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Abstract In order to explore the expression law and determination method of ash content and calorific value in biomass
energy utilization, the ash and higher calorific value data of 380 different types of biomass samples were obtained from
literature published from 2001 to 2021. The determination methods were analyzed statistically. The results showed as
follows: 1) The influence of different calorific value determination standards on the determination of calorific value was
negligible, but the outcome of ash content determination according to solid fossil fuels standard was significantly lower
than those of biomass fuels. 2) The ash content of herbaceous biomass ranged from 7.96% to 9. 19% . which was
significantly higher than that of woody biomass from 2.26% to 3.37% . Its average calorific value (17.45 MJ/kg) was

lower than that of woody biomass (19.61 MJ/kg). 3) The high calorific absolute value of herbaceous plants was
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negatively correlated with ash content (r 0.567 —0.918), which was higher than that of woody plants (0. 136). The

coefficient (R?) of determination between high calorific value and chemical elements (carbon, hydrogen, nitrogen,
sulfur, oxygen) content was 0.936 7—0.973 7., higher than 0.812 0 —0.971 4 with ash, volatile, and fixed carbon.

The former function had better fitting effect. 4) The deviation of biomass moisture, ash content and calorific values

predicted by the model established by NIR technology was basically less than the repeatability limit of the reference

method. The method established in this study was faster and had great application potential in the biomass industry.

Keywords biomass; calorific value; ash; correlation; near infrared spectrum technology
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Table 1 Standard and main instrument for determination of biomass ash content
EEE IR PRt i FYE F R AL RS SCk
Country or institution Standard Application range Main instrument and model Reference
1SO ISO 1171-1976 EIREN IR/ &g Vulcan TS [19]
EN 14775:2009 AT Pk i g [20]
CEN CEN EN 14775:2009 IE A4y SRR [21]
EN ISO 18122:2015 EIREN R Y/ PAY S g g [22]
EN ISO 18122:2015 EIkEN 7Py 53 BT AL [23]
7 [E China GB/T 36057-2018 Molk A= Py o
ASTM D5142 RO IR W4T TGA701 LECO [24-25]
ASTM D1102 A FA [26-27]
[H America ASTM D1102-84(2007) A FUA ] [28]
ASTM E1131 I A R A ME ML TGAQS0 [29]
ASTM E1755-01 Iéi A 21 ) Jot g g SX2-4-10, KSW-12 [24,30-31]
B Germany DIN EN 14775:2009 I % A IR [32]
DIN EN 14775:2010-04 IF A A= 90 R [33]
= RA Ttaly UNI EN 14775 (i 4 A= 0 e L #fi 4 Lenton EF11/8B [34]
FE/R4ETF Serbia SRPS ISO 1171:2014 I s A= W ARk [35]
P4 Latvia LVS EN 14775 EIkENGE 7/ [36]
% 2= Poland PN-EN ISO 18123:2016-01 RGP 3 S Y TGA THERMOSTEP [37]
Hr ik 4 38 Slovakia  STN ISO 1171 (2003) IF  A=  98K R i g [38]

W 1SO, H FRARfEH S CEN, BRMARHEIL T L 45,

TH.

Note: ISO, International Organization for Standardization; CEN, European Committee for Standardization. The same below.

I 52 PAELAE Y B B SR AR 2 B G, A e T
FARVS AR E (e 2), W br AR R A E . B
BEP BT OISO 1928-2009 ¢ Solid mineral

fuels—Determination of gross calorific value by the
bomb calorimetric method and calculation of net
calorific value )", ASTM D5865-10a { Standard
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Test Method for Gross Calorific Value of Coal and
Coke) "l GB/T 2132008 ( # ) % #4 Bkl 5 7
TR 3 AN 2 BAE 1 bR A 43 BT
(0 BA JEHL A TR A TE BRI R TR IR T B S

YR 18 22 5+ DA DA A T o s o7 B4 (L 19 32

JUFEH T A 9 JBORE il B AR AE 10 MJ/kg LA L.

