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AT 57 BRI EIRE ~ K B0 R R ER =UEDR B R R R BT - B LIRS RERZ R B
SEEIRRLTALNRNE - TS « BMEEREFRRIS ) (K54 ~ R AERRESILY)) FHAR KRS 37T -
SERBUR R EISE /K EZUER 7 Btk B A wUE RO B (R 2 A SEE RR DT A AP AR 3.8 mm LA B 57 5]
F5 94.3 ~ 71.8 B1 43.9% - HEMERAS Y 3,974 — 4,195 kealkg Z [ » B UNRIRIA Z 7T - 3 MO 2 42
FECTA WAL 2 C (35.1 — 42.7%) ~ H (5.39 — 6.08%) ~ O (30.8 — 36%) ~ N (1.37 — 2.37%) #1 S (0.23 — 0.51%) - ¥R
B HHFR BT SO, ~ NOx FRLIRI S A (E 14 (E #E 57 1 7 (204 — 283 mg/Nm’) ~ (617 — 701 mg/Nm’) &
(1,564 — 3,873 mg/Nm’) - {& SO, FF& AR B ZE RITHYIPERAERE « BURTITUER - RATFE I RELTAE AR R
/N INDIERBIR ST ~ BOERERSTIN © PABERERIPRBER A 720 2 R RIS HYIRE -

R © A3 [ERREEEYICTAARL ~ [EIROTEE - BVE -

i

FHRIREEKEEREAREEK » S8R - PEEE - KEZE > MEYELL#E (Rico et al., 2007) » HIEHIE
KBS (224 ~ hELA - VR ) RIE > HEEWEE 2 1L - Zhang er al. (2019) FREIFENE RIEH AR E
FEMEAE ~ SEREAL ~ BREUHML » AR EMEE R - BANFFEIER T =0EE DUS/KE B - AN B SR
e EEE KT DAZK B = SRt =X [ 47 Bt R [T ) B RS o i - ST AR LR A% (DI B R 3 © i I DA
JB& 7K BB 2 4 e BRI HE I BCE IR LR - &Y il )7 N s B E YR o BLKI 7R » Hjorth et al. (2010) $5H » 1%
Tk DR o e s it B 2 i FE R S B - [EDR S % = [ET PR R/ NS oy Bl SR - I B 78 A [ET0R oo Bt i =X - ke
O~ ERAEEC ~ IR R U R ERAE LSRR - BURET Y ik 7 SN s TR 57 BRI« Burton (2007) F1 FH#5
R ~ BL ~ AR SR AR EH U EDR S 0 B EEK TP AU EY) -

FHA T BV A LEREZR ) - HBIFERE IR T KIS0 » 2K - BIFE R R (EAS IR - BRI FREEM (&£
Y& - biomass ) 4 FEHIEEOREIR H a2 FIE W - B EMRIEB R ERECTAAR - TESE - EIREILE - 2@t
A~ FEEERIRL - HERZ T LA = RAS R X o RS (2001) SRR BRI BRI SRS - BT AR T ALAYERE
BEZEYITAERRRE (refuse derived fuel, RDF) i » 7~ ERRE] 90 4 & 52 A B & 200 kg/hr 2 RDF-5 7 e BRI B g T
W WESERE TTEEY) N — R ERBEEY (BRIPE) BT S MHB R iT T se BRI - B E(E
UL HEEE F A FNIE 7L — 24 /L1 (biochemical conversion) » 55— fi /2 £ 22 ## (L. (thermochemical
conversion) (Yuan ef al., 2017) o B/E{LEE(LAEEL - BVLERE L EA B S HURCE ~ BT AN K2 e IR FT A 5 2 A i
B E(EAVEE ST o BB L u] i — 4l 5y F PR EE (combustion) ~ $i{E (gasification) fl1Z4fi# (pyrolysis) (Cao ef al.,
2014) - AH[E LY EAEERE (biomass energy) » F #F E R ER EEREREIEA - Bhargava er al. (2004) i7EE1E
Rt F L - S BRI P A B8 70 & 52t -2 2Rk © Tsai and Liu (2015) iAFEHE HI/KAFEE - W43 R4 FH 2 2
fE57 70 5 19.6 ~ 19.3 2 18.5 MI/kg » 27K 80% DL I o BININVARMF-EE YY) » BpOEMERER > HiE FEmes
EMERE L EE (F5E 0 2014 ) o ERECTARNEIEBRTT  RoRiREEEYEIRY ~ 4328 - B2 ~ JRANIIE R E
FRIHHEFE o Rico et. al. (2007) f5H » A EEYISHBEZR HA/N » &Kiazkeis o] 5 BETROREEHRE RS LT R
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FESL o A3 (raw cow dung) BURY 2 FERIAHAE I LA 2 SR 6% 2E ¥E (agricultural residue biomass) FHRHAR} »
SEREEZ AR M ~ AR & 2 AR (Szymajda ef al., 2021) ©

