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Background and routs of carbon neutrality and its nature-derived thermal solutions
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Abstract: Human activities have been the key inducement of global climate change, especially global warming, since
industrialization. This has become the consensus of the scientific community in the world. Low-carbon energy, carbon
emission reduction, carbon cycle and carbon storage are the four main technical routs for carbon peaking and carbon
neutrality. In order to measure the contribution of different technologies to carbon neutrality accurately, 76 specific carbon
reduction technologies given by the international organization Project Drawdown are analysed. The results show that carbon
emission reduction related technologies will play the most important role; change of human behaviour will exert a greater
impact than technological progress; the contributions of nature-derived technologies and thermal energy related
technologies on carbon emission reduction potential are 45.9% and 35.5%, respectively. Then, based on the important role
of nature in carbon cycle and abundant reserves of natural thermal energy resources in China, the concept of "nature-
derived thermal solutions for carbon neutrality" is proposed, and its advantages are analysed by using underground heat
storage as an example.
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Fig.1 Atmospheric CO, concentrations from 1958 to 2021
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Fig.2 Temperatures and atmospheric CO, concentrations

in the past 800 000 years
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Tab.1 Definitive conclusions on the impact of human activities on global warming in IPCC reports
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Tab.2 Influence of 1. 5 °C and 2 °C temperature rise on

human and ecosystem
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Fig.3 CO, emissions of China and other countries/regions
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Fig.4 Comparison of the years of CO, peak emissions and

carbon neutrality/net zero emissions between China and

other typical countries/regions
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Fig. 5 Comparison of CO, emission intensities between China and other nine top 10 countries by GDP
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Tab.3 76 carbon neutrality technologies and their annual average CO, reduction potential from 2020 to 2050
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Tab.4 Recent safety accidents of power systems with high-proportion renewable energy in the world
I ] Hu X Ff IR

2015-07 g LHE R ARG R A R AR 100 43U, A 85 10~90 Hz, ™ FE 5203 75 660 MW ELLALE K
PR LAk Bk

2019-08 YR 0 b L 2R T R o, XU RR 3 DR R T AN AL I P, i b R R VR RE O, R B R R e T L 5
ST R AR ] 30%

2020-08 S AR IR L UM , B TG R HUXUHS D 3 R R, 3040 J7 RS HL 1 h SRS | 5650/ (KW -h)

2021-02 S E M A FE AL L SRR , AR R LR I EL XU e 0 A JE 5T A 10% , HL T B0 SERR JEEAS A2, 5 550
- 300 J5 ML, SRIE LTI 9 56T/ (KW +h)

o010y vl MO BOR SRR i TR BURAGA TR, BRI 15 4 PR PR R R

3R o SRR XU H T T 30%

KA R S A 58 (8] i ik 38 15 29 4 120. 0 Gi/a, 5
VY TR] (R Bk 8 B 240 90. 0 Gt/a, TAH Fb 22 B A1)
KAHE A BE F AR 5. 5 Gi/a

& 6 o 3 [ ML 25 i K SR (NASA) #5540 A 4= Bk
20064E4 A 1 HA8 A 1 H CO MBI A" (i
o 5 A U COL IR Bolk =y ) o Bl 6 7T
PVE 4 HdbPek o MRBL A BUR & , mi 21 8 4t
KR K )G, CO RN & TR RBLT A
SRIERRAGER o () T ZAEH

§sx 2006/04/01

r.
1 4
| R »

2006 /08 /01

B 6 NASAZEIEMENEELIKCO, KRB
Fig. 6 Annual global CO, concentration distribution
simulated by NASA

4.2 KEFEMNBEARRERE

T E M B RARRFEIR £ 5 IS HLIARE |
K PHAE PR A, BRAF ] ) A o A6 0 P IR
e b T 99%7

X T EGE , B b K DL E 3k i v )2 M Ak
AR R 2 7 A bR AERE K AT b A AF ] A
W19 G bR, A E B T R A

LB BEFE 0 1945 o AR M PR BE A B 32 %
FAE 2, U5 AR 3R [ R Rk, #% 2019 4F
4 [E MR AR SERE T AL EL IR 8. 41 A2 m™™ iELEZ
AR AL — L 3T S AR AR S I K R A 20% .
Vo YR B L A 1 AR g m At AR O AR B U T A5
N PATHIX R JZ M BE R R . 2915, R
2015 4774 )2 M I BEF- 24 R FH R AR 0. 5% , FI) FH R
B BT AL AR 3. 0%, 1A B ORI & TR,
TR IE KA, BRAE AT COHER 9. 32 4247

XA BAAE , 3 ] i b A A 422 S0 K B i 4 24
B 2R 1.8 T ehR HESERY S T 2019 47 3% [
S EREFE 1Y 370. 9f o TR ARANAE AR BN LA
J5 W% 252 Z2 At LA — 1 e K BH g AR 7 T
WA TERM AR, Hr, 3 E K BHRE UK R AL
R 7 8 T B LA I R, 4 2 2020 AR AR SIS REHL A 1
29364. 4 GWth, 5 &t 5B E 1 72. 7%, LHES 5B
TSRS B EREROEIE R
D71, 3R E R AR R HUS TR KD, # & 2020 4F
HENE, ML TS 520 MWe, HE4 55 =12 (H
T [ A B R 6 U A L, 24 R 0] A Z R
T REITE K,

