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Abstract

In 2020, the total energy consumption in Hunan Province was 4.69 x 1018 ]J, accounting for about
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3.2% of the national total energy consumption. Fossil energy accounted for up to 85% of primary
energy; and coal accounted for 58%. The new energy consumption was 0.06048 x 1018 J, account-
ing for about 0.8% of the national new energy consumption. The CO2 emissions from energy activ-
ities were approximately 298 x 106 t. Hunan Province is highly dependent on external energy. The
high carbonization of energy is serious; and the energy structure is defective. Decarbonization of
the energy system is the only way which must be passed for achieving “carbon peaking and carbon
neutrality”, while green hydrogen is the most promising revolutionary new energy in energy
transformation. Converting renewable energy into hydrogen energy likes hydrogen mining; green
hydrogen is the root of hydrogen ore. Hydrogen ore, as a natural resource, is significantly limited.
As evaluated, in 2020, the hydrogen ore resources in Hunan Province was 42.3 x 104 t-a-1; the
proved geological reserves of hydrogen ore was 36.8 x 10* t-a-1. To 2025, the hydrogen ore re-
sources will reach 89.2 x 104 t-a-1; and the proved geological reserves of hydrogen ore will be 77.7
x 104 t-a-1. The hydrogen ore reserves accounts for about 0.8% of the national hydrogen ore re-
serves. The new energy and hydrogen energy industry pattern in Hunan Province has shortcom-
ings. However, it has a huge space for development and is promising. Managing renewable new
energy as a hydrogen mine can better promote the top-level design of energy reform and the op-
timal allocation of resources and energy and provide a basis for sustainable utilization and effec-
tive protection of energy and resources, and is of great practical significance.
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MR BP tH S AEIR [F1T 2021 [S]%ERE, 2020 4E A EAEIRIY 27 8 & 14546 x 10" ), (HABRAGIEN 28
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Horp— BT 77 S BN 2.303 x 10° tee.
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Figure 1. Comparison chart of global, China and Hu-
nan energy consumption in 2020

E 1.2020 ££3%. FE. AEEaERESETEEE

2.2. FRERKR

2020 A FAEIRENLEA 11.44 x 10°W (£ 1), XAERTK B RE(PV) RN & R L3 K53 51N 56.7%
F113.6%, J& 2015 4F 4.43 £5501 23.0 fi5; AEWVFREEQR01S SELLUJE A TR R E)ZENLA ELIE K 6.5%, HrAglE
R IR KET

AL XAE . AP BRI AP BEAE N BB e TR FM BN 16.8 x 10" Weh,  (H & B K HEM 10.7%.

HIFE 4 M AAGE A TR E AR TR Z K AT AR 2 (T A 3 PR AL . 3R 2 A 2 B T (R
(74, EEA MR KBRS L R AOK IR RS AKOK IR RSG5 4 25, g
JZOK M B T B RBERE , G K AR RIHOKES 3 28 2 (T b akag B A LR .
HREHAEEAE AT R AGEAT ST 0431 x 107 J; AKRAE L HGE TR PGB T 0.001 x 10 J; THE
ERMEM ST 0.695 x 107 ), LA EATHER R HAEN 1127 x 1071, & 0.384 x 10° tce [7].
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Table 1. New energy 1nstalled capac1ty and power generation growth in Hunan Province in 2020

1. HEE 2020 FHEERRIES KB EEKE
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Figure 2. Comparison of new energy consumption
types in Hunan Province in 2020
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Figure 3. Comparison of new energy consumption in the
world, China and Hunan Province in 2020
B 3.2020 23k, RE. HREEMEERERLE
2.3. BRHEH

B Y AT B T2 4 A 2 B TS 1) B A 0 43 - 2020 4F [ BB UG B CO, HETBUE N 9.8993 x 10° ¢,
RARBHBRZMESR, S48 CO, HHER 30.7%, AR/ HIX AR, FHARIEK
0.6%, ELAESEFBRPHNHLIX CO, HER & 2 AA B & (1 4).
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Figure 4. Comparison of global carbon emissions, China and Hu-
nan Province in 2020