KRB AR E 2 (mechanical scraper, MS) ~ /KB F &7 7 BEH% (waterwheel solid- separator, WSS) FA#} i
FEDR T #ER (inclined screen separator, ISS) %7 UG 2 4 HE Y - EBLERELTAELARL - HIRE(I4-FE &P L
Ry AT FAEREE » [FP BB Fr BRI 22 /0544 - 8L ~ REY AL 544y » DU T g8 [E]
REPTA AR A R A 2 -

MR T A

L EREREAH
PREENE 1 4H ([E 1) > HAAREFERIZE ~ #ORH0 ~ PR ~ JEEIFT - oK REHEE E > 485 E 405 cm > A
JEE N 50 em ffIAVEEIMT - BrKfE MBS E N EL S 43 Bl K 70 B2 152.5 cm Jz 30 i 300.5 cm > FEHEEE E
JHIF 65.5 cm 5% AL 10 cm RHSEREELT -
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Fig. 1. A schematic diagram of combustion furnace.
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1L EEEAR
() AHEETEYAOR © slEE Y B E A4S IR EERE R~ 4 ZE[E ) (mechanical scraper solid, MS’s) ~
AR 2 7K 88K B 2 ] 57 B AP 5 A BRI 2 4P B [E 24 (waterwheel solid- separator solid, WSS’s) B14%7K
B SR R P DA ER =S o TR a5 AR 2 4R & [EJ2) (inclined screen separator solid, 1SS’s) (& 2 )
( RVERF=CENR 7 Bt 2 oy B E RS R 888 — Rk 2 [ERS > EIRIRAFBIRE — ik 2 [E8S - (RIS R %R
INKEMIBR ST R ) o TR EAEK Sy ~ RSy - B - YR - SR -

2. ANEEIRE Z AR ETPYEREERE (a. SRR ~ b, /KEZEDR > HER - . RIEFEDR T HER ) -
Fig. 2. Sampling points of cow manure solids with different separation types. (a. Mechanical scraper, b. Waterwheel solid-
liquid separator, c. Inclined screen separator).

(i) FHEERECTAARIES © FF R 3 A-FEEY) - ft-EEin B E NI - DUKIGRERZRE
BAETEEEHSEEY  dE A 3.8 mm LT ~3.8—10~10 — 13~ 13 — 20 ~ 20 — 24 &7 24 mm [/,
b EERFEERECTANR  HRR A E I EE0F 1 For o 1SS 2 435 [ RELT A AR AR E /N » R
74 3.8 mm LN 56.1% » (R 5 RGEI TR B nTRe A HIAE M - HoF &R (DFAA-15, WONDERFUL
Machine Industrial Co., Taiwan) #1747 > EHEE R 6 mm » &5 16 — 19 mm 22 ERECTAELRE - [EFE
TTEE RN E B R R TR TR ~ 43258 ~ BZKE ~ JRETRIIE R e B SR HEAE - (B ES 2 MS K WSS 5
Hete 2 A HEPY R T REIR - Al e L eSS i et -

L A3 [ETZY) ~ ERELTARRRIR M B R A g AT

(i) 7K7F (moisture) fe&LI 4 (Kjeldahl nitrogen, KN) &8 @ {KRERIEHD /A2 2 fl )74 (NIEA R203.02C) HIE K>
% ; DANIEAR410.21C J77E el E S E ©

(i) H1#'HE (organic matter, OM) ZE(EHE © I/ EMER » I Nolan e al. (2011) J37% » AHE (%) = (1 -
Koy ) x 100 fEE > -

