HEfi i He 1990 4E R % 20%~30% Heloi: 25 /0 1L 1990 4F F % 40%
KM HEpl it L 2005 4F R 17% Hiit i HE 2005 4R % 2696~28%
EJE Hfii GDP HERCR: 1L 2005 4F F [ 20%~25% 207 GDP Hl R X 2005 4F F [ 33%~35%

FEAEATRENR ™ HE A AL 1) 40%

x3 HE. KE, £EH. HERXNES. EEHEST COHAMEML CO,)
i R iR £S5 Bl S INDCs R {E AT L &2

Tab. 3 CO; emissions of extending and planning scenarios and median of INDCs for China, EU, US and India

mEg AT S COMERt SELEN 5 CO A AE INDCs H1{H TSN 5 INDCs
M 20204F  2025/20304F 20204 2025/20304F  20204F  2025/20304F 20204  2025/20304F
HiE 104784167 112774643 10981167  13384x643 10508 11622 473 1762
B 3111%47  2529+181 327547 3200£181 3018 2414 257 786
JE 5074149 4818124 5319+49 5379124 4706 4370 613 1053
EljE 2614£131 39074507 2790131  4622+507 2420 3827 370 795

3 ZR5HE

31 EXFEEFRHIKFR CO.HmE R ES INDCs B = BE
311 E  PEEESE R FRRMLEE (B3a) /R, KK 2044448 CO.HEKL
st 2 5] 2020 AEHER A 109814167 Mt CO,, HL{ii GDP i Jif Lt 2005 4F T [
39.9+0.9%, —IKAEVRTHAEPAEILATBETR A kb 13.5£0.7%, F%4T 2020 4+ [E] INDC B9 ¢ fik
B3R, A3 2030 4EHE R A 133844643 Mt CO,, HL{ii GDP fif¢ 3 Jif Lt 2005 4F- T f4 57.4+
2.0%, —IKBEVEISFEPARILABETE 5 1 19.842.5%, 2040 434 | HEI4(H 14134+906 Mt
CO.Z JaZete TR, IO Rr R APt & A A =CUAR v] REAS JE LAk 31 2030 4%+ [H
INDC F#: A% H AR o

7 2009 4E ARG MR S K205, AR 4K S 45 91 520 1T — 28 50 sk vl HE G BUR
i, EEAR. O (GEFELREMATshTR (2014-2020) ) #ik %] 2020 4F— R GE TR TH
PRI AL R A A, H RARA L F IR 2 10% DA I, il 9% b B 45 il 78
62% LI, HHBEPLAEEIAE]58 GW, H ALK ZEHLA R 350 GW 247, KU 2EHLiAE]
200 GW, JEREEHLILF] 100 GW A2 A7, HIFAAE A HLAR K 5] 5000 J7 thriEHE; @ ([
FAGUR R O T 87 AT B AR RV T & R H AR T [ S B A FE S L) AR 2] 2020 4FFR &1
HAEAE A REIRAE = Al Ah, 45 & FL AL AR /K H o] FAR IR & R Rk 31 43 % FEL 1Y) 9%
DL EAERY BRIE S (B 3a) BT 3k 48 H AR5 F 58 i LG 415 BOR 2R E O
TALARETR COHER MRk, HAfR-5E A INDC IIRAK H bR, Haikse s Br, Horh ek
i E] Y 5 2020 4F HECE & 104784167 Mt CO,, Hi{; GDP B i JiF L 2005 4E F [% 42.7+
0.9%, —KAEVEINAETARML A REVR (5 1 16.1£0.7%;  F] 2030 4F HEjif i ik 3 11277+
643 Mt CO,, Hifi; GDP 58 [b 2005 4F T [% 63.6+2.0%, —IKAEIEIHAEHIEIL A REIR &5
L.24.7£2.5%, ZJEHEROKEHGE FRE . 23| b E AR A sh e Emsg 5 iy, hitt
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— M HER RS O, RA ML SE B 2 1Y INDC H s .
3.1.2 BREE  19904FLISKER Ak A RETR CO, HEfL B S B0 e sl F IR A#a, SELLTF 5 T RK
BH AR SRR SRR B R R (E3b), #2020 4 HEI il 3275447 Mt CO,, 11990 4F
W/ 18.641.2%, %] 2030 4FHE iR Ay 32004181 Mt CO,, [ 1990 4Fyi/L> 20.5+4.5%, A
AEIS E I INDC Feflk HAw o B X I8HER) FZBOR TG . O (2020 S FBEIE —4E
THRT) BRI E] 2020 4F-RERL R 5 20%,  RTFRAE BEVR L 22 /0 5 20%6%7; ) (2030 < M FikE
JRHEZR) FLKIE] 2030 4ERERLHE 1 27%, Al FAERETR LB 2= /05 27%, Horp e 381 )75k
F| 45%5F , GiARIX L HARRE AR A, RIS 5 (&13b) R E kA AE IR CO. HEik
Wl TR, 31 2020 AR HE R M 3111447 Mt CO,, 1 1990 4Fii /b 22.7+1.2%, %/
AE S PL INDC % H #5531 2030 4 HE i 4 25294181 Mt CO,, Fb 1990 4 ) /) 37.2+
4.5%, 5 INDC HARMUA /NER
3.1.3 EE EEAYIREFIHFEREHASE —, /AR COHuil i 1E it KL 4E R
FEW KT, SRS 5T AR AL HERGE K 75 5500 Mt COWyr 247, B i T H:
INDC ([ 3c). [ % AmmEZWHFECR WA © GEHREIRTHR) MR i AR &
B BT RO BERL S5 5 it , i 2030 41 Fir = BEAT b HE I Lk 2005 4F R B 32%%4; @) (3
[ -t P AR AR B A A ) R 2030 AR R EZK HL vl A= BB R & Ha LU il B T3] 2006552,
WX sk HARAEN AL, MRS R (83c) T EEA IR COHUK g T, =
2060 4 [# 5= 2860+318 Mt CO,, {H7E 2020 4 1 2025 45 INDC A H bx 43 — & 21,
I35k 272449 Mt CO,1303+124 Mt CO, 21
314 ENE  ASRENEE B N KRR REPEZE, 2060 4Fa145r . AN Pudis &, M
N B RSB T SRSk (I3 L) T, 20204F . 2030 4E4kA REVR CO. HE =
ik 5] 27904131 Mt CO,, 46224507 Mt CO,, #iH H INDC X E M HAx, 2060 45 1
% 9085860 MtCO,, E[JEM FEER etk A B+ A HAETH) ™. (EZR KRR
T © K B EE BT RE IR 5 AT FA RV A U A A R SRR, B 2022 4F AT FAE R
TR BT HLARIAR 175 GW (A5 K FHAE 100 GW., JXAE6O0 GW ., AWFAE10 GW., /)
JKHL5 GW), & AE 2030 4E 3L BLAR AL A BE TR = g 5 2 MLE 19 40% LRI 5 T Ep
20204F . 2030 4FfL A RER CO, HEL & A 2614+131 Mt CO,. 39074507 Mt CO,, JEALFE
HINDCHAME HAr (E3d); 2060 4-HEH 4 7190£860 Mt CO,, it HAHEIE(E .
3.2 HEmEXTLE

