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Effects of combined RDF and biomass on performance and emissions of a ceramic kiln
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nUszasdileAnumanisléileinasnmey (Refuse-derived Fuel; RDF) Tauffuiunaseaussouyn1suan
arwdou nsuanudesafivnmsennia wagnstuiteulud ufanmsvudevlusdnsiost fuedesufumnasatu-ay
Fouwds 3 Ussuam Téud 1889u 17 RDF-3 wag 141 : RDF-5 fighsndan 80 : 20 wt. % w.b. gnldlun1side Tagldimumn
mruzwinuuumaiuaniouas lusuasuniey suaelvady Swiauassiwdun wuinnsld ROF v 2 Ussian §
anssournandnamsoulddifisuill winisld ROF-3 gumnfazundanindemasdu dunmstudeulundndusiuay
i daifisufusnpsguuazauidedy wuhialndiAsuazihunasinasgumnd uii 3 Fomddanuuandisetis
fddny n1svandassuaiiuniseinia wuinnisiy 1 : RDF-3 finsvanvdesuaiwuinninnisldldaiusgrsiidodngy
pnuA NO, uas HF fiflinanas usnslsiauuas 15 : RDF-3 fAHuaroaAAUAININTEIU 400 WAz 539 mg m” AUy
daumrduiiArunasiunnsg g Tasagu RDF-3 uag RDF-5 faussouglunisndnanufeuldiiouinli lnglidwa

nsgnusienMsUantaseuaiuniseinia wasnstudauludiuasndndue snuaduazeemilaniuuinsgu

AEARY: Tawaa, Wwwsdin, Wendswes, uafiveinid, nswnlvilaenss, w3sstunumn

Abstract

The objective of this research was to study effects of combined RDF and biomass on heat production
performance, air emissions, and contaminations in ash, including product contamination in both earthenware and
plate - bowls. 3 types of fuel were used including Wood, Wood: RDF-3 and Wood: RDF-5 with a ratio of 80: 20 wt.
% w.b. Using a ceramic kiln with a path of hot air down, in Dan Kwian Sub-district, Chok Chai District, Nakhon
Ratchasima Province. The results showed that burning of the combined RDF and biomass was not different from
pure biomass, But the RDF-3 had temperature fluctuates more than in other fuels. Product and ash contamination
compared to standards and research showed values close to all passes. But the three fuels had significantly
different. For air emissions, it was found that wood: RDF-3 had significantly higher emissions than pure biomass,

except for reduced NOx and HF values. But both fuels have dust values that exceed the standard values of 400
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and 539 mg m?, respectively. Summary, RDF-3, and RDF-5 It had the same good heat production performance.

Without affecting air pollution emissions and contamination in ash and products, except for the dust value that is

higher than the standard

Keywords: Biomass, Ceramic kiln, Refuse-drived fuel, Air pollution, Direct combustion, Earthenware
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Table 1. Shows the properties of Fuels.

Fuels

Parameters RDF-

Wood RDF-3 5
Physical propoties
Size (mm.) ?15-L1 50-300  @8-L5
Bulk density (kg m?) 350 2528 584
Moisture (% w.b.) 8.14 13.79 6.50
Heating value (kK kg.!) 17,633 25,790
Proximate Analysis (wt. % d.b.)
Ash 0.73 8.87
Volatile Matter 84.79 87.34
Fixed Carbon 14.48 232
Ultimate Analysis (% wt.)

Carbon (C) 48.74 68.51
Hydrogen (H) 6.39 10.85
Nitrogen (N) 0.31 0.44
Sulphur (S) 0.15 0.11

Oxigen (O) 44.41 9.75

Heavy metal (% wt.)