(i) K77 (ash) ~ #i (Cu) Z§¥ (Zn) &8 - BEmE/KREREL - AL (MF-40L, Channel, Taiwan)
£ 550 — 650°CIRE FIRALEY 6 /NIF « FREmAL ~ /24l ~ MEFE » Si8kIK 2 &% » A 3 N #VEEf% 10 mL >
DI A EEHIS0CE IR ETIEME - BMELLISFIBABIET €& DUFE F BRI EE 6
(Spectrophotometer Z8100, Hitachi, Japan) JH| & #il Kz §¢ 2 & ©

(v) [ERELTANSRIEME (calorific value) 734 © [ AIABEEELRET7A (NIEA R214.01C) DUE TR P HIEAH 3 fE#[E RS
TR PREEVE -

(v) GERECTAEYIEEAENZERITHY) - DIEREEVA S JAMETEREE  KOiR544Y) (particulate pollutant) DAIBERE
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R AR R HE R > HI%E 7774 (NIEA A101.77C) » 4 LFf (sulfur oxides, SOX expressed as SO,)
DIFEnE i — S8 bhn B Bl J70% — JEBUMELLIMDEE ~ RIMEE ~ 8 tE (NIEA A413.76C) » E 4L
) (nitrogen oxides, NOx expressed as NO,) £k FHHEIE #E tH & & ALY B #ikell 77 74 — @RS /7 fr 04 (NIEA
A411.75C) ©

® L RSB 2 AR ERRIT AR AT

Table 1. Particle size distribution of solid-derived fuel from cow dung with different separation types

Mechanical scraper Waterwheel solid-liquid separator Inclined screen separator

Mesh Percentage Cumulative percentage Percentage Cumulative percentage Percentage Cumulative percentage
(mm) (%)

Above 24 19.2 19.2 10.5 10.5 0.0 0.0

20 — 24 10.5 29.7 8.2 18.7 0.0 0.0

13 — 20 25.7 554 13.4 32.1 7.1 7.1

10 — 13 20.4 75.8 13.0 45.1 6.6 13.7

3.8 —10 18.5 943 26.7 71.8 30.2 43.9

Below 3.8 5.7 100.0 28.2 100.0 56.1 100.0

IV. PREEREE RS
TATBBEERIR R R (2013) T ARIGFTE B 5AIRZE RITAYHE I & g E L ) ZstBARK - fima
T
(i) HoiRo5HY)
HERCE: (kg/h) = EEHNEME (mg/Nm®) x #2558E5H & (Nm’/min) x 60 min/h x 10° (kg/mg) — A5 1
(i) —HE LR EEIEY)
el & (kg/h) = ERINERE (ppm) x 7 T8 + 22.4 x {7554 &E (Nm’/min) x 60 min/h x 10° (kg/mg) — /A 2
V. Gt ot
R (B S BRI ARG 2 E IR 5 AR - FIIF SAS 45 S (SAS, 2012) » TR » DA—fk4pid