Table 2 Standard and main instrument for determination of biomass higher calorific value

i 0 A B R

FEUET L 2 Plvbr I A5 A 45 2R 25

e AR LA TR A AN
tt&ﬂ@%/ﬁ#ﬁﬁﬁ? GB/T 213—2008"* #1 ASTM
D5865-13M 5%

ik AR5 7 32 F

X 2 B A B o, 25 2R SR W] A A TR B9

x2 EYRSHURENENRAMEMEZERNBNE

RN

it A TR

AL bR A R A5 R R 25 Sl ok 1Y B 22 T DL 22 W
it

EPEYIRA] 7 A bR I A Y 3= TR AL B e S ik
Country or institution Standard applied Application range Main instrument and model Reference
1SO ISO 1928 (2009) [E5] (410 9 IR e T IKA C200 [38]

EN 14918:2010 FIRUNGR 7L [23]
CEN CEN 14918 (2005) [ A% 21 S 0k e [28]
CEN EN 14918:2009 [ A A W) R R [21]
GB/T 213—2008 EIRUNOREY/ P SR IV s [45]
1 China : HHGT KA C2000
GB/T 30727-2014 [ {4 A= 9 9K el
F India 1S-1350-1966 I RN 5 e oy it RSB [46]
ASTM D5865 I HHGT IKA C200 [29]
ASTM D5865-13 IR B e T IKA C200 [44]
% E America ASTM E711 [ A o7 35 A7 A AR R Bt Parr 1351 [25]
ASTM E711 [#6] 4 Io7 35 A7 A AR ) BH#IT IKA C2000 [26]
ASTM E711 I 4% 57 3% A7 AE BRoR) T Parr 6300 [31]
i BS-1016, part 5 1967 TR £5 5% ey kit RSB [46]
4t [H Britain
IP-12/63T RN By m it RSB [46]
UNE 164001 EX [ {4 A 0K el m T IKA €200 [19]
PEFEF Spain
UNE-EN 149182008 FARUNGR 7L H & #31 LECO AC500 [20,22]
DIN 51900 RN IR RN S . [47]
H T TKA C4000
5 Germany DIN EN 14918:2009 [ A A R R [32]
DIN EN 14918.:2014-08 [ {44 Wy % Bt H G IKA300 [33]
B RH Ttaly UNI EN ISO 18125 ] 4% 2= W A fE i #iT Anton Parr [34]
FE/RYET. Serbia SRPS ISO 1928: 2015 [i] 410 4 R e [35]
hr 4 Latvia LVS EN 14918 FIRUNGR /RS BT IKA C200 [36]

2.2 AEXBLEYRRSSEMAENER

28 3 T 240,38 3 % 380 MREA M BT L AR AAE Y
HRERBEYK S S REESBE . BAMEY T
TRy S hE R 7,96 % ~9. 19 % o KA W) 1Y F- 24 JK 43
TN 2.26%~3.37% R G E K 2~3 fF.

HARMY P, BT AEY K S AR N
2.67%~23. 70A,m+xxd“ﬂﬁﬁ%(2 93%~20. 15%);

M7E ST iR v C R B I 2335 8 (9. 1900) X
w T Gy MY (8. 7800) o ARAEY) I A W Y F-

WIRAY Gr N 2.65% ~ 3.37%, & T 4 M4 4



164

hOE R R R

2022 4F 55 27 %

(2.2620) s W@ WHAE W) i H S AW 09 K 43 7 £ 007 1
HR 3. 37%, & F V& A W 09 K oy & & 7 1A
(2.65%).

AN ) A ) A= 0 o 25 1R ) T 25 S5 3/ R AR A
YIS BB 17, 45 M/ kg, 11 AR A HE P 1 F 35

P K 19,61 MJ/kg(F 3)., FERHAMY P, BT
A 490 1 B A 4k R 10, 49~20. 68 MJ /kg, R T L
T (13, 70~19. 45 MJ/kg) s 7E R A9 v s
V] A 0 B S 3 BV R 18, 69~19. 44 MJ/ke AR T
EF A (20. 69 MJ/kg) .

K3 FRXBEMRH KRS EENSHARE

Table 3

Ash content and higher calorific value of different types of biomass

e i BB/ (MJ/kg)

AP FEA B K4S i/ % Ash content ' -
Higher calorific value
Type of biomass Sample size

T /N 5N T SN K
5K - C, ¥ 63 8.78 3. 46 23.70 17. 89 10. 49 20. 68
Herbaceous C, H¥ 9 9.19 2.67 15. 40 16. 85 15. 48 19. 60
plant WFH G, W 43 7.96 2.93 20.15 17. 62 13.70 19. 45

A ol

A A W - WLk Y 164 3. 37 0.14 27.70 18. 69 13.70 24, 40
Woody AN 63 2.65 0. 37 9.13 19. 44 16. 20 23.50
plant i WA 38 2.26 0.16 10. 40 20. 69 16. 80 28. 41

TE O 0 SCROR IR D9 [8.[19-38 JM[44-63 ]

Note: Literature number of data was [8], [19-387] and [44-637.

