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ABSTRACT: The energy sector contributed nearly 90% of China’s carbon emissions. Therefore, the multi-dimensional
quantitative characterization and analysis of energy flow and efficiency of consumption structure has extremely important
significance for the top-level design of carbon neutral path. Energy has both quantitative and qualitative attributes. In this
paper, quantitative and qualitative analysis of energy system were combined based on the Sankey diagram. At first, energy and
exergy flow of China in 2010 and 2020 were studied and depicted from the perspective of the first law of thermodynamics and
the second law of thermodynamics respectively. Moreover, from the perspectives of energy production, processing, conversion
and consumption, this paper compares and analyzes the energy flow, energy efficiency and loss of each chain of China’s
energy system. It’s also found that China’s energy efficiency has steadily improved with the end-energy efficiency from
74.52% in 2010 reaching 79.04% by 2020. At the same time, China’s energy structure has been transformed to green and low-
carbon. However, during thesame period, China’s energy system efficiency is only 17.44% and 23.91%, respectively, which is
far below the energy efficiency. The exergy analysis shows that there is a great loss within the energy system from the energy
perspective, including the low-quality utilization of high-quality electric energy and heat energy in the process of
electrification, irreversible loss in the process of primary energy combustion, etc. Based on this, the idea of energy efficiency
in China from energy perspective to exergy perspectives is put forward under the carbon peaking and carbon neutrality goals

and four suggestions are put forward at the same time.
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conservation; energy efficiency

T BEIRVURTTER 1 EIE 90% MIBRHERL, X BEYR 2 Gt RE AL 5 RE R 2 4E 21 im0 B 73 Hond B b AN R A2 A TUZ e ik B

BESA/MME: EXEAREEREETER IS (52006114); Hidl [ A X E A& 1k (2022B01018-2).
Project supported by the National Natural Science Foundation for Young Scientists of China (52006114) , the Key R&D Program of Xinjiang Uygur
Autonomous Regions (2022B01018-2).



224 R HE R A

024

WILEERER. REERA “BE” 5 “W7 FNEBENE, KERENEEMITIEMSRSIEHEE S, SN
SRR I S5 e AR MR, BT IR ZE T 2010 4R 2020 4F R E BEVE R G800 e v EIABRIR R . JF
MEBEJEAEF . T, B, THREAE, XA T ERRE R SRR SRR BEALS BURIRHIE. I 2010 45 AN
2020 4 H [ 2 31 GEVR R0 74.52% 2 T} 22 79.04%,  [R] N BEVR 45 44) o) G (oI i 21 o (L[R]30 v 6] RER 28 4 10 M 280 3R AR
Gr R 17.44% Fi1 23.91%, REVREE 4 (K MRAR R ADECR, AAE RS AR A A . SARERUCECAI A . BE IR JERHA e
FSERE AR . BUa, AWK H AR T o AER AR M BRI A A IR A R4 T AR DS

K. BEURAC, REVIE: MHAIE: XUBR WRE; RERK

0 5|8

N2 SC A (9 — kB KRR L A B R R I
B KBEIR R AR, AT, RO A ERA A
AL kR, SRR R R O N UG RRAE 9 %
O N I B8 = R RE VR AR ) AR, A& 2023 4R
12 5, ®EA I EEX WM H Bk, ik
HFD” AH OGS, 7 AR B HE U 88% F1 GDP
(17 929% ., A gt 5 b f KB g VR I 2 R0 B HE i
E. 202049 H, wEE A “ 4 HULE 2030 4F /i 5
Il CO, HEHUA V(A , 7 2060 4 /i SLIL A A7
EXU H br 1 St PR T I G BUG . IR BoR
Wi, BEVRAGE 2 PkiR. 20124E LAk, o [E DI4E
412.9% I REVRTH PR G SCHE T8 6.2% I E IR &
Grag KB, b E REYR Y P R R R K AL R
R, BEVRIY T AL D e . (H
HBEN XUk H AR B FAERE A RE IR R Gt T I 5
KMBRAR . HETT, QAT 3 e VR 2R Go & e 3R
P RS BB LB TE, v R 0 R AT R TR R
GUINRCR R, 5T U248 A VR R So e i 3
RIS S Hoi 70 2 — VAT an #¢ . Rtk xF
REVR 2 G0 1) R IR AL 45 K BB RIURFAE 1RO IR P AR AT A2 B
V8 R Gim] R 4R e (B SR, e o XUk E A
(T2 et B R

