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Abstract — HHV (Higher Heating Value) of biomass fuel is calculated by using ultimate analysis data and
has been proposed by using correlation equation, and compared with the experiment the adequacy about
each correlation equation with measured HHV and examined. Samples used for experiment are prepared by
mixing biomass (ie. rice husk and sawdust) with organic waste (i.e. polystyrene polypropylene and waste
paper) of 10, 30, 50 wt% of composition. Ultimate analysis and measurement of HHV are respectively mea-
sured by using KS standard method. The average error value of estimated HHV results is about 880 kl/kg
(about 3.8% of measured HHV). The corresponding correlation coefficients (R*) of experimental result and
estimated HHV result are 0.957~0.996.
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4. dnt o F

4-1. dAEN 2o ¥ FEERYEM WY

8 nlo]evlxgl kA9l FHE, polystyrene, poly-
propylene, | Fo]2] zbzte] AlEol digh 7)28A A
= Table 1o fokalgic}. =5t S2A9} Fboll poly-
styrene, polypropylene, ® o] 5% 10, 30, 50 wt%
Arele A=t 2 E2UES] Y4PAN HIE Table
20l ehiigle}. gabAel Egte] ohd EwFq] Ejtel
7] wjiell £ Sl g A4EA A i A
29) Y2EA Aaje)] BFEE sl 42 At
Z=t 4R8I

APE B3 42 AgA 2 594 vl ez
ol 97, B, # Fol AAE AAALE de] AR
|31 gl Vienna University of Technology(Austria)®]
Bio-fuel DB9] dlo|E{¢} njwat A} FARF Zho] e}
e,

ulolemjarl 7]Rel A 7HA] AR BF wih,
&, ARA R F darA] FAXES] HHE(93% °]
hE AXSE UK - EA el 3= 9l
= h AR 9AT) 4264 wte, FH] 6.086 wt%,
¥ Fol7t 524 wi%E 27 AABAS. Aoae Azt
o2 vl$ 2L oozl EAsiglont, Aot H
£ N s o, $A9 7S dubAoE FALEe| A
S A Al "aA ¥ EE ARl At ol7] W
o 27 ulo] eujsel wjs] Ak Ae] wol THF
o} ok A7 $= Qo). ] A RE A2 Q)
014 ZAERA X (10 ppm) ©|31S] Fr|ke]H).

Table 1. Ultimate analysis of biomass materials and organic wastes (wt% on dry basis).

C H N S 0
Sample Materials ; : H : :
No. CXPEIl ofa  pefe SXPETI ope pepn  CXPEIR jopa e CXPI opa pet P pepe ref?
ment ment © ment ment ment
1 rice husk 36.07 39.65 - 426 4.88 - 035 092 - - 012 - 5932 5443 -
2 sawmill 4824 49.00 51.3 6.09 6.00 6.13 - - 012 - 0.10 0.02 4567 4490 4243
3 waste paper 39.95 43.40 493 524 580 7.07 199 030 0.7 0.02 020 0.15 52.80 50.30 42.78
4 polystyrene  84.45 - 923 1538 - 7.70  0.13 - - 0.04 - - - - -
5 polypropylene 8500 - 8560 1423 - 1440 071 - - 006 - - - -

note :

® is a biobib D/B, database for biofuels, www.vt.tuwien.ac.at/biobib/info.htm]"

® is ECN Phyllis D/B, the composition of biomass and waste. http://www.ecn.nl/phyllis/®!
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Table 2. Ultimate analysis of mixed biomass with organic wastes (wt% on dry basis).