2.3 AYREMESKETE . T LASMEXYE
HH % 4 ATAN, 2 B0RR 2 0 A W i RGBS R 4y
T UM G L A O R B GO Y 48 W (L AE 0. 504~
0. 948, A8 Ak 71 il 45 K o (H B Y R 10, A A 40 1 o7 3R
55K & r B4 (0. 567~0. 918) B &= T

KA r B4 SHE (0. 425~0. 504) , A HF 5% fr ik
RSCHR Y 115 (R REAR Y BT » 25 —0. 567, K
ASAE) R 8 A JTT A= 0 5 6 TR A v A AVE R B
Iy BRI - 0. 425, T 92 H A | A JRR 8 25 RO

Lyl
SBIEAE, r 13K 0. 504, ARHBFFE RN 265 hARAR

R4 EYRBURENRS SENEXE

Table 4 Correlation between higher calorific value and ash content of biomass

Y A FEA & AH K R EL
e BE 2K b T Sk
Type of Sample Correlation
) Type of sample ) o Reference
biomass size coefficient
‘ SRR NERE KRS EORES 172 —0.918 [45]
AR G NS 40 —0.590 r31]
Herbaceous
plant IKFERE NFEFE  EORFE SRR AR AEFS 200 —0.630 [64]
A5 Fh R A W T 115 —0.567 KNS
AT A ) Jot 43 —0.425 [65]
R R
ARG JEE S ST M A A R 15 0. 504 [66]
Woody plant
KPP AR AR L Yy B 265 0.136 KN
EASAARS MR EAMER 52 —0. 480 [67]
FH I i EBE A IR SRR RS ROKE UK R Bl% 25 —0.948 [68]
Hybrid plant 2% iR 4 0 R EURY 380 —0.416 ERIE
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AEL A0 1) 1o 5 R 0K 43 5 ok 0 AH DG PR SS , r AU
0.136. J3 4k, FEARFUA AN Y IR A FF b 04 & A7 4 E
FIK 43 25 He 52 A S L - e XHE AR FE M 0. 480~
0. 948, M AW 5T KA/ 380 MRS B KL B r K
—0.416,

128 5 A1, A2 W o e o BR(E TG 20 Ak 2 T
R VE VA D 1Y B AETE 2 00 oRBUH 1
HR? 4846 N 0,936 7~0. 973 7 4= %) 5 e r A E AN

Tl 4 43 v B K A3 T E Bk LR S & AR AE £ 0T
PRBICI AR OCHE L R A2 4Kk 0. 812 0~0. 971 4,
IM Huang %% b 3% B K R # RN G TR A 2B W
JEFARF 14 8 A7 R R 4 Al AT 22 M — e pR BOC
ZL,H R A3k 0.880 0, RV F . i T HE I E 1Y
SEA ALY e e it B Ak A BT R R BB L S5 4k
SEOGE S A B A DGR AR B AR W T O P S R
G KAy H TR AH G AR A L )RR e TR 2

RS5 AEYRBNAENABRUFZFTEURELS BER KA SENRBXRARBX M

Table 5

Functional relationship and correlation between higher calorific value of

biomass and its chemical elements, volatile matter, fixed carbon and ash content

- § B R (A RXAFO ‘ B
mH 2H A i ) : FEA R E R EL 3CHik
Functional relationship ‘
Item Composition Sample size R? Reference
(Formula number)
17N AN~ W TN FIL— KA 39 0.944 1 [70]
1= = W=} POt — K R (D 39 0.944 0 [70]
AT 3 WA VA = — WD 39 0.943 4 [70]
Chemical element  f 4 IR (D 39 0.936 7 [70]
1= =) IR TR 80 0.943 0 [71]
V& Za— WM 44 0.973 7 [72]
Y8 K41 8 2k KA =IL— IR (2) 27 0.827 0.0.837 0 [73]
¥ Ay | 8 ik Za— TR 27 0.826 0,0.812 0 [73]
Tl 414 .
[ 7 e K 4 TR RR(2) 27 0.827 0,0.832 0 [73]
Industrial
R KA ZIo— KT 27 0.827 0,0.823 0 [73]
components
8 & 4 | T 28 ik Zam— AR 44 0.971 4 [72]
WAy —JL— KR 222 0.880 0 [69]

