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A Study on Combustion Characteristics for Dry Food Waste
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ABSTRACT: This study analyzed the physicochemical properties and combustion characteristics of dry food waste to
evaluate the possibility of using food waste as a solid refuse fuel (SRF). The characteristics of dry food waste as a
fuel were analyzed by comparing the difference in properties with SRF, and the combustion characteristics after conversion
into fuel were identified. Ultimate analysis, proximate analysis, calorific value analysis, and TGA analysis were conducted
using two types of food waste and two types of SRF, and the following results were obtained. The moisture content
and ash content of dry food waste were 1.7~10.0 wt.% and 7.8~11.7 wt.%, respectively, which satisfied the quality standards
for SRF. The low calorific value of dry food waste was 4,000 ~ 4,720 kcal/kg, which was higher than the quality standard
of 3,500 kcal/kg for SRF. As a result of TGA analysis of dry food waste, the combustion reaction started at about 200
°C and the highest burning rate was at about 500 °C. After moisture evaporation between 100 and 200 °C, initial volatile
matter, carbon and residual volatile matter were released and burned between 200 and 500 °C. Based on the high calorific
value and low moisture and ash content of dry food waste, it is considered that it is possible to convert dry food waste
into SRF through the application of efficient drying technology and strict quality standard inspection in the future.
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Fig. 1. Drying system for food waste.
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Table 1. Design Conditions for the Food Waste Dryer
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YERNRATE AlE 4%9] 4 545 vty 3]
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Design condition Unit Values
Electricity consumption kWh 60.0
Effective area of heat transfer in dryer m’ 0.48
Vapor evaporation rate per surface area kg/m’h 13.0
Volume of dryer m’ 0.135
Specific moisture evaporation rate (kg of water/Mcal) 1.21

Fig. 2. Images of dry food waste and SRF.
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Table 2. Quality Standards for General SRF
Item Unit Densified Fluff
shape and size mm 50X100 below 50X50 below
water wt.% 10 below 25 below
Low heating value keal/kg 3,500 or more
Ash wt.% 20 or less
Cl wt.% 2.0 or less
S wt.% 0.6 or less
Hg 1.0 or less
Heavy metal Cd mgke 5.0 or less
Pb 150 or less
As 13.0 or less
1112 (Thermo Fisher Scientific), 3-¥-41-S TGA-701 G2 3,500 kealkg ©]do]™ 32 20 wt.% ©l3t,
Proximate Analyzer (LECO. Co)E ©l-83t51om 38] §F &2 2.0 wt% °la}, &2 0.6 wt.% °la} ot
B 248 AAEH L, AEdsF 2492 calorimeter F7]+= 7FEXAZE 50x50 mm ©]3}o]u}, 2 zd AL-g-3}
(Parr 1261 EA)E ©]-83l 33 SH3 & HA@= 7] el L3 FAo| A Axzdh= ¢ 120x120
Azt TGA 42 250 W& AR 747 mmZ A= 5 Ak SRFE A= 1~— e
Fe At dFAEFRAe Al T e & Al S ek A8 AAolrt. AFAFS A5 Zﬂ%ﬂ
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s 5 ‘3}1%011:} A APLS FHF 25900 C H7)& 2% (Fw-1, Fw-2), RF-1, SRF-22] RS
45
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Z¥7} 6.2 w.t%, 2.6 wt.%, 10.0 wt.%, 1.7 wt.%=
oAX FAZ 54 H7I=e] FREel 7P Wdth
Fw-12 AR oot EolA A" 22 H7|== o
92 ol E SAE A8 FAGCl A H

e
S RG] Ea Fw-2 el

=3 A%
AR tiE Ao g 22 A7ES bk

T A 542171 HH“O]E} SRF-29] &0 1.7
wt.% 222 1|4 SRF-19] IOOwt%Eljr"]'»l'O
H ol& SRFE AzshHs AU AA, Als
Fefoll wetA] EiFe] Zfol 7} wl-g- =27] Hﬁfi
kT ﬂgg AEEA Hriske d 7V 5
7 AELAolt)h Al8] 459 11
Xé%i—t— 27 12.1 wt.%, 14.3 wt.%, 14.1 wt.% 11.7
wt% o2 SAHEACH, FUES 47 73.9wt.%,
77.3 wt.%, 66.9 wt.%, 75.1 wt.%= UERGTE A%
2 H71E2] AT ddFS 2H7} 4,160 keal/kg, 4,000
keal/kg®]™ SRF-1, SRF-229] A 9d7F2 7+214,030
keal/kg, 4,720 kealkge]™ ©]= SRF #2721 3,500
kealkg ©17d2] 71&& THE3HATE Table 49 UE}
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Table 3. Drying Conditions and Results
[ Output Final Water Initial Water Opgratlng i) e
Sample (kg) (kg) Content Content Time (kgfm?h)
’ ’ (%) (%) (n ’
Fw-1 20.0 52 6.6 75.7 7.5 33
Fw-2 20.0 35 24 82.9 12.2 23
Table 4. Result of Proximate Analysis of Food Waste (Dry Base)
Fw-1 Fw-2
content (Apartment) (Restaurant) SRF-1 SRF-2
Water(wt.%) 6.2 2.6 10.0 1.7
Ash(wt.%) 7.8 11.7 9.0 11.5
Volatile matter 739 72.0 66.9 75.1
(Wt.%)
Fixed carbon
W% 12.1 13.7 14.1 11.7
Fuel ratio
(FC/VM) 0.16 0.19 0.21 0.16
LHV
(keal/ke-wet) 4,160 4,000 4,030 4,720
Table 5. Result of Ultimate Analysis of Food Waste (Dry Base)
Fw-1 Fw-2
content (Apartment) (Restaurant) SR Sl
C(wt.%) 52.7 536 50.7 532
H(Wt.%) 7.1 7.0 6.8 72
O(wt.%) 349 33.0 37.6 34.0
N(wt.%) 3.6 4.6 34 36
S(wt.%) 03 0.3 0.6 0.7
CI(Wt.%) 1.4 1.5 0.9 13
C/H 74 7.7 7.5 74
H ASH|(FC/VM)E EH 0.16, 0.19, 0.21, 0.16°] ™ Al Z7] 2k} "W A4 A ZEo] FolA]+=H] ©o]= SRF
Table 5° Yebd C/HMI= 22} 7.4, 7.7, 7.5, 7.4°] o] MEFHQl EAolth 94 #AL HV|ES 74
o OHOZ 295 A2 A 2280 BTl B S Qi Fa A4 Bash 4 8, Ak Fa
obdith ko R Relvte] AmHZL 1200 BRE 5 Al Bl % UL ARt P
o] AZHIE= 1 of8h, &k} CHMIE 1030, 7F= E4gke Fohs Zlolth o da 24 AdE
S| OHHIE 3 Aot SRF ARE Mgkl Hlst  Fal vizkas] 24 FFahiL A7182 A8
o A8HV} AeHtE o4 FARET= v 9 7]&o] A4, A 2 &Hol &8s Aok
w3 CHM] EZE 100)8kE Yk AEH|e CH H 3 IS AT 7HARY] ek 24 A
7} @8 o]f= 4F0] AR BT uAHEA g (C)7} 50.7~53.6%, AFA(0)7} 33.0~37.6%%2 TH-&
D3 Fake] o] Ev] wEolth wlebd A4 & AAPon walugeld o fue &
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