R 25 R R Y INDCs A Eb T A BRI AT B S A8 AR 2% T AR 1 i
T T 2 E AR, TR ZESS 5 INDCs H A Rl () 22 ok i & (383), 4
A EIZIE AL 1 INDCs ¥4 5 2510 T B 2217 o6 by AR A HE R & H 25 BE A B s )34, 14
B4 B Bk BARER A R, Hrp AP ERISE E o g8 o WSO R AR S 4
SEERE A I HEEOR LRI A O, L R R A R T RE 5E L INDCs /1% H
{HHARAS A T BEIA 2] INDCs iz = HAw, 11 98 D0 HAR AR H bR A 300 Mt CO. 247 Y 251 .
AN, MRS S BE R 45K S B 24 1T INDCs B LAl [ — i HER T oy, Db . B
FEMARR B R B PEZ RIS TSR A BeIR A ERE , Y5 TS REVR T & L iz
L TGk B ZAR R GDPAE L T 7K1, e [ 3 3 R IR o7 — IR R UR L 3k 1/4
AYJGDP /259 J1 37T, i3 EAE i A¥J GDP ik 5.11 i 37T, AlLAi &R E
FOLIRE| T Irae LAu BN KRS J1, BARHEBUS EMRORIR &, (AR g — 2Dk >
E AR, AR AR E R G TR ARSI &R, 54, RRE R 2Lt
PUEBIE BE T RE VR £ B RETRZE A, QKK 2060 4F- 35 Tt B 5 — K BB IR HL M I 3/4,
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B JE D HERAE AN, 5 EE R A AR S B ORI SE L CO. 1 11t
HE

ARSCRI I L REIR . PG S T CO MR, X BOR SR R | BR
B ENEE . SR DA E R WA A HEROK AL BT T BB, IR eSOk B A
Prfct s EAEARER IR, JEIREHRE T N AE A DA fFoeE 2 Ak, HanE PRig i & 4k
ISP EEZG RGO IR -8 SR, DU R E RIS SR IR
ST AN AR, X LB R R S I B BT T

4 Zhe

ARSCGE A A A REVR COHER A sh AR, #fl TR E . WKW, BN, EE 40 H
FKIE A1 2016-2060 4 A Ji JE 25 FIEL o B0 &) 1 280 1) COHE I e B AR AR fb, I 5 4% [
INDCs XJ L, 153ILL T 458

O H EAE SR A BOR LRI RTHE T, BT 2030 4534 2] CO. HE g (A £ 11277
Mt CO,, HIESET A& A IE 5oL AT L0 AF 18106, 16 441K 4232 3000 Mt CO,; 2030
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Abstract: Examining the CO, emissions by country in the future whether the mitigation plans
are implemented or not, as well as their comparison with INDCs, is important to promote the
ambition and cooperation on global long-term goal of climate change. A dynamic model of CO,
emissions from fuel combustion is established based on statistical analysis between economy
and energy development using the latest data from the World Bank and International Energy
Agency. Extending and planning scenarios are designed according to whether there exist
additional and explicit efforts to mitigate climate change. Then annual CO, emissions during
2016- 2060 for the European Union, the United States, China and India are simulated and
compared with INDCs respectively, from which three main conclusions are derived. (1) In
planning scenario China will achieve its INDCs. For detail, the CO, emissions per unit of GDP
in China will be 63.6% lower than the level of 2005 and the share of non-fossil fuels in primary
energy consumption will increase to 24.7% . Besides, China will reach the emission peak
11277+643 Mt CO; in 2030, which is 10 years earlier and almost 3000 Mt CO, lower than the
peak of extending scenario. (2) In planning scenario, the CO, emissions of EU and US will
significantly decrease and the growth rate of India will slow down, which makes EU and India
achieve their INDCs likely but US still has a gap around 300 Mt CO,. (3) INDCs are ambitious
for all countries, especially for China and US. However, making further efforts on global
warming mitigation to control the temperature rise below 2 “C or even 1.5 °C, which requires
the developed countries to play an important role on policy, technique and finance, including
promoting carbon capture and storage technique, achieving negative growth of CO, emissions,
and providing support for developing countries.

Keywords: carbon dioxide; emission variation; INDCs