X Tl PR AR, TR 3 TR R e 4 v 1R ) T 25 e
B2 520 R, A R AR YRR
A9 FE 85, 4%, 13. 7%, 0. 9% . ELAR EVE R
25 Re S AL AU AR AR, a0 3R ER A w1k
1)V Ui 22 B A I A R T A o K, X T —
SRR S Al A — s RN T DT

25 LTk, A SRAERRAE BR i B+ E B
LR EEA F 50 ARG, A A
BLEE A B IR T H 2K ik b A B BE g ke Jr 58, ]
RSB RU” H AR R DT
4.3 ARRG: FHBRKITHER

TEARK = Fe BT e VR e R e (R ) R
45 ) KB FH G 5T, BT G AR R RUE 45 1)
ANEF I CIN L 7 B ) AR AN 5 it e L R TS T



s12 Ao, 3 K

% 43 %

TR B 5 SR A ey 1oz 25 B U8, 37 R P g R e A HIL AR
TR TR RN G R, 2T RE TR Bh
P TA)BRE | B WA R B S, oA Fi I 19 22 4x iz
11 e 2 B R BERE 32 BN R 75 B, BT BE R A P i Sl
IO F) Ty AT REAH 24 T RS G S TR ML 2
LA 4 % BE T B B B L T AR 4 A B S AR
Zz—,

7000

6000 - P P 97T AR P /N B 4
o 5000 F -
= Stk

4000 - A HL

ERE3

3~5 1

-
=

3000 -

AEF

2000 -
1000 -

0

2012 2013 2014 2015 2016 2017 2018 2019
F
BE7 HESA KR K AR 5 i S Y £ 7 /N 2
Fig.7 Typical annual utilization hours of photovoltaic, wind

power and electrical load in China

filf RE B J2 2 nl 73 S Wy PRAK R AL 2 il Pl
IS Y AR R BER AT AR 2 (]

(1) SEMUERE o 4 i RE S A I ] 35 2k g 2~8
b X LR 1 H AN F G2 S 0 R 1)
BEE QTSR L R BSR4 d R
AEREHLASHE 10% I TEBL

(2) BV A TR R . ITAFRE NN 2 H
WA KAz, B0 2021 4F 4 ] AU TR EL T it e H il 45
KRN 22 AT BT BAE , R G AL 25 MW - h
PLELAKAE 5 2021 4F 8 A AL 50N X & A KA fif g 1K

B R GUH, L3 N

(3) WA FE . 1 kW-h i B A 2 % 4 Y
10~30 A5, 1717 RE 5 U6k L 452 A 24 46 o o A 3 ol
T WERW

it AFE AR AT 2 S A

(1) XHARAAHE R E AL oR o PEGEIT, Lo
REVRTY 2% P AT 51% /2 ARBETE K™, B I 5 R FH L B
PP A AR A L, TSR T AR AR S P R O
2, DR S RE VR A FHROR B RE IR FE

(2)$E FEE A AR . v H 40 K FRBE D%
sk, $2 R FOEIE B R G R T R RERUK
- BEAV S L AR

(3) AT FHF S B RAS R v th o R34 FL Y Al
FRAGEE L, L R A FH F AR A o) 3 2 PR A 24
ATt B RNV o, FH PR e 0 3 3 A B A B A
J5 5k S B R D R AT B R AR B R
FL LA BE AR 409% 2245

R G PR AR B T 24 B (MIT) & R AE Joule I 09 WF
T M BER R G ] B BRIk 1009% B B
Ak BE 2 G0 1040 45 % 0 AR 2= 20 59T/ (KW -h) LU
A B U 0 H R K E AR R R 4
23 SN RE S FLARE 7 2 AR B A v R

FERLTS S T, AW S A SRS &, v i —
A R A AT AR 1 2 L A, ) i s
T HEE HAR R G T . RS NPT R AKX
S AE RN G %2 H AR w48 5 A ]
flKZ 0.5 £I0/(kW-h) LT o #0KH Fig 5 Rifs
FHL Y 52 AR A 25 65 S AT B AR 17 Fi, T ) 0, o EL AT 3
W E AT

x5 FEMTKMAERRG

Tab.5 Underground heat-storage reservoirs in Denmark

L] Ottrupgérd Sunstore 2 Sunstore 3 Sunstore 4 Vojens Gram Toftlund
B3] RIEIH AREWH  REIH RIEIH [ dE| [ERe=| Rk H
H AR 1993—1995 2003 2011—2012  2014—2015  2014—2015  2016—2017
G /C 35~60 35~90 10~89 17~88 40~90 20~90 20~90
AR R kW 390 6510 26100 10 500 38 500 30 000 22 000
FHEAE/(MW - h) 43.5 638.0 5 400.0 6 000.0 12 180.0 12 125.0 6 885.0
SRR 3500 27 79 315 591 509 485
BANIHER /[ SEI0 (kW -h) '] 6.23 1.24 0.52 0.48 0.42 0.70
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