Multiple Range Test) FL# A [E] 7B R 2 72 BETE M -

e RN

L AREEY) 7 aeRRE 2 G4 R 5y
AT 57 B RS 2L (MS) ~ ZKEE 57 BfE(% BRI ER 1% (WSS) Bt =X oy e P &K ER (ISS) AT &I
YrERSe (I8 2 ) Mior i - $8K5r ~ Beor ~ ARRE -~ R~ AAEEETRE o &SR 0FE 2 s o HfoKoyr ~ oy~ 48
FR SRR DL MS’s B3 57 WSS’s B2 1SS’s (P < 0.05) » MS’s ~ WSS’s il ISS’s 7 /K43 K e 43 Bl 43 il B 86.5 ~
83.8 B 83.2 K7 16.2% ~ 6.12 B 5.32% - MS’s ~ WSS’s B ISS’s 7 484, ~ ¢ 9{E 47 Al By 2.39 F1 1.64 B 1.50% -
86.8 1 53.5 B 44.3 ppm - - FH[ETEYAHE DL MS’s BIERY WSS’s B ISS’s 2 53t {E (P < 0.05) » “F¥{E 577
Fy 83.8 F193.9 €1 94.7% ; $i& B FHES R 19.6 F1 14.2 K 13.2 ppm » fEFHZE A E o RIS MS’s ~ WSS’s
B ISS’s Z7K3 Ry 83.2 22 86.5% » [EPYIa KREITHIGEEZ B & A BT (2010) HEEHIBALFKEZH
AEFFEKEIT R Fy 85.3 J 83.6% HHAT » # S ¥ RRTE 57 11l Fs 46 Sz 252 ppm © Shen et al. (2015) ifF78 43 i K2
FEHRIE 970 s 56.2 2 66.4 ppm Jz 133 2 157 ppm > FAEF{(DIHFE4ER » HI@N AT o PRITATRE R R B Aa
B A S YA &R (MS) SR KRRE (WSS R ISS) Z#y -
IL [ERELTARARHRE 1T
() PrEEEEME T
1 MS’s ~ WSS’s 81 1SS’s > A& [EIRELTAEINE » 77K ~ Boy ~ ToEREVE ST » Wt E R R E oL
GESRANFR 3 - MS’s ~ WSS’s B ISS’s Z [ERELTAE MR 2 K53 ~ I3 K ol AP~ 39 1E 53 i1l By 14.2 ~ 17.1 J2 68.7%
F116.0 ~ 15.5 F 68.5 £ 13.0 ~ 10.4 JZ 76.6% ° ISS’s Y[ AV E4T & B8 S 1S MS’s F1 WSS’s « MS’s ~ WSS’s Eil
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I1SS’s 7 ZE 43 71 4,042 (16.92) ~ 3,974 (16.64) K7 4,195 (17.56) keal (M) /kg ° [BEHERTA AR EBEES AR (C) ~ & (H)
FIE (O) » AT 3 FEACE 2 A FEIRENTA AR C (35.1 — 42.7%) ~ H (5.39 — 6.08%) 1S (0.23 — 0.51%)
Bl A{IEAMA X B S8R (Wang et al., 2020; Maj et al., 2021; Szymajda et al., 2021; Maj et al., 2022; Gadhi et al.,
2024) - 1SS’s 1Y C &I MS’s F1 WSS’s © i ENVE ZMEEN HEHEY/ B 2MEN IERFZE - SENS
HiFE BB FESR(LR CO, » BMEFIR S R EEENW BRI - B4 IE A BRI EVER: TR aeREF
(Szymajda et al., 2021) o 2R [E[EEESUR 2 45 20E > 40 Font-Palma (2019) fi5H » HA [E] fnfeE B AR 2 43269
= #E (higher heating value, HHV) £ 8.7 — 18.7 MJ/kg : Maj et al. (2022) J &5 R [E] S fl B 5 > -2 1 i 2l
Hi[E{E 13.41 — 19.04 MJ/kg - Szymajda ez al. (2021) 4B BB FRRPARH(EZLE (lower heating value, LHV)
Ry 16.34 Ml/kg » BUAE RS 3 4HIERENTARARL 2 2ME (16.34 — 17.56 MI/kg) T » [ H & B3 7 Fopgop » HAMh
rLfE > 2 S EVEEE (11.95 — 17.61 MI/kg) BUEEVE (11.08 — 16.34 MI/kg) - Huang et al. (2019) 7 TH%% » &
PR Z mEME R Ry 14.3 K 17.9 Ml/kg » MAWSE 3 4HEIRECTAERNE 2 2VE (47 4,000 kealkg ) HE » B~
AR EMERECTARR . BVE - BRI Z o171 « INEE RS E05E (75 £ 25, w © w%) I8
M AT NS SR - DT EE YR E I R Be R 2 51l (Gadhi ez al., 2024) 5 T Anwar ef al. (2024) HIlE
FEAF RN B LB 2 Bofth B2 SEAE VA (agricultural phytomass) - B4 : JEAE ~ HREAE ~ 218 ~ GRS
> Y E S 4EEE (gross calorific value, GCV) » 4li4~3E GCV (3,066 kcal/kg) $¥£F1F1 3,600 kcal/kg - JE &R
ZEZYIER ST (volatile matter content) H % 60 FEFFE] 68% > FKATE 19 5/ By 1% -

R 2. AFRERIE Z A REERIER

Table 2. Composition of cow dung solids with different separation types

Moisture Ash oM’ KN* Ccu Zn"

Treatment
% % % % ppm ppm
Mechanical scraper 86.5° 16.2° 83.8" 2.39° 19.6 86.8"
Waterwheel solid-liquid separator 83.8" 6.12° 93.9* 1.64° 14.2° 53.5
Inclined screen separator 83.2° 5.32° 94.7* 1.50° 13.2° 443

KN: Kjeldahl nitrogen.