RE R UL B BRI T 0 A2 4 3R R Y A e v A T
T EE N, Hd, BT ReE sy E e A n iy
REIR A T2 e T S 0] 1 b R B T RE IR 10 SR IR
3, WX, BXR. HEEEEARIER S
PRGN B T SR R IR, SRR
Vakiid )i AR PN S I I = N S T = 8
THAE 5 RE IR T R 5t B A 40 L 4 T B

TEEMEM, FEEIREFGEY MRS
WA Eedn, %1 5546 B ) o 5 R [ 5K s B
T 1972 HRAM T RERE K &, &
Hb Ji 7 T 5 B A [R] b 21 R U 1 S0 B 1 D DA K % e
BT R R, 2 ERRIEBOE = %ot
L7 A I T H; Cullen® N2 7 2005 4 4 Bk
REUR A ECE, FFIANBI RAE M-S, ULairee
LT Xk > CO,HEAL I TTBR®Y; - Subramanyam 4%
Nl T IR Alberta 2 B L 75 X5 1 Re i B
JeR T EERE VR AL TR I 1 A e VR At s BIVH T 4
AR, R 2R 1 2 SR AR = SR HE
PRAL T W BT RET AT, MU S AT B R
K, H AT A BRI A R TR IR A X D,
Sl RE AR IR AT L B SO R . L
111, Soundararajan ¥ 5% 5 & 1) C SRR AE 5 A [ RE
V5 HARFHUCED, R B 73, BT S E T
AR B 198 72 1 R T R0 BRINER BF X & KA
2013 4 %2 2015 M SR B b AT 20 i, IG5 H
Ath T R R M R AR AR R [ o A el L, R
B 23 AT 6 3R B8 R & 5 IR R 38 B R
JERAEEL,

B L2t 80 AR Uh, I AeIETH 2 2 I
KA, JFT 2009 471 2005 443 il B 42 3K
55— I REVR H 2R AR o D BE [ AR AR
G518 e VL 20 A0 REAE S Re 8O 0, A D% 2% 3 56 [
(1 R R AL 25 TV 2 0 BRASE A0 58 BE AT R A AL
tein, ZEEEASRERERENSY, 26T
v [H 2003 47 F1 2004 4 1 RE 5 R B KIS, R 14
I o ] e IR PR I B A e e s AR AE N R
U8 S EI 21 T 2008 4 [ e AT R e R 45
BEATHIEFE, o0 i o 7E R IR R J Hh 1 B B



%52 3

FOKE, EHEHE, MGEH, 5. P EGEIR AR SR MRS BERUT T 225

SCOCEF N T 2018 4F Hp E s it AT BRI, AR
R B b 7 R E RRIEAE = LAY 2 3N IR
AR AT 50 e R e HE T L HEAT BT 2
F T4 NARHE 2019 Re i EUE, 40 1 2019 4
FE] et P RBR AL BT, KT i R P 2 7 R B AR A
RE VR BRI THEAT 7 40 7. A i X 3=
T b, AR S R ) AL T AR IR B A BRI
I xF A6 3T R R AL AT R T HE AR
MBI 26 R4 2017 SERER I, N (L&
BREVR K HIR AR AT H AR R R A
WO, 7EARREE SR E, Ma N TR ES
TR B S AE I, DU s A T A A B
PR R Yu S N2 T 2005 412010
o e e R 0 e R L, i TR R
FH ¢ 7 it ik S RV e e Ak L 81 e VR ¢ i A1) FH )
AN B FRR

