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Abstract: With the launch and promotion of national carbon trading market, accurate carbon emission data of
emission control enterprises is crucial for the government to formulate policies and build carbon trading
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mechanisms. The current official carbon emission accounting method in China, the emission factor method, is
simple and easy to use, but is highly influenced by human factors and can easily lead to quality issues with carbon
data. Therefore, a rapid analysis method for coal quality indicators suitable for coal-fired power plants in the
carbon market is developed based on laser induced breakdown spectroscopy (LIBS) technology. Combined with
partial least squares regression (PLSR), a predictive model for carbon content and heat generation of coal
elements is established. The results show that, the average absolute error (AAE) of the prediction set for the
established dry based high calorific value and carbon content model is 1.10 MJ/kg and 2.72%, respectively, which
can achieve fast and high-frequency detection of daily coal samples in power plants. In the application research of
carbon accounting, examples show that, compared with the conventional daily measurement method, the relative
deviation of monthly carbon emissions accounting obtained by the LIBS rapid detection method for daily
measurement is only 0.40%, which is more accurate than that obtained by the monthly reduced coal sample
detection method. In the application research of carbon verification, based on the results of the element carbon
content measurement method, the average relative error (ARE) of the carbon emissions calculated using the LIBS
rapid detection method has a reduction of 6.73~18.99 percentage points compared with that using the complete
default value method. The LIBS rapid detection method has a testing accuracy that is close to conventional
laboratory results, which can be applied to carbon verification and coal quality data verification, and be developed
into a fast and low-cost practical technology to assist carbon accounting.

Key words: laser-induced breakdown spectroscopy; coal quality analysis; element carbon content; carbon

emission

I = RN UK JE O A BERA BT [, A AR
R A (R — SRR IR AR AR R ) T ZE A
R REX A RO BRI Jyseal “ X ”
Hix, EXRME T 2B, A%
R ) 8 T A % L R BRI U Ty SR ST, A H 1T
PRI TR SUROVR 77, Hordr, BHRBOBLAE 5 i
Yy 3 T S G R R R FCATL ) 4 o) R k2 T
SUAHES, REHESDBRE SEBL “RRIKIET. “RRThAT”
BERE A — U K BE G BRAE 5 T 2 5 e ) 2
SLhit AR HENL MR AT BIERA St . BUTRESE
AR LR GETHBRHE R, Ak 7 EHL I O E
F S0 o) R I T ) RO A A AR AT A
FORM b — SRR BRHEBOZ AT o SR T R i
PRARE LRSS . B EHOR A IS AT I DL
7 B0 B R S T VE A AT A N A

PR AR 1 2 B B HE O, A R
R AIE Bt 2 B R A S A% O, FLHER I
AL {5 B TR TRz o s A i B L
o BB 7 K B HE R AR S 7 i R HEUA
2, RUVARAEHERA 7+ SRp e i AL A bR, I
HECESE T HIBR 7 5 s s AT Bl A, Hofi
BOM, EHTAMESEGERE, ATk Z PR
77 A3 BRI A O DL 58 BB HE U SR HERK
PRI AR R B SE S DL AT 209 3 2K 1) &t
WA T2k & BT e H S, BRI A B4 70 1
FEEA AT 3, e A v 5 R e, (R
AN AL BRI S okt ENm)
Tl AN ALK 20 SHRIEREAT RO B A I,

http://rlfd.cbpt.cnki.net

T T AT AR A TR R 1 R R RS T R K
Ty 3) AR, BE T S
BN A, B SRACAL & B AT By T
TR EIE A (EPHR R P ZER I E D

HAT, A3 BRI ) R BT T A A
JREEAT IR B B SR 2R A, DRIOE 5 2o A Jp 4
HEAT REIFE M RAIFETR R H AR, DUE
Je BRI SEI6 = o M REARRHERA AR SR 4Ly, A
[0 SRARE R S A P2 A 4 R R s CRREAE P 1) 4 757250 (GB
474—2008) DOHEAT . ML B AR H AR & 2 ik
T, iR RIERARFE MO LA W, IERFE i
MNREERE EAZE 6. 7 MRS, FEMGIER
ERBANERRT . 54, )R Z S
B, DABRRR AR, HE—0300 7 N RIA )
SIME, BRAR T RESIARERYE. M) —RE A A 3R
HIREDE B AT IELRAE, JRE IR SRR, 1Y
TR FE R L SOIN 3 o 4 70 VR 5 i it SR B2
FEM “AREME” .

Hul, AR HRERPOES T ARG : b
Koy B IR (PGNAA) M XUAER v 4
LRIEGHELAL KRR v TR AR, X 4 2k 78
JaiE (XRF) B4 GEZLAM6RE (NIRS) BSIAIEDL
S d T4 ik Claser-induced breakdown
spectroscopy, LIBS) 16145, g A oc2: 3 xt Lk
AR ER SEAT T, LIBS HRHTH
AN 5 T B FRUAL 2R L AT BROsAS I PR R, 7R SRR
AR AR BRI 1853 43T O T A KL - LIBS
T — MR TR RS RS TR, 5




