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ABSTRACT This study evaluated the potential of coffee waste (CW) and used frying oil (UFO) as an additive in the production of
pitch pine (PIP) and Mongolian oak (MOK) pellets. Ash contents obtained from CW and UFO were 0.5% and <0.1%, respectively.
The calorific values of UFO (31.4 MJ/kg) and CW (26.3 MJ/kg) are higher than PIP (20.6 MJ/kg) and MOK (19.1 MJ/kg). For pellets
fabricated using a pilot-scale flat-die pellet mill, regardless of fabricating conditions, moisture content (MC) and bulk density of PIP
and MOK pellets satisfied the A1 wood pellet standard for residential and small-scale commercial uses, as designated by the National
Institute of Forest Science (NIFOS) of the Republic of Korea. When CW was used as an additive, durability of PIP pellets made with
12%-MC sawdust and MOK pellets increased. The optimal conditions for producing PIP and MOK pellets could be by adding 20
mesh CW as an additive and the using of 12%-MC sawdust. However, durability of PIP pellets and ash content MOK pellets did not
satisfy the A1 wood pellet standard of NIFOS. Thus, further research is needed to improve the properties of wood pellets with
additives.
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Table 1. Fuel characteristics of coffee waste, used frying oil
and bio—oil used as an additive

Moisture Ash Calorific
content (%) | content (%) |value (MJ/kg)
Coffee waste 2.5 0.5 26.3
Used frying oil <01 <0.1 31.4
Bio—oil 22.1 0.9 17.8

W] A9, AL W ol A oYl T
3kt glo] olpgHl Hle- ot Hlole ele & ol
of| A el Y& = AME BE(F]7] ok 20,6 MJ/kg;
AIZRFEL: 19,1 M /kg) 3}t B]wate] Wob=d|(Table 1 %
%), ofz Hiol e 2ol gHE o= Qlste] ehd A
e} yzrster, P Audro)] urelako. e y|rkant Tt =
=T, ol Aulutol] T AT A/ 2. UoflA] 7]
QI3 Aom kgt
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Table 2. Fuel characteristics of pitch pine and Mongolian oak pellets fabricated with used frying oil, coffee waste and bio—oil

as an additive using a piston—type pellet mill

Production conditions Moisture Ash Calorific .
Moisture content I content content value Dur(?)/b)mty
0,
Type of sawdust of wood particles Additive (%) (%) (MJ/kg)
10% 7.6 97.7
No binder 0.4 20.6
12% 7.0 97.5
10% Used frying oil 7.0 0.5 20.2 %.1
se ng oi . .
19% e 5.9 93.8
Pitch pine
10% 3.1 97.8
Coffee waste 0.5 20.0
12% 5.9 98.4
10% 41 99.3
Bio—ail 0.5 19.9
12% 6.3 929.1
10% 6.0 97.5
No binder 0.9 19.1
12% 7.0 95.0
1% Used frying oil 6.8 1.0 19.3 8.7
se ng oi . .
12% ryme 5.9 91.5
Mongolian oak
10% 3.1 96.9
Coffee waste 1.0 19.9
12% 6.3 97.4
10% 41 96.3
Bio—oil 1.3 19.3
12% 6.3 97.1
NIFOS Al standard for residential and small—scale commercial uses” =10 =07 =165 =975
NIFOS A2 standard for residential and small—scale commercial uses” =10 =12 = 16,5 =975
NIFOS B standard for residential and small—scale commercial uses’ =10 =20 = 16.5 =975
NIFOS 11 standard for industrial use’ =10 =15 = 16.5 =975
NIFOS 12 standard for industrial use” =10 =3.0 = 16.5 = 96.5
NIFOS I3 standard for industrial use’ =10 =5.0 = 16.5 =950

! Weight ratio of wood particles to additive was adjusted to 98 wt% to 2 wt% on a ovenOdry weight basis,
! Specification of wood pellets designated by the National Institute of Forest Science at the Republic of Korea,

26 Al-RidolAx|



£ WIH=Z ArEst0] ofd

YA B BT AL 71 1092 B
shgict,

ox
i)
2
fr

G, ol AR A 2 312 Bl
o|cK(Table 2 H). H7HAI7H Bl el m Al
o, o] W3lellA) Jake 24 gkont,
FEE 714 lo] 0 0 92 MR Sl A%