[ 4.2020 F£23k. FE. A EHMEITEE

W5 IR, 2020 I A BEVRTES) CO, HEME LIy 298 x 10°t. Herb, iR CO, HEE & b,
15 78%; A CO, HEE HLLEF, N 19%; KIS CO, HEE 5 ik, N 3%. /& REIRTES)
CO, HEAl & 54 E # 3.0%.
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W EWIREE 1.5 x 10° Wo KU SafR¥G oI rg 2 AR, e “ 00307 IR ey 2 = 4.
IR RE VRSN I K R A 5, & 2025 4F, KL HEE 17.8 x 10" Weh; JefR & L 10.0 x 10" Wh;
AR R 7.0 x 107 Wehe 1 EHWEEGRZ GRS K S 1%), A HREIRE B EAEN 0.12761
x 10" J. FEESEOEPNE PR EHGEIE, MK EAE, (X, bR SRS, JTRE
JEH AR Pt BRI, HEBN AR SRR G R RS
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ARt 5L BEUEA 5 FT(WRD) R AT RS [8], RERILH 79 MNEXK BRI 2010 F & LRI 15
V(R R W, vEE L wEEL B, BRI, gL BCR EEE), RIE S EAGRE, &
HANEREAR, 5HE. SRRV ) BHRTE 2020 FERTABEE, S5 4 MEREE . Bon.
AR R S R SR P ER) T AE 2030 4 RTIR B

U B S AR 1123 D22 (IPCC) I T3 2050 444 A 2RAZ IR FRHI7E 1.5°C IR A1 KB 3] 2030 4
CO, HEi 1 2010 7K T-(33615.4 t) N % 45% (15127.0t), % 2050 Fik FNFZHE

AR B B v] P A R VR LA (IRENAY R 25 (9], AT AL RETRR RE AU R £ S ARk F K e T3, 18
FRIL VR A2 DA AT P A RE SR e 80 AR S HE A Y RE R 55 2 3] 2050 AFAERAREE PRI E 1.5°C HIME—iR 12

IRENA 153 Hr 3R 8, Lk 53 28 T8N BRI 4 BU AR o7 &, EEIR R AFEGEE S W NBRIEHE ST )
2 LS (20%) REVRRLER(25%) 4RE(10%) AR5 H AR IR 5 & £ (BECCS)MHZ A (14%) T
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5 & BRI PR 50% UL b, AsBRe 1 PURA R 49,275 x 10" Wehea ™!, R REYR (5 B S (i
(1 90%, ZRE L HATAYING G B2 RRIRAEH =1 12%.

HE OWBR” H AR B SNT bk, WiE A At . RN rb L HE ST BRI Y 1 B A% T Dk
Wt R, “XR” BHAx “1+N” BORE RdE— 2 5%E, T3 mEME. “1+N” BUEARE
BRASEACAIE A BRI R E, AMEA IR A BRI R B E . QAT B CO, HM RS,
T BEEE R L A S A IARRRIRA R, R T TR E R R IR IR B A, KRR
fiife, HEZNRRIEAE =V 9 7 ek (AL ¥

T HE LT T & BRVR % B 22 B A TR A5 [10], & T —AN5 2050 458 5 B H 7530 1] Bt e AH —
i 2030 15t AR AIRENR S AR 53% (£ 2), mT “1+ N7 BURMRRMBE, BIAM.

5“1+ N7 BURR RIBARIEAH U T HE . 555 Bk et 70 b O 32 RS PR B BUR B 70 BT 4
(1115 BEYR Ay 4 J2 B2(2021~2030) (F] 2025 FFAEAA REIRFI R AR S IS REVRTE PX LLE > 30%, 2030
FAR A BEIR A RAR A EEEREIRVE R L E > 40%) A0 [E 4 SRl 2= B Tk & 556 7T Sk &Rk 0k
Rtk 2022 4F 4 7 10 HILFEAAT R CREEE R F5: o E R K R AT (2021)) (31 2025 R4 RE
JER AR ELN 38%, ARATREIR K FAEHL & HK Ik £ 52%) .