Sample No. Materials C H N S 0

9 rice husk+waste paper (10 wi%) 36.458 4358 0.514 0.002 58.668
10 rice husk+waste paper (30 wt%) 37.234 4.554 0.842 0.006 57.364
11 rice husk+waste paper (50 wt%) 38.010 4.750 1.170 0.010 56.060

6 rice husk+polystyrene (10 wt%) 40.908 5372 0.328 0.004 53.388

7 rice husk+polystyrene (30 wt%) 50.584 7.596 0.285 0.011 41.524

8 rice husk+polystyrene (50 wt%) 60.260 9.820 0.241 0.019 29.660
12 rice husk+polypropylene (10 wt%) 40.964 5.407 0.386 0.006 53.388
13 rice husk+polypropylene (30 wt%) 50.752 7.701 0.458 0.018 41.524
14 rice husk+polypropylene (50 wt%) 60.540 9.995 0.531 0.031 29.660
18 sawmill+waste paper (10 wt%) 47411 6.001 0.199 0.002 46.387
19 sawmill+waste paper (30 wt%) 45.753 5.832 0.597 0.006 47.812
20 sawmill+waste paper (50 wt%) 44.095 5.663 0.995 0.010 49.237
15 sawmill+polystyrene (10 wt%) 51.861 7.015 0.013 0.004 41.107
16 sawmill+polystyrene (30 wt%) 59.103 8.874 0.040 0.011 31.972
17 sawmill+polystyrene (50 wt%) 66.345 10.733 0.066 0.019 22.837
21 sawmill+polypropylene (10 wt%) 51.917 7.050 0.071 0.006 41.107
22 sawmill+polypropylene (30 wt%) 59.271 8.979 0.213 0.018 31.972
23 sawmill+polypropylene (50 wt%) 66.625 10.908 0.356 0.031 22.837

Polystyrene?} polypropylenesilA 13ebt A2} (Table 1
F2y= ECN Phyllis, IEA®) Bioenergy Task 32¢] ©
o[B8} nlmgl A, polystyrene®] A-$- Thax Ape]7}
Webgevt, polypropylene®] 73-¢- 9] dx|3h= WAt
< vieblieh 7 ule] emlis Aitol AH7VES) A7kl
- HHV #1315 B7)908) dae A8 sl

4-2. 19| LPBMHHV)R =4

N A= oA Bl 4] xF dEAA (Auto
Calorimeter, AC-350, LECO Instruments)Z ©}-&38}e]
a9 LdgE FA3 AHE Table 30l ebfiet. 2
A=A TEAR EAQ)  polystyrene(47.613 M/kg)S]
HHV7} 7V =2 A2 yepgen, Polypropylene
(42.640 MI/kg), E4H(19.463 M/kg), o](15.577 MJ/

Table 3. Experimental higher heating value of
biomass materials and organic wastes (dry basis).

HHV (MJ/k
Sz;nple Materials ( 2

0. experiment  ref®  ref’
1 rice husk 15.46 15.35 -
2 sawmill 19.46 20.51 2048
3 waste paper 15.58 21.23 2139
4 polystyrene 47.60 - 42.40
5 polypropylene 42.64 - 47.30

note : * is a biobib D/B, database for biofuels, www.vt.

tuwien.ac.at/biobib/info.html™
* is ECN Phyllis D/B, the composition of biomass and
waste. http://www.ecn.nl/phyllis/"

ke), 7(15.464 MI/kg)?] S0 F ZA =

ulo| Suja EAle] f714 S71ES £ AR &
Ag HHVE Table 49 Viepiigled, £714 s71&<
polystyrene, waste paper, polypropylene®] E3iu]E&
o2 HHVE) W3S Fig. 1, 2, 3o 22 Jepislet. 2
Hol| A HoeJFFo], zhel] oJ3t Wizt 5 =& 27 HF
29 oAk Holx] Wi, §714 w71EL] Al &
3 AgR e Zv), v sl Aog eyt

4-3, HHVS| &zt ®I}

E3lo 4719 HHV &€& 2d 3 B A§3 FARE
Z79] 10) 22& A=sle] 2 Q7o) 2HEAZ. 10
A ARAA A A8 A AEASTHE YAF
< folaM dAET £ oo, Mubel A7t AAEAA
4ol Boiele] A]& wlg] &2 arjE A5 AREHI gl
o} B2 o wdo] Ao Hel oM wel &
253 glon), ot B2 o] FA g,

1) AEAHRS Foe) ¥5
2) 2 A} dBeA dgt TS
3) o] BHQLe] Ha T2 $E

HHV o2 28 Qabshlyle oee) 4 (0 2ol
hepasalet.