2.4 EAMKIERARNEENRAKS KSEEM

REZRNSH

HH 3% 6 AT, B, AR W B 21 A R T A AR
ShAHEERT 43R 1.0 Fl 50. 0 mm, FHAHEETE 1. 0 mm
S VLR B R oK 3 S B R AL 19 R IE R TR E R B
(RI) M 0.54~0. 86, K 1E FE ) J7 R % 22 (RMSEC)
FI SIF 42 2 77 M 1% 252 (RMSEP) 11 728 4k 23 51 4
0.30~0.80 F1 0. 29~0. 99;50. 0 mm F£ & 7K 5 &
AT R? N 0. 84~0. 94, 1 4% 1F 48 ¥ 7 AR iR 22
(RMSEC) By75 4k g 0. 38~ 1. 96, 46 IF £ 44 77 # 1%
#(RMSEP) }y 0. 44~0. 70 A [ 40 £ &£ & 19 K 43
LRI R? M 0. 80~0. 99 . RMSEC A 0. 28~0. 71,
RMSEP 2y 0. 43~1. 03 ; A~ [F] 21 B A i 19 4 158 Al
) R> J 0.82 ~ 0.96, RMSEC & 0.14 ~ 0. 29,

RMSEP 0. 17~0. 33, AR 4 A5 580 01 & 1 9 4 b
WETY P BB T 1LY 7 AR R 25 LA
AT BB X 2 B RE 4 B AR R A b I 22
VR B A 2 0 X A A ) 0 A B AL B KR
KA R AL 7 AN Frh B RS E AR AR AR >100
BIAE 4 A5 Ky AL 8 A, Hrp B ff A I 4B 1Y)
FEAR>100 M9 4 A s = O A EAE AL 3L 5 A4S, B %
EERREA =100 B9 3 4> Higedh 9 SRR RE A
B PR A, WK 6, AL IEEREAR
s/NT PR 6 %, BRI R e M R A R SR E .
B T AR TR A S0 RO A L T A 2 N D
TZH I, 75-76 i E AR, 75
RS E S SR EEE W FIW R 2 — L5 A X 20
AL, P FRUR R TE 8~12 A 7 A, Ul B A B0 45
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FoE . TROE REL R R 7 iR 22 (RMSE) 21T
AR f) LA R0 0 T R 7 ) B AR T K 4 PR
MBI R?>>0. 8 . RMSEC #l RMSEP ¥<C1% , it
AT (8 400 1 B0 5 R A BB v A — AN L
R: 20,80 B I, Al 45 A 9 RZ #F > 0.92,
RMSEC Fl RMSEP ¥7<1% , i WA B 5 40 & P AR 4
EAHERIAYAY R R RY ¥2=0. 82, RMSEC<C0. 30,
RMSEP #: KA 0. 33, 7] WA PE 38 45 (36 6) .

3 3 8

A5 25 R R AR ALY 5 TR KW 0K S
WESEE, BARMEY AR AR YK SR
2~3ff%,1X 5 Tao F* WML N —,. X & T
RAAEY) & 247 LE W) BT 3 5 . [, Tao 555
I KB C, M L C, W 0 K A & A, X 5 AR
T LS A — 2, AT RE 2 i T S B BT 5 1 R i AN
] BRI 2 R WK 43 B B 25 R /N IR AR 2 1
ALK, T E i — R E

B A - B E N 16, 85~17. 89 MJ /kg,
WA T AR A HE 1 (18. 69~20. 69 MJ/kg) , 3 42 F
AR A By v 1 e R A R L T AR LR TR Y
A S E AR SCEN Hod AR P Y PR
FE YA (10. 49~ 20. 68 MJ/kg) 28 4k K T 3+
AR (13, 70 ~19. 45 M]/kg) ; i £ A A FE 9
] I ) B S B (19, 07 M/ k) R T 4F -4 4
(20.69 MJ/kg) . M & 219 SClk b4k A5 508 . A
[Fi) 2 780 1) R 0 P AR S TRD K AR A A /N 1) A ) T
Tt 245 T A5 45 S 0 M B M S 5 B R 2R BRI

AR 13 Bl A SRR T (REAC R Ry 5~ 62
A ST AR FAME 5 K 4 FK 43 5 B ot R A B
B RS B OKG NER A ST RB BER
A6 H A R LT fz 36 8 AR (1 He 5 RABL(RY)
#524 1.000 0, P REGR R AT o [ AR A R Y AR
S 43 o PR AR e AR S L) HLEUE S 0~ 1,
FEAT 1 AW [ A e AR R A0 AR S L L S o E R
R 1,000 0 B, BEHH A AR AR RE T AR AR 0,
PAERR T 5 K43 MK 5y & s A 8 52t &R .
257 N S B 5 N S SR D= s (R
IR SRR A 25 5 BT DALEE K 43 K 5 5
POAR GRS LA AN AT REFRRE T A AR 5. PR
K G o 5 I A AR 6 o B Y L A T
IR A 1 U RE W e 2o K (A 1V W [ A
W, A O G BT BB RN K 43 5 o A R DG