Antimony (Sb) N.D. 0.00000
Arsenic (AS) 0.00010 0.04100
Barium (Ba) 0.00332 0.00000

Cadmium (Cd) 0.00000 0.00000

Chromium (Cr) 0.00088 0.01000
Cobalt (Co) N.D. N.D.
Copper (Cu) 0.00026 0.00000

Lead (Pb) 0.00046 0.00000

Nickel (Ni) 0.00033 0.00000

Manganese (Mn) 0.03286 0.00000
Mercury (Hg) 0.00000 0.00000

Selenium (Se) N.D. 0.00000

Silver (Ag) N.D. 0.00100
Vanadium (V) 0.00011 0.06100

N.D. Not detected
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(b)

Figure 1. (a) RDF-3 and (b) RDF-5
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Figure 2. Sampling point
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Table 2. Show the fuel and energy consumption.

Fuels
Parameters
Wood  W: RDF-3 W: RDF-5
Wood (kg.) 735 569.4 536.0
RDF (kg.) 0 124.9 121.4
Total fuel (kg.) 735 693.0 657.4
Total Enegy (MJ) 12,960 13,261 12,582

*Fuel and energy at heat-up range (10 h.)

Figure 3. Testing the ceramic kiln
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wanSusignannnssa. (2556). wan. 32 BaimualiAmem
(Pb) TalAu 1 waz 2 me L™ auasu wagiandieon (Cd) lal
LAY 0.5 thag 0.25 mg L mauannu NANUTIT UL E
w2 3 Ussamidemas asaalinuuamden uinunzialy
nﬂﬂi%LﬂWL%@Lwad Famsundomaweysi damziies
nmsulngliguvesiaeansiag e Earthenware
\dleld RDF-3 uaz RDF-5 w9 nuindidmeianasiesas
65 waz 47 MUY dau Plate-bowl nuindinzivanas
Wiy Yovar 62 uay 78 MUEFU FaUINAIINATEIY
a2 wazid el sulisuduauInsgIu Soluble

Threshold Limit Concentration (STLC) ASENIIY

Table 3. Show heavy metals in products

gaa1nTsu. (2548). wag Code of Federal Regulation.
(2022). WU WIUNMINASTILY TR elfiey
fiu Omolaoye J.A., Uzairu A., and Gimba C.E. (2010). il
Anwlansminfivuidoulunansashiniesuiumiiitud
N3U WUIUTUI Pb Cd Ni way Cu AeudelnalAesiu
@ Cr uay Co Mnnsnageuiiaiosninanies nefi
Mn Anfead dauinniteg1efiveddsy Weieudiu
Supawan Vichaphund and Parjaree Thavorniti. (2010). i
nIvinnuanRvesdnfusiefindliidhannisivey
yaeeludunay wuinlavemin Pb Cd Cr waz As 910

nsnaaeulAosnitlunnsineeeiltud ey

Earthenware (mg L)

Plate-bowl (mg L) Standard.

Parameter Wood: Wood: Wood: Wood: (STLC) mg L
Wood RDF-3 RDF-5 Wood RDF-3 RDF-5
Antimony (Sb) 0.000 0.000 0.000 0.013 0.017 0.004 -
Arsenic (AS) 0.002 0.002 0.003 0.012 0.011 0.005 <5.00 *°
Barium (Ba) 0.348 0.428 0.304 1.400 1.730 0.867 <100°
Cadmium (Cd) 0.000 0.000 0.000 0.000 0.000 0.000 <1.00%°
Chromium (Cr) 0.002 0.001 0.003 0.046 0.011 0.013 <5.00*"
Cobalt (Co) 0.006 0.012 0.001 0.005 0.004 0.007 <80.0°
Copper (Cu) 0.060 0.044 0.033 0.161 0.086 0.097 <25.0°
Lead (Pb) 0.017 0.006 0.009 0.037 0.014 0.008 <5.00°
Nickel (Ni) 0.043 0.019 0.008 0.027 0.025 0.021 <20.0°
Manganese (Mn) 0.973 1.160 0.304 0.663 0.475 0.311 -
Mercury (Hg) 0.000 0.000 0.000 0.000 0.000 0.000 <0.20°
Selenium (Se) 0.000 0.000 0.000 0.000 0.000 0.000 <1.00°
Silver (Ag) 0.000 0.000 0.000 0.000 0.000 0.000 <5.00°
Vanadium (V) 0.193 0.042 0.852 0.002 0.005 0.005 <24.0°

® Code of Federal Regulation. (2022). Maximum Concentration of Contaminants for the Toxicity Characteristic.