150 kA%

2025 4F

G TiEM R, BATGE. ZHabRFEZ 5
AL . LIBS F A Bk isotidnd 58 A& il ne & 2R
FEAEREMR I, BORFEM ™ ESE TRES, Hia
AR R DGEDCHAT GG 70T, B2 e R
PSR, HAT, TRIIFFK THRBEE IR F
TR T 43 BT 4R AR A AR 1) v ks I 2081, (H ik
FERE I 3 LR BRI AN %, SRy 2 2T e
R IVEIE LR AT b, SIS = AT & kAL
I BT o FESEIG =0 2 BT AT A
SOFE A%, BIRER (RS, 3T REE RN, i
SO (RS TR B e T T A A T AS
T HIRES AR, AR, ] RAPRE SR O
BREHE B Fhidk AR ER2NE i R A BOLRER . 1L
JEAEE BRIRST . SEIRSH. FEARRN S5 R R X
LIBS St o 5 R 52 0], B H mT S S FH PR 1 s )
T RS St ik, Ik B2 T
LIBS F1 XRF BEH M Z N1l ik, Wit 7 —MiE T
B R B PR A BT A, AMUKHE T LIBS 4
TCERAMTHIRAL, B4k K T XRF S b A s
AT TR 0 R AT PR 22 A

ALIFRET LIBS HiARWIFT, a0 FH 25k
T3 A LT B A% B N 8 ) R o i s I3 4
Mro Sif /D T35 (PLSR) #EE T B 4r
PEE B ITIEA, T8 H TR S =S, S
I3 M B8 IR 1% 07 VA LR B TH B OO i & E ) R
RR B o mT AT
| RBRESHS
1.1 %R LIBS R E

HHT, LIBS B T H ) SRR 3= 22 R H &
FFE AL B R - LIBS Al R4 3 i
i WOLRAER. Z@EEEAC SR AT
G BRI RN L RO R K
oy (B 1o AHRH E o s /5 6 5 dt idh 47 il
AbER, FHERSMCEMES R, K TR
FEFE R, S2ma 7RI (E R RO R, Tovdaim 2
KIBAEHE BRI FRE R 7ok, B HE
BN R AL ER AR N DR, X675 LIBS JE v
R T VEAESRIEE BT HE T A A7 AE A A o

D R HLT ORISR F b B s W ) 75 2K
ASCHH T — ML T 0N F BRI, BB
K FH A% S8 A 36 Ao i st 75 i FH 0Bk UKL 3E 4T LIBS
PUEATI AT S0 Z7 RHESL T AT SR A
H5HFER S =BT P2 I8, R T

http://rifd.cbpt.cnki.net

—EEM T SRR BRI LIBS PR A
MBL%E, AIMHR AT IRCR , BRI IR
MBG FEASSY, Dt R SRR S

Rt Nd:YAGHUG#% DG5354% ] 2%

g

—
s S — Wit
in’t&ﬂ 4\'”&%2* 2 u 3 4 L[wm

FEFE \ HeLf J
#5 R L\“/ /T/ 5

B 1 E#EFH5S LIBS BN AKRETRE
Fig.1 Schematic diagram of the principle of LIBS detection
system for coal pellets samples
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Fig.2 Schematic diagram of the LIBS detection system for
coal particle flow samples
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Tab.1 Quality indicators of the coal samples

Bl A/ Tl Koyl ¥ERS TEER
GE (MIkg?) % % % %
c1 26.29 6508 1471 3827 4701
c2 27.03 6402 1228 4010  47.60
c3 27.70 6450 978 4001 5020
c4 27.65 6319 912 4032 5054
C5 27.71 64.05 9.61 40.87 49,51
Zlfl c6 28.00 6439 890 4066 5042
% c7 28.03 6413 1045 3804 51.49
cs 27.64 6225 944 4119 4936
co 27.22 6246 1027 3959 5012
c10 27.36 6222 1059 4055 4884
c103 22.35 5474 2900 2960 4140
P1 31.60 7774 1106 2428  64.66
P2 29.14 7208 1092 3310 5598
P3 24.72 60.74 2294 3119 4587
P4 28.90 7657 1599 826 7575
P5 30.41 7873 1323 836 7841
Zﬂmu P6 28.12 69.12 1395 3260 5345
e P 26.72 7183 1990 748 7262
P8 27.28 67.66 1828 2689  54.83
P9 2655 6497 1962 3039  49.99
P10 20.20 5019 3401 2406 4193
P20 28.55 72.46 16.11 12.25 71.64
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Fig.3 LIBS spectrum of coal particle flow sample
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Tab.2 Prediction performance of the regression model
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Fig.4 Quantitative analysis results of heat generation
in dry basis
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Fig.5 Quantitative analysis results of carbon content
in dry basis
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Tab.3 The partial detection results of LIBS detector for
national standard coal samples
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Tab.4 Accounting methods for carbon emission data
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Tab.5 Partial coal carbon data for pilot power plant

FRUERE S, LR A Qgra/(MJ kg ) JLE B Wa(C) /%

AR Al A ZHH AME
GBW11101-r 31.60 30.69 71.74 77.99
GBW11107-m 29.14 28.54 72.08 7179
GBW11103-n 28.90 28.56 76.57 75.59
GBW11104-n 30.41 29.11 78.73 75.56
GBW11108-u 28.12 26.92 69.12 67.76

PRI 1R 1.04 1.94
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1 5784 284 6508 6545
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3 3778 19.7 6451 6324
4 4211 216 6319  63.79
5 4082 21.2 6405  66.22
6 3649 19.2 64.4 65.7
7 4943 208 64.13 63.27 62.57
8 3959 17.7 6226 6357
9 4251 17.7 6247 6431

10 4974 208 6223 6153
30 3004 156 6433 62.98
31 3049 216 6491 6481

4H 139 039
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Tab.6 Total monthly carbon emissions using three
different methods
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Tab.7 Test results of shrinkage samples from pilot power plant for 5 months
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Tab.8 Test results of different methods for 5-month monthly sample reduction in pilot power plants
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