Table 2. Comparative analysis of China’s “dual carbon” target and its realization path

F2. hE WK BRERIIMBERLERS R

Absit B EZfEls BREHR BHEB] BERI0] BORH[11] BERH4]
2025 >20% 20% / >30% (F RAAR) S 10~20 x 10* ta™!
FEA AT eI 4
2030 >259 25¢ >53¢ >40% (# RIKS /
W % % % % (B RIS
2060 >80% / / / /

EMREE, AR AT REVEH 2 B RHT BEVRUR F B AN ER TS “XU " HAR b B, 58 “1 + N7
BURAR R BCESRIRE T %, AT DASCHL AT FF 2R REURUAR BBy AR fa s R R vl 0 AR G e A S o P
ROFI RO Bk 0 fo A A

4. FEERETEMN
4.1. SEEEEN

U] DLd i SR I B SO L AT i A O FLRE R BE, 2 AR R BB AR AR
A B T FRVRE RS, B2 B T AU

SAEY S5 R BRI R B, FONERE, TR vReR(EUA), SRE T BN A HAL S RE. ARE
75 21 4G T Re /et A BEVRSE & B — Fhé SRR E 1) R REYR, FIEE ) —Ff, #R IR AR B2k
TEANE A, SR P — E 7 VAR RRR IR, AR Ak R DLE IR .

AR S AR 7 SRR A 7 il R B HE TS 0, PR S N AR A R A A RRHA BE 2 AR I ) s B
A AP CCUS Beffide . FIH SRR AENAS) SHE R HHReIE S H AR, HIA
TR 5 A A RHER), R I U o I 1Y o PR R R VR

MG E PR AL B (EA) I RL, 2020 FEAEREFZE LN 7000 x 10* ta' [12] GLd: KA 4 23%; &
A 75%; A 2%). 2020 FEPESEFEN 3342 x 10* ta” [13] (L KA 63.54%; WA 34.94%; %
A 1.52%). IEA Filit, ieMBalErs kB, 2040 4R “GEMER” M RKIE 7500 x 10* ta s

rh R SRR IR AR RE E i 7 M ) o e Tk B TR A DG A T BT R 13] [14], £E 2030 AE (RIS IS 5 ),
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RES S FREGIA R 3715 x 10 ta™!, fELUGAEIRTE 9% F5 R &P 5 AN 5%, $ 2050 AT RE
B H] 9690 x 10% -~ (SHEH EL 15%); 7E 2060 F(HkH A 5 1), T E S A K07 R 2K % 13,000 * 10*
ta ' A (GEEE B 76%), TR BETEY 9 TR B A HLZh 20%.

e S, BRTE B ARG R BRI & . BN, MR EBEA S TER, 1%
JETFES B, Wi 17%, HERFLTEA RRASAE, HH5EREEREN 0.14%, HIILHEER
WEMFEEA: K. A, RS, A, &%, WM. . W, \BROKERCONER . MMes
Yy BECGEAGE IR s, Mg, DB, WA + CCUS MIAEY)SE) TG — 0 4 Fa 2 Re I #E . A
UL AT BV R R A AR PR RE ), ez AT AR i B ORVEAN REVRTE J1. PR b, EIEMER AR
AR, SEA REN RA.

4.2. THNEZR

B AR B (RGBS REIR) P 7R Sl R R . e dF . MBI 2 B VR A

BT EEAF N BRSO . TR RBOR A SF R PP, R BRI PP O (it
AT 5 A0 B B B2 R AR

ZUFPRO: AEMUTITAN FEAL b, 32BN T SCRI SR i PR, W IETT AR T2 55 rT AT

IBEE PP EZ T R IOT A S A A F R, PP BT R A R A B 25
e Ak

M BTN EE T BT R R IR AL S B R R . TR A L AR ) R SR B B
PR BT R XA SR 2R 5 520

BNV RIN S, RIRAE T, —ASHIT I E A

4.3. TN GE

43.1. HSHAREEHELHTS

[ R47\.(SPE.WPC.AAPG J% SPEE)# i SPE-PRMS 13 [F1iF 5558 5 Z5 514> SEC #E N FEA AR 15]
[16], #RH MM TIRCHTUA . 5 RIVSUKEDDEIEH B S AR A& ) &= =2, AP
WESERE R P BB RE 2 P2) M AT BERIi% & (P3).