AR SCHR AT B, R IAL I e 335 i 221 ] %24
REVE AL B 22 2o i fir 4 IS, . %%
e, HRCSE SRR R, REME— E AR R L
“IRR” BIRLCA . (H R B[ AT T e S AN
H, AN AR S — IR R W M AR R S
IR REVE 14 it o N REVR % 152 o5 PO AT IR O,
A LAFZ I AR oK 2 RREAN & T RE VR 3 GEi8 A8 77 1) )
LR ). MAE T Red, HETHIIFE
SE FE AR 23 A e 88 20 1 A [) e YR A e B 1) 5
WA EREE . R IORSRBESHIRE TR
KAy, areAue, MBEEFIHSFMAEE, #HA
WM R R “TRe” SE X i M RE IR i)
ATHBE “H” TSR

BT, ARSCNS Be S I R A VR AN R 4y
WriEMigh &, FET Sankey &K Ag V51 47 2 20 b1 T
B, ool R 5 55— @ e AN AR 58 o
TSI A, BF 751 %1 6 2010 4F A1 2020 47+ [F
REJR LB B Re i BRI B . LR, I ARETRAE
FEL L. R WREMEE, XA TR
Sk RE YR R 48 & BE SR MU RRIR . AR RS PR A
fEe fa, AN XK H AR T o E AR IR 2802 M RE
WAL E MR A AT T A RS, K
JERE R T RE TR 2 Gt e AR T E IR K X B2 H AR 2%

FW, DU A E U S AR ) THE B R it 555 .
1 fEH

REm A “HE” M 7 N EJE M
WO — BN HE” MAEER T R
et WA . BT RO R R RN
iR JE A, I ) 5 vE R LSRR UR FE AR R T
RER L 7 — MR, MaeEdEghd s
FH MRS RAEE. HTRENHEFAS S
Az, RILPTIER “RERAE " AP S i AE
PRI “REUR B 7 AR S i, nI R
REVRE B, L, ARV RS AT B4E mLi G ae
RMMARA B, HSLBRTEREA . i, 1%
Hi. ormC RORI AR E R R R] RE b G AR B )
an R AR R . DRI, AR SR F RE AL A O B ) O
R A [ BB IR AR G 0 e 80 A AT B TR A T
RV B AR B K 2z R AR A B L BT
1.1 gERERELHIGE

Re it B2 T RE B4 A\ tH B P ATALEL, A
I — A R — A e E R R
SLIE R, Re v B AT DI I s 12 2H 23 RR U 11 H
AN B R LA SRR . anETIAR, BRI
Bl — ] LR R A RIE R i, B SR
111 RERE R

ASCRL [ BRI Ge A 4 2011) MOFD (R
[ RETR 45 1 4F % 2021) U8k i Y5 1 7 R AE AR
B, B LR, RV g i FR o R
ITREVE M R EIF . — IRRR I ™ B A L R AR B
RE Y5 e e 1 SRR RE YR P A2 L AEIRAR . fEREIR
BIZ: il )ik 2 A, Sy T U F B R I ) 3t 30 1
B, R L BRI AN PR T T S E A I
D KR ANMGEIE NTORSE, BVEER . Al R
SRR IR EEIR . Hb, BN ARE
AEREUEHL ) DL AL O o R R BERE R
HABVERE . IS B A BER. EPEA.
BPEAR FEIPBER L FAR AR AR
Bagoasin, ¥R P, B, e, %
B AR TR AR SR A
T AME AR, Eg TR, Hiam



226 oo R 4

2

El1l seRERERELLSERE
Fig. 1 Energy flow diagram and flow diagram drawing process

HlaE A, RSB RARTE T RA
R 2 EZ&umTH R, W (EREFAT I
%) (GBIT 4754—2017) [MHLE, ¥4 M. 4k,
Al ol BN, B TR S A I
N, KEiEm . A EEN, A
TN R A O A AR P A9 N EE =
PN (A, ARV BT A
ERRIE RS, WArREFME, B
AR (D
S,+T,—L;—C,=Sy (1)
A JRANARIEM R SRR HEAHh X 7 2% A
Wi TR TR LERIIARE:; CER
AiTH B Sp R T ZE A
ERE R T L, TE RS
MR, Wl (D PR, #HENifelEd
R R L S REURIE 4 i Rl A2 i)
BT TONI BRI TR &
L=>8;-T, (2)
j