" Calculated by OM (organic matter) = (100% — ash) (Nolan et al., 2011).

" Dry basis.

“® Means in the same column with the different superscript differ significantly (P < 0.05).

(i) ZER53W5 T

AU 7 E B A B E RE T A AR - AR BEIE (1B 1) BT PAEE - o HPERE E i &L
(SO, ~ FEEAULY) (NO,) FALIRITAY) (particulate pollutant) FEFURIE © MS’s ~ WSS’s Bl ISS’s S~ [ REL)T
ARk > HEEREEF SO, ~ NO, SRR/ HMENIE - 45 6% O, IIEJREE » 477k 204 ~ 701 K 2,590
mg/Nm® ~ 283 ~ 639 & 1,564 mg/Nm® 2 230 ~ 617 & 3,873 mg/Nm® (3= 4 ) » Hf SO, HECEE L Szymajda
et al. (2021) Z F5E T (244.38 mg/Nm’) » 7F NO, (255.92 mg/Nm’) HIliE Hi#F % » mJRERA R A4 H g >~
HEABERNFS  FEREFERFEEQE (2R IME S  Astbadrs 3 EERRITA R 2 8 (1.37 — 2.37%)
s (£ 3) > FAVREERG E A d sy NOX » [ AE FEMDZREL (woody pellets) {5 IR K o ARHFE 2 MRS 44
Y ~ SO, J¢ NO, JRIERIEME » i SO, FF&EREEHAD (2023) A2 [E 8 75 4R 22 05 F+ V) B ZE (300 ppm or
785 mg/Nm®) 4 » NO, Rk 541 (500 ppm or 614 mg/Nm®) % 50 mg/Nm® HERUTEHE o Al bid Fa
TR HERREEERSCTARAR » Bheg s IR > MR INEEZE RO AR o Park er al. (2013) Kz Begum
et al. (2009) Z WFFEHE HA- SRR K i ik AR ERRE (RTH ~ 43 KR ERE Y ) (ERRE 5 - PR AE g E
AERLGIRY) ~ S AR SIY) (VOCs) A MRS - Akl 3 A ELTAENRHAEE > SO, B NO, HEiE 5
A 0.022 — 0.028 kg/h 2 0.097 — 0.12 kg/h » (LR A © KRk 5449) 2L 1SS’s 0.44 kg/h s > WSS’s 0.17
kg/h £7{K © Dolzynska et al. (2020) 5t > NO, HE &R T G AR PR S E0NINmiEs - ZZRMeE - i
BETEAR ~ PRBEREFIFT(E AR R A IR G 52 2 NO, JE K o o] #E ST A BRI AN ~ IR B
AT~ BEERREERCR B AR 7 RIS NO, JEK © Qian er al. (2019) H2HH ZE 3B EBLR ZARUREE - 1470
ZERRERRAILEIZE 4.51 VBRIV SO, 71 NO, IVHEIR » 22X & FEERIR AR ILIAA T RE R ForkiE
LEIPNRHE L Ry BERE AV R B i » BRI DHEK « DUFHEBERE EYER S RBROEARL - REEEEHSIA
L ELZRM: (Roy et al., 2010; Anwar et al., 2024) -
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+ =A
:%n aff