CI AR 7= SR 20 950 (GB/T19492-2020), A" 7= BE U5 4 b5 fil S A BRI S99 25, b
R A 52 43 AR R i (ER W B R AT SR s PR 0 5 A SRl B R 4R B 65 W R i )« 42 L St 5 i
B HIBOR ARG P 1) 45 RIS B R0 4 45 1) 42 57 AR o) A0 TR e G i

IESE i AR HUT i Rk b — 80 B TidE: HRMBN SRR, NS AR, Wi
SEAE R AT FERE AT RBAR L 5 4R ERE b, M n] SRR s . PR AR A Bl AT by, BRI
i B 2 A A v

4.3.2. S8 FRBEREFEE

WS T, SRR, BRARTHE, 2RI R IRM E A, AR
—RBEIR(I A AEIR . 7T AR REUR) AN REVR £0i Fl P ALy . Hem)ide, S0 B4 MR &7, AL, ©
CLAR RS T BRI AN TR .

P A /K i) 80 A WU A R R 2R [ 131 [17]: BlPE/K MRS (ALK) T2 He s /K L [ A (PEM) [l 44
A AK FEARAE(SOEC) FIBH B 1 X e (AEM) . H I A T M FH I R 29 RT3, Hh il /K s e
(ALK)EH N BONEE,  HAR AR T EH 4 KF

IRYE R L GRMI BOR 18], A AT BRI B A BRI R « RIS & Tl A 10~15 Jt/ke)
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L ZORM 191 A — B (JE | S A RIS HINE DAL A 58 6.1~9.2 Jo/kg Fl 8.9~19.4 Ji/kg), i HLARIK
SURAIARA BN 0.3 Jo/kW-h). KA HEEN 0.6 J6/AW-h) A FHAEGEIRFF BHEM 0.1 JT/kW-h)
53998 20~22 Ji/kgs 35~38 Ju/kg 110 Ji/kg. MELZ T, KA BHEIERAMTIm T HE, RE
Fr L I SR AME T BB n A R A v, SRS N BRI Sh 77 AR T A 7 DL K T A
REVE HL ) AR PRI o

g b, K E(298.15 K, 101.325 kPa), FEIE 1.23 V, 7742 1 m® /375 B/ N AEWAE 2.95 kW h
[20], BIZER= 1 kg E/FEHLE: 35.83 kW-ho SEFr b, BT HI SRR 2, SR 4) 2.6~5.5 kW-h-Nm >
[20][21][22] [23]8% 28.9~61.2 kW-hkg ', tBH BRI 241N NEA TN 56 kW-hkg ' ZEE 0T, HUF
R AMEIL 75.5%; S FEHERE 4.1 kW-h-Nm ™) (3£ 3).

Table 3. Comparison of performance indexes of typical electrolytic cells

7= 3. MBI R REIRIRRI LR

E{=gan BPEK ALK JiF A e PEM [fi] {4416 SOEC HnlE
P 5 KOH &5 &4 SPE Y,04/Zr0, /
TAERIECC) 70~90 70~80 700~1000 /
FLIL B (Aem ™) 1~2 0.2~0.4 1~10 /
AR (%) 51~75 70~90 85~100 75.5
AR FHFE KW Nm ) 4.5~55 3.8~5.0 2.6~3.6 4.1