HHV=bC+b,H+byN+bO+bsS+b, )

A7IA] b= 77te] RSN FalRl ASE e,
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Table 4. Experimental higher heating value of mixed biomass with organic wastes (dry basis).

Sample No. Materials Higher heating value (MJ/kg)

9 rice husk+waste paper (10 wt%) 15.48
10 rice husk+waste paper (30 wt%) 15.49
11 rice husk+waste paper (50 wt%) 15.61

6 rice husk-+polystyrene (10 wt%) 17.54

7 rice husk+polystyrene (30 wt%) 24.63

8 rice husk+polystyrene (50 wt%) 30.95
12 rice husk+polypropylene (10 wt%) 17.94
13 rice husk+polypropylene (30 wt%) 22.96
14 rice husk+polypropylene (50 wi%) 29.35
18 sawmill+waste paper (10 wi%) 18.65
19 sawmill+waste paper (30 wt%) 17.69
20 sawmill+waste paper (50 wt%) 16.48
15 sawmill+polystyrene (10 wt%) 23.16
16 sawmill+polystyrene (30 wi%) 29.18
17 sawmill+polystyrene (50 wt%) 35.68
21 sawmill+polypropylene (10 wt%) 20.43
22 sawmill+polypropylene (30 wt%) 24.64
23 sawmill+polypropylene (50 wit%) 30.13

50

HHV(MJ/kg)

10 +
0.0 0.2
raw biomass 100%

04

45
%
s
L
E
rice husk + poly styrene rice husk + polypropylene
=~ sawmill + polystyrene - —— —  sawmill + poiypropylene
. 15 N )
08 08 1.0 0.0 0.2 0.4 06 08 1.0
raw biomass 100% polypropylene 100%

polystyrene 100%

Fig. 1. Effect of HHV according to additive amount
of biomass and polystyrene.

20

wul

HHV(MJ/kg)

rice husk + waste paper
— — sawmill + waste paper
10 - L

0.0 0.2 04 0.6 0.8 1.0
waste paper 100%

raw biomass 100%

Fig. 2. Effect of HHV according to additive amount
of biomass and wasted paper.
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Fig. 3. Effect of HHV according to additive amount
of biomass and polypropylene.
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Table 5. HHV correlations and their evaluations.®
. AAE ABE  Coefficient,
No. Name of author Correlation (HHV, MJ/kg) (%) %) R?
(1) Boiel™®! 0.3516C+1.16225H+0.0628N+0.104658-0.11090 11.257  -3.732 0.994
(2) Lloyd-Davenport™ 0.35777C+0.97757TH-0.005938N+0.111878-0.084510 10.115 2874 0.996
(3) Wilson?+1 0.32787C+1.40056(H-0/8)+0.207686(H-0/8)/2-0.02419N  13.208 —4.134 0.992
+0.092628+0.099412(0/2)
(4)  Tillman™ 0.4373C-1.6701 11.540 —6.340 0.992
(5) Cnangdong Sheng and  0.3259C+3.4597 13463 -7.574 0.985
JL.T. Azevedo™
(6) Demirbas!™ 0.335C+1.423H-0.145N-0.1540 14971 -8.794 0.989
(7)  Jenkins®™! 0.301C+0.525H+0.0640-0.763 13.054 -2.810 0.986
(8) Ruyter®™ 0.4912C-0.9119H+0.11770 25.654 9.533 0.957
(9) Mot and Spooner™ 0.4925C-0.926H+0.01938+0.11760 25.639 9.353 0.957
(10)  Francis'™ 0.4302C-0.1867H—0.1274N-+0.1786S+0.18420-2.3799 31453 21.543 0.959
‘Biomass composition, C, H, N, S, O are weight percent on dry biomass basis.
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