SZAE ) AN () 0 5T AR AL DR ER A 5 e ] el
W0 114 A= 0 T At 2 T ot B8R0 A A S R — 3K
PR . T PA 25 25 B R I 2 A 1 DX ) Vi 4K T s
T T 85 o 1T B8 147 A2 A0 (L B 5 A e X ) 96 B T 8 1T
REARE . BIOm I R (E A 7 B 2 Bl P At IXC 26 B 1Y
P IR L Bk AR AR AN B 4 (7 4 5 A T il A
T X 26 B Pt A TR A,

Xof T R R A ARG T B AN A R AN I L A R
ST 5 A A B ] 1 eR OGRS AR S — TURE B HL
AW TAE. B R EEHAILYHR, &6 K
Eg e i ST A R VAR B URAI )\ oh s NE S E N 2
f AR BOGTE , R A2 T i 2 Jr i K Sy RO
o PP B0 ' T A AR DL S TP S A RS, A
FH AR 5 /) — 3 [\ ) (PLSR) F11 8k 37 i 45 /1y — 3fe [1] 19
(MPLS) J5 1 5 37 & AR i o D B S 4 )
AL G 2 S FAE L LM R E ., kK
IR AR 2 B X HIL 2 2] T A AR AR I, DL
SR RN T B N B d B RRE 100 Y
FEA T A BB 38 BT 1 R o R O 3 41 80 o 3 A
P14 2 505 v A PR AR 2 P ) vk T B R S AR AR B A
ARt e S A, B, R BEUA IR J& A PLSR Al
MPLS F %, 2 UL 2, K50 48 b5 & Lk T L
B4 S5 WA HLAY BRI Je 0 TR 4% 1 o T3 2T AP i
FoAR — T I05E A HLY) 2 & 2 3 7E R 1A
TR A 1 K 3 LA 43 5 A WL L 45 RO U8 6 1
— S, R s BE R AT AT 4T Al 3 R A

1% #®

1) 2 W TR i R 3 3 i ) R AU AR BN
Fh 4P R S BT AL, B2 I R 43 a0 A A R Y
PR35 A T I R 6 | 23 R 2 T 5 BRIk [) L, S5 AR Y 2%
RURIRLS JC G T AN )4 o 45 R LG8 FH LR ) 5
o i 25 A 2 5 AR R P R b o D
PR R A o 5 R 0 Wb ST 4 PR A ) R R B

2) M TR S A I S AR 3 O AT R
IFi) ) s 9 X AL 000 2 1 5% i) O 22 S TR I L33 22
2T

30 KA [R] AR W Jo B 5l i T B A A ) 1Y) AR
RSN 7.96% ~9. 19% . i T AR AM Y 1) N
2.26%~3.37%  fH HIAA (17. 45 M]/keg) HL T
ARAH Y (19.61 MJ/kg). C, ¥ ¥ K 4> & &
(9.19%0) X T C, HP(8.78%) .

4) BEAS W) 1) e 0 B 55 K 4 kA DG M v
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FARAN Y A G . BEAAE ) A W 000 K 4 5 ik
HT7.96%~9.19%, W3E @ T AR 2. 26 %0~
3.37% A HAAE (16. 85~17. 89 MJ/kg) ZK T A&
AFEY)(18.69~20. 69 MJ/ke) . 1w f AH 5 1k JT
il A EL AN ED & B P Rk 0936 7~
0.973 7, T 5 K4y ¥ K 43 F A Bk 3 42 19 T 8
FH00.812 0~0. 971 4, 4= ¥y it e or 1l 5 k2% o
FomEmNREEE

5) X T AR W SR it (7K 43 IR 43 B i PR, I
FHIT 21 A0 615 e AR DU 55 /) — 3 81 14 (PLSR) #l 2L
HE B/ 3 [8] )9 (MPLS) Jy 325 8 37 28 P 5 0, 45
RUTUN A G BE 308 WU 25/ T2 % k&S
PEFRR . 2 ANRESL AR (1.0 F1 50, 0 mm) X A5 51 44
A B 0L PR TG B 3 R
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