1.1.2  Bevi L AR

Revit iy, MG RRIRTEE S, I T
RN R k. AT BT Rk
MR e D BH O KHLURF M SN
G WmmEIR T (D) 025 2) HikEH

PR R s — R AE AR P s A i R S B ) i
s RN T Had FE = A i e i 2k
1.2 WRERHSSIHE

SRS SO BE & I A T 22 R, FRIR BRI
sy RER T H A R sCRA T, Oy MPERN—
PR REE MBI S8, A “EE M “a
PN DT TR E T RE s RHE . M Al v, A&
SCH Re VA H I BRI o v ae TR AN . REVR AL
2 3 ) FH I B A A FH BB
1.21 MR E IR

KA BRI TIE T E RGE A E: A
FEARANTRBR IR, RFEE RGN
ANFEH . AM I REIR RA A ERNE,, &
B A B AR R AHRAE, ARG R A S )
SAE A By PR 2 R 22 R R B G 40 1 AR P )
SR Epee BB FE AT FE IR 1, € R -

E

%FE? (3)
BE— 2B N 5 G A — R g R 2 R A
FARRER REER, W (3) W5 N :
- EEout _ Zegm Quouj Aou 4)
N D Qi A

e QM Q, NREE I A AN BIEE S Qo



52 M

FOKE, EHEHE, MGEH, 5. P EGEIR AR SR MRS BERUT T 227

NE JRAERL MM RERAR: Aow, 950 | KM
RERMBER R EG Q,, N I KAER LA MM A RE
B L, N IMARRERNRR AN (RRA
Hoe ONREEMES R BEZ D . P RR
AR R E NP Mt Em AR, HAH
it pe B WAy —F, WA 4 @t
HAH:

()

e g NRERFAMACR . RAEN (5), HAFHEY
T A B F) Aoy T A RIVTTSRAT BR LA AU MR
ANTFI e R e B AR B SR 1R .

x1 TEEEHANERAKY
Table 1 Energy coefficients of different energy forms

ReE B e RO %
HIRE. HLIRAE A=A=1
T
A 4o=1- ﬁ
T
A Noe==2 -1
R Qc T,
[ Ak A R AL

Ve TONPRSERIE: T sl AR s T, il s
1.2.2 MR ER 2

mE LR, SRR B2 ae R iR sl b Bk oy
NAATT R AR RUE ST IR, Bkt
B D el A G, —IRERIR IR B A AR
PHATUHR: 2) B, melifd R 2asmg
B MG e, IV T 5 S — IR IR A e
MRS ER L, MHRMAESTREE, EER
PR BRI FHR; 3 L&A, HRmk
UG PR T % 2o e 2% (R FH EL BT, 5 B A I 7R AR
A5 15225 (0 A5 e T B & o e % R JE R RAE s A
BOCRAR B TS S A g — D AT A BT
INTH 22 (1) 2 B0 A%, e 2SR B T4 A Ak e
R2Mm: & HHAM, A SRk R 4
BTk E, BRI R R REIEA L,
HArR ). BOTFIHABIT (BT, #1744 .
1.2.3  HE Gl S AV

ANTF) T eI B R PR R 4y, AE 2 i A B I
HHATUL N B R 1) AKX oA — A REIR %
ol FE AR AR 22 5, RIS S5 B8 5 6 AN [ I
JEE WA I8 P 3 B R AN TR 2803, B8 — ) Aty A0 4

w2 BEGRIDIOREMER

Table 2 Each conversion link or equipment efficiency

. TR 1%
FRRE 20104F 2020 4%
SEpL 28 35
T 25 31
iz KL 41 50
A% FAHLA 28 35
HoAt R B 16 21
CEEILiIN 46 56
FrifiLe 13 18
RILSMEE 7 7
SR e 16 19
EERAT 25 26
YA H1 2L 6 7
HFaE 7 9
& 13 18