MS ~ WSS 7 gtk k2 1SS 53 Btk 2 BTV B2 A SLEIRENT AN - RIAERR: 3.8 mm DLE# - 5355 94.3 »
71.8 ~ 43.9% > R MS’s B WSS’s FE R [ERENTA AR AT AEFTIONEE - /- SE e S 3 TRIEIRE DT MM Z BME Y 3,974
% 4,195 kealkg > MHEFEERATR ZEVE » A E2R BB Z 2WE > BB ABIFIA Z o171k - AbtstER 24
SEEREOTARNEL - SNBEER T HERE B Y SO, ~ NO, RALIRTTAPIFBURE » B SO, [ e il A& E )5
FIRZE RITIYIPEAELES N » NO, RALIRIGIYPT S R BEBURLE o ARACATHE AR OTAERNERRIAT N ~ IR I0EHBh L
73 ~ BUEKERSIEIR ~ PR R AR BRR i E 5 R -

SENRK

THlREEZ B G EERERIT - 2010 - FSHEIKENHN) - (TBETREZ B GERRITEEE 141 5% -

TEERR ReEE - 2013 < ARG FTEE /SRR ZE RO AV EST BT AN E - PERE 112 43 H 29 H7E
PRI R E IR B 22 55 1020024943 SRAEELE -

BUR AT B R IR ZERT - 2004 © BEEEVIEME RN 505 — PABESEZL-REHE (NIEA R214.01C) - HHEERE] 93 4 11 H 19
HIZZ M 0930084869 5N -

BRIS B R BRI ZE 0% - 2004 - FEEEY) T HIC A& BaNJ57% (NIEA R410.21C) - FEERE] 93 £ 12 A 22 HIRF R
FEE 0930094520 HE/ S e

BRI BN B R ER W FE R © 2009 o SHEREEY)/K o3 MIGE J774 — IFENIE 7% (NIEA R203.02C) - HHEERE] 98 45 H 11
HEZE T 25 0980040837A SR/ -

BRI BN B SR BRI ZE B © 2016 - HERUE E T S ALY B Bl J50% — RIS 0L (NIEA A411.75C) - HhEERE
105 1 A 4 HEEZfFEE 1040109638 57/, -

BRI B B SR BRI 52 5 © 2021  HERUE 1 FORLIRD S ABRAR R ELR I 2RI 757 (NIEA A101.77C) » FEERE] 110
F12 A 3 HEERHTE 1101006430 57035 -

B A R BRI - 2023 - HEUE E T T EALR BBt UTA — R BUEALAMNEE ~ BAMEE ~ BTE (NIEA
A413.76C) - thEERE 112 48 12 H 18 HIEBEHZF 7 1125105687 5% -

BRIEHD - 2023 - [EE S AR ZERIT RV PR R - PERB 112F 6 H 14 HITHGREEREZTREZ TS
1121064054D 5E5ELE -

SRS~ BE - 2001 - EREEEEYIUTAESRIEGNE /T - MEIE N ZEEERBEAST -

BRRAGER ~ &R RPH ~ FRIES  FESSE ~ BIERR - RGN - 2014 o AFLEP Y E BUE MR 5HE o BT 47 ¢ 205-
212 -
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Abstract

In this study, the solids of cow dung (CD) were collected from the mechanical scraper (MS), waterwheel solid-liquid
separator (WSS), and inclined screen separator (ISS) of a dairy farm, which produced into CD solid derived fuels using
solar drying. The particle size, calorific value, and combustion pollutants (particulate pollutant, sulfur oxides, nitrogen
oxides) from the fuels were analyzed for the traits and composition. The results showed that the percentages of particle size
over 3.8 mm after the solid-liquid separation were 94.3, 71.8 and 43.9%, respectively, for MS, WSS and ISS of cow dung
derived fuels. The calorific values of the fuels were between 3,974-4,195 kcal/kg, which were feasible for utilization as the
alternative fuel. These 3 solid-derived fuels of CD included C (35.1-42.7%), H (5.39-6.08%), O (30.8-36%), N (1.37-2.37%),
and S (0.23-0.51%). After combustion, the corrected concentration ranges of SO,, NO,, and particulate pollutants in the
exhaust pipe were (204-283 mg/Nm’), (617-701 mg/Nm’), and (1,564-3,873 mg/Nm’), respectively. Only SO, complied with
the air pollutant emission standards of Taiwan. Therefore, this research suggests that in the future, means by adjusting the
size of derived fuel particles, adding auxiliary ingredients, air supply, furnace geometry, combustion temperature, and type of

combustion technology could be adopted to improve and reduce the air-pollutant concentration.
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