B fI A E AR ALK RO BB A R, TR AEREHIE, RN AR T, CFRATHT
W#FIES A AT T (China Green Hydrogen Ready for Prime Time) %5, MANE B FHUA IR Y6404 1 A [E 4
AWK IE24], WA,  FARRE AR BRE S 38  BE AT — AR OKBH B8 FRIBH AR (0 S J5 45 (HIT)) 3 A
3| 2024 AT REiE— P BEIOGAR K HRAS, ZRERAS I T B AL r Al T 37 03 s o G I o) 4 S A
AT, iZ4R 513 H T 2027 4 HARRE SN ERHA B 120 x 10° W 4518 . 3 2025 45, GAR TG
FAS(LCOH) M % 38%, I~ B FEE 1) 54% K H G AR HL ) LCOH [ T F%, 38%2K H HLARAE R 48 A I T %
2022~2027 EIAIFEEEHLEIA S 20 x 10° W, BT BGA B 255 * 10* t ULREES, HESE TR 7%.

AR 252 T ENARMGE M. 2022 F—F T TR ST H BT T 40
T, SPEREERE T 70 x 10% ta”t e A TAREN A BT A SRR, IITES x 107 6 TR AR AL E T
=5 PEEHLIX AR AU AR G AR T 80.68%, FEAE R EAETEHEQ x 10* ). AFEHMTE, WX
LR AT H R A 2218, AR AR A

4.3.3. VNBER
13 BRI B AT P A RE R BRI S TG PR, (R SEBR I KR SR 1 2 H R 2048, B2 3115 F .
FLRA g BEURATH 2 4 T35 2 B0 SR ORI A TR FRE FH
S AT PRI E > 2E) (GB/T19492-2020), TR B & AR b i &
THRE: MU TEYEMME.
PRI BT i . BIIA BOR M BE A N R TERINEN &, S TSN HVE.
4.3.4. Fh &%
BRI R TIE =8
A p: WHL N 0.08988 kg'Nm ™ (273.15 K, 101.325 kPa).
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BERHE pe: WL N 143 MIkg s
SRR ER: KM TIAME, A 4.1 KW-h'Nm .
fRRE e SRAHEME, N 75.5%.

43.5. X
I EITFE AN

& o

W,,=E x10°/pe (1)

(1)
Wi B0 HIRE(<10* ta");
E FRETAEN P E(x10" Ja™);
pe AREEFEEMIkg ).
PRBF T it B v A 2
WPR,,, = Ex px107° [3.6x ER 2)

X2)H:
WPR, TSN M (< 10% ta™);
E B IR 2 (<10 J-a™);
ER B/ HEMHE (kW-h-Nm™);
p EHEE (kg Nm ).
"
WPR,,, = E ><77><10_10/pe 3)

K@) WPRy, RS 15 i B (x10% t-a '),
E FrRETAEN P E(x10" J-a™);
n FIRAER (%)

44. TERERESHITL

4.4.1. THHER
W) 2)FI3), IHEHLERNLE 4.

Table 4. Calculation table of hydrogen mineral resources and reserves in Hunan Province

4. WEESN BREETER

o ViilE S 4 [H
BRI
2020 4 2025 4 2020 4
R Win 423 89.2 5450
TR 6 B (3R(2)) x10* ta™! 36.8 71.7 4740
WPR,;
PR HL T fif (3R (3)) 31.9 67.4 4110

R B 5 A T SR Q)RG35 RARG)IMEERQ)/N. BT AR X EME K, FH
HARefm A, TEAEWPRp) /N, HEHFHRQ)MEWPRL)-
2020 F4AEE B IRE A 5450 x 10* ta ', AN R H A% N 4770 < 10° ta ' AL Wi A1 WPR

DOI: 10.12677/5d.2022.124117 1027 BIESES 93


https://doi.org/10.12677/sd.2022.124117

&

&

%

HEEEAM 23342 x 10* ta VAR —HEH . KERPNTTHERI, 55 RM T R EAE R IEH]
EREARITE

2021 4E 3B HR[2317F % R AL F5 /K FL7E Y AT T RE YRR Al A B AU R RN 36,350 x 107 ta !,
B Wy B WPRyp (BT | MRS, FERW T v FAE BRIRGI A 7T .