® Ministry of Industry. (2005). Soluble Threshold Limit Concentration (STLC).
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Incineration wu31 A1 Cd, Cu, Ni, kag Cr 7AN1SNAZaUll

Aauniegeiitudnty @i Pb dalnalAeeiu

Table 4. Properties and heavy metals of ash from ceramic kilns

Fuels Stan dard®
Analysis Parameters
Wood Wood: RDF-3  Wood: RDF-5 (TTLC) mg kg™
Proximate Analysis Ash 85.665 87.866 92.593 -
(% wt. db.) Volatile Matter 4.718 6.949 2.674 -
Fixed Carbon 9.618 5.185 4.733 -
Moisture content 0.000 0.000 0.000 -
Ultimate Analysis Carbon (0) 5.119 3.064 3.084 -
(% wt.) Hydrogen (H) N.D. 1.810 0.093 -
Nitrogen (N) N.D. N.D. N.D. -
Sulphur (S) 0.477 0.100 0.323 -
Heavy Metals Antimony (Sb) 0.000 0.000 0.000 <500
(mg kg™) Arsenic (AS) 0.000 0.000 0.000 <500
Barium (Ba) 0.000 0.000 0.000 <10,000
Cadmium (Cd) 0.000 0.000 0.000 <100
Chromium (Cr) 0.000 0.000 430.0 <2,500
Cobalt (Co) 0.000 0.000 0.000 8,000
Copper (Cu) 300.0 330.0 1,800 <2,500
Lead (Pb) 0.000 0.000 330.0 <1,000
Nickel (Ni) 0.000 0.000 0.000 <2,000
Manganese (Mn) 4,170 6,900 2,470 -
Mercury (Hg) 0.000 0.000 0.000 <0.20
Selenium (Se) 0.000 0.000 0.000 <100
Silver (Ag) 0.000 0.000 0.000 <500
Vanadium (V) 0.000 0.000 0.000 <2,400

© Ministry of Industry. (2005). Total Threshold Limit Concentration (TTLC).

N.D. not detected
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Table 5. Show the combustion gas composition

42 waz 50 mudnu uidiegluinaeiannsgiuimun Fuels
Alansminiinulunsldidomasdiaenndostuemisy Parameter Wood Wood: RDF-3
vo4 MYy duUduRiaiey Sgna duwas wazdiadnd Jaan vV (m? hr b 565 531
avld, (2561). AAnwlangndnuuileuluoinaainnigly Temp. (°C) 182 230
Boumasls wundalanentnlaifunaeiuinsgiug uiu CO, (% vol.) 7.04 18
witinsUanUaeeuazeaidout1etesnia #i 131 mgm? 0, (% vol) 13.88 251
dlowieuiu Sanchez de la Campa et al. (2010) Faduns CO (ppm) <01 <0.1
T aimdsauldndulsenuesiiin wuinaadildainnns
nadeuiiUinauandeunasayiiitesndn
Table 6. Show the Air emissions of ceramic kiln
Wood Wood + RDF-3
Parameters Standard®
@ 7% O, @ 7% O,
Dust (mg m™) 400 539 <320
Sulphur dioxide: SO, (ppm) <1 <1 <30
NO, as NO, (ppm) 59 34 < 250
Hydrogen chloride: HCl (ppm) 3.03 16.0 <80
Hydrogen fluoride: HF (mg m™) 0.671 0.329 < 80
Mercury: Hg (mg m™) 0.004 0.009 <0.05
Cadmium: Cd (mg m™) <0.001 0.006 <0.5
Lead: Pb (mg m™) 0.022 0.064 <15

€ Ministry of Natural Resources and Environment. (2010, 16 July). Set the standards to control waste air emissions

from solid waste incinerators. No. 127. 874 A.D. 2010.
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