TR 2 xR B IR AR LR, X E AT
e LUK 2 3 F e 15045 19 FH B LU R AT Se it 5 H %
232 SCHROOS e B e (0 30 19 4 IE B R AT — 8
i ™ BRI A& 7T, e Tl &3,
HERFIZEN . AETE AP H 959% R 3 F I
TV, 35% HISEMMA A T52mibl, &, k.
Mo @ otk TR 100% ff 7R I A A T VR AL,
9596 ) 5t M F Hh S LRI AR FA BB % 5 50%, H:
RIBETF EERE: Bz T KRS A
FTHARK BN BRI, HBIHL L 54.0%.
LR 46 ¥4 7 15.5%. HREA (5 14.1%. T2 E &
7.8%. FLHAEE 5 7.2%. HARKRBIHL A 1.4%.

2 GRS

21 FEERRZHRRVEERSH
211 REUEAE ST TSRS O

2010 412020 4F Hh [E GEIE R GE 1 e i Kl e 2
FE 3. BARKE, 2010 45 F12020 4 F —
UCRE VR 1) A 7= 5L 4y i) Oy 81.87 EJ A1 106.66 EJ.
Hor, — kAR AP B B P R 5 B B 2010 4
81.27% I [% 1| 2020 4F 75.39%, F&1K T 5.9%. [
W, hHEEMBERE S, HAEPEZETRE,
2020 A A AR P B — R R VR AR PR E N LL E A B
T-2010 4 N [ 2.73%, T ECH AR MK A b
Fho BAh, K Jay K. EREEE B4 K
At 3 i 6 R LE I BB YR 45 R R4 b 1 L E A



228 M RS

024

b1y N 51| Bl NG S R ) N Sl S A LN
2010 4F 5.2% 34 i £ 2020 4F 1 10.2%. 55— J7 1Ml
M BRIE, B F . B =P 2
A8 1.98 EJ. 71.49 EJ. 18.29 EJ#113.00 EJ.
Hor, S AERe R b AR X b
2020 585 b o5 A S BE VAR TH P B EE 0N 68.2%, A
2010 F-1¥) 70.84% A Frbed% . 410 A E 5 =k &2
EFERE L LA B, R, FE DU N )
REVRTH RSN, HEBNEE P bl 28 ==l 45 1)
R, AR R R R R 1 K, B
JH 2 0.54 =

W e A 408
_ i - 20 1.870m

I 7 B 66.54
9% 69.95

[t r i 3.41 =
A PE A1 2 0,.60=

i 171
A 2 0.38— o

DE = 8.49

£ 20.74 v %% 16.98 —
DE?EM&D%; 12.25

RIS 0.16—
V== =
[R5 369 [ Jraas

=R 0.62 _
RARAC P 22401 0.0134

N T#%45: 35.89

B—reilk:1.33=m
. 15.1 -
[]H Syt 3.15 LW % 14.1

—H kM & 0.02

JRERIH B 29.31

[CPRARH : 3.22

FEARRATREIRHE I K BEBR AT . MWEI 2 FNEI3ATLLE
H, DU (4 L AE b A REVRTH 9% LE 52D
N1, 20104 2 2020 4, o E BEVE R G UL
RN IT.1% BN F] 25.1%, HAMFRIGER
I, ERIREEEFPAEATS] . (H i E &
FREI LARRE N 2, 2020 4 2 i #R BE e R IR Uk
M RIE74.9%. Rk, FABERITERL. R
P AR R [ REVR R e e R i, 4309l o2t
J7 2 R ER « ARAT AR il 3 XOR IR AN 4% 28 Tl
AT B

15k 22.0
)T AT 2250 2.93E-5—

w7297

w17t 14 0.07
B ) AT 40 7.08E-4—

Ak 47.19

#=r=\k: 10.92

AT P 7.16

El2 20105+ EREFERGERE (R24: ED
Fig. 2 China’s energy flow chart in 2010
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Fig. 3 China’s energy flow chart in 2020
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Fig.5 China’s exergy system flow chart in 2010
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