2020 “EWIEE AR RIRE N 42.3 x 10 ta!, AR fFE N 36.8 x 10* ta™, % 2025 FFAH &
JREN 892 x 10% ta !, AN IRHIHIFAEE T 77.7 x 10 ta s THE LSRR, WIHH ] fA R IR A AL S
(NN 0.8%. WIFE “+=H” W ENKIR®E, KEHLEL, HLER/N.

4.4.2. FHHL

FHEY & A A SN BRI S 1 SR R, AT DAl P 1R T e VR ) S RE D 808 71, M
— MU ARBL T B BRI R B AR . —E LR, REIRGLH R AR AERORAZ S . BURREIIA R A B
PRI IELE AR W/, k. ARBRACIE R 7R WRA — K, RHAREREEITREIR, IOk hR &
EH-ANEH AR R,

IRYE S = BE M EE[26], 2021 R AR 1 5 3= e IR T B B S POK PR A F g K il A 48 B R Ta I B 7
fiE 1.4 x 10* ta )P G2 HE(1000 Nm*h )T K BE /1(2 x 10* Nm>h ™) & Uit kg KISE T, K
WEBEE G EUNIETH (P2 A8 2.0 x 10* ta )L E#HE(1000 Nm*-h )l K AE1(5.2 x 10* Nm’-h™ ')A ] G
HONSEEHTR, BT 2023 4F 6 A R

AT, g 24 ) & R W (IR BH AR ), e il 3 B R iR 4, SRE =k Ak T2 25
FrEe. 2020 52, &R BRINSE 13 ANHLOM) T Je )5 KA 7 ARe . ARk, 2021 4212 H 27 HAA
RN (500 kgd YmISH IS EERIRE, Arbd Amdt N 78 8 105 B AR I8 in 2 A
Frgg PO R A B SR A B B R R I T BEAE A AR RIS . 2022 £ 4 A 14 H, WA KEEWR T
(RT2% TR K. JeRE BT H R ERA SHBREER) sl 7 5 MEE “+ua”
[ HL S TP R B AR R e R R BT H N RS & A . P T DU A
BREHEIVRZE “3 (KRR + 5 (55 21 28)7 /nyuIiiiie, Fraedi. SUREr kT LGk b P 420 .

A HEL27ERE T E N E 2020 LK, SREFSBUR S J7 7 1281 W 4 ) S0 2, HilE (el
+ EOBCN T EBEE. WSS W, HOR L SRS X AR SR TG I M X g 5 B S,
DA SEdONARER, 2021 45 8 AMatiik T 7 M ROBHIZURTEI H (SRR 2 Wi 5 A, sk 24y, Bkl
AR BB 1.85 x 107 W, HLAR/KHISL 6.69 x 10* ta™s

2020 4FAI 2025 RSN PR BRI BRI, A 2 T4 18 ANAN 39 NTERIEEGAIIH . 1
Xt b, T A T RE TR A S RE T LA R Y A7 B AR (1 Ak I A ARRUR T AG I B T RE TR M
By AR M A ), EREZRIE R, BrRsRs AR L Ka 1A,

5. &t

HREBUE REIRFE Rz 0, SRS R DUCRER A E A, ARe bk ik, SRR 5HHIEAE
SRR Z B REVR 2 i o

F A REIRE OV A RE, TRRIEN TR, S0 RBEAR KRR R 2 5m - gl . AR 1B
IRVEUR, A RIER 2, T DU A S EAVE SO AR PP S0 1 SR A .

AT F A REIEAL N SN OREEATE B, W AR BRI AR A TR Beit AL BRI REIR IR AL &, N
RS BRURINTT RR A F AT RS SRR, BLSEE LK

WA =107 WIEH RPN KRG, (HEW B A RS BN, BT REIEAN S RE LA RAT AR R
W AEREERER, Froeli s mer WA, KRR RERFFES “1 + N7 BORERIIBE
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