Wlo| A Sl Shako] S7tslgict, wele
& 2)7|chan Bglo] A2}

(o,
o
=

o
oot
Mo

to
s
ook
[e)

2
i)
v
o
g,d ﬂl

@ 4o o @ o
J
i
%
To
)
L
ne
%
3

2 TAFo]

Aslueh Agba o2 gokek ke, W7pdek g Az

S Iehah 9 Al wsle] ekl 27k g
3 371k A Belod, O SAE SAReR
o7t gl Ao BAEQI. ol Hfdsle] 15 A
A% v 2 win] H7PAE ARl et ekt Azt
ek Azrele) okl )y|ehauty Asle) ok ke 27t
A2 AgolR 9 FRE B Pg Adgle] FAT
Yaistel EAjsl E4E AL 71E(Z 0.7%) & st
ek uhE BT, A Ret ATk AR A

Dt A A= e

HlHg el 75, Adukz o 2)7|ohautr fAslofA Al
U FslEn 2 2= SAEReH, HW7HI= #H4
B9 AR Wil Y e Ao S
MEP(Table HH). oloh A2 A= v 48R} vle8

Yde smate s Xﬂzﬂ EAJJr XPOM O*QL}, 12%
o] i SpgolAs S7IBIAE. ol Zuldel] R
2 53 2 Ao 2 FEolA A
s3y5to] Ul Ante} gehgiet

27 |ehat Sito] uhole @ 1o H7k= s U
AA 7=, ol AR v A R B

H 22| Hrto| 87|12 H=st

27ICRALR B Al B30 R S

=< == - | o

3 JEAJEke] JH o 2 JLAE HEo|Q 9 9lo] otuls) 714
o B ZrlHAA AP Sastel teht Aulet A
2} ) Az wgle) A “folo-0ol 7l
A RES BARE AT 10%0] B 4gel A W7t
Alo] Apga B Aot 12%2] Bi oA
S5l o] A mrj vlole o] WAl AL
S5 AU Al Y FE Ho}ﬂ S il

2Rl = .

Fie, 18 eIcaLkpol A2 Be] et o
Fgol Rargee] AR ARG Aulure) Q4 2717}
UAE S ek Aol W3l GHeS ANEoR
10 meshe) A S AZIAE o) WA, s

Rar=17)0] 7ha0} b ZAmate] Euido] Z7kste] 4B
3} 3 4 Gl ARIET} 27Kste] ek Autet 4zt

STk, 1e} 120 PR o IhALE BRO 2 Alzdl
2319 TH8-2 40 mesh F7]9] AHu)uta} A 2351 HFlo

A =S, ole S AR =2 wa R Qe o
S} Il 2ol T3] STHEA A = vlA|

B 210) AAsisol s e S Ul 57
o552 xﬂﬂo}o% et Akt g ey 4

mH 59 Fujake] 579} Alkglo] mE Hglo] §h

R BAjE EA5770) AL 7)1 10%)

RS e LEE AL T

Aol A 2%_4 S el Alxgt 2)7ich
U el 1 %4 Fgoll Al Alzeh Al 9
e AEle] 37 & o7t YPchFig. 1 X)),
T 10% gl AEE 27 okt Heia) 12%
Qo) 4] A2 AlZU Eﬂal4 W32 20 mesh 3
719) At Azstgle o, & o etk ol

2H o9 271R0] Zujule] Bukgy)

ol 9leke A ojulalet, whebd iAol
9]

o3t WIS A|lxs7| ste] E2E BR Fgat

2022, 9 Vol.18, No.3 27



02
|-0

| - Xuanjun Jin -+ St

020 mesh W40 mesh

020 mesh W40 mesh

ocod pellets (%)

MC ot

MOK/10%  MOK/12% 7 PIPAC% P2 MOKII0%  MOK/L2%

PPIO%  PIPI2%

Tipe of oot sotent cf weed partls Ty of avehsuoictre costent of wood parcls

Fig. 1. Effect of particle size of coffee waste on the moisture
content (left) and durability (right) of wood pellets
fabricated with pitch pine and Mongolian oak sawdust
of 10% or 12% moisture content using a piston—type
pellet mill
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Table 3. Moisture content, bulk density and durability of wood pellets fabricated with pitch pine and Mongolian oak sawdust
of 10% or 12% moisture content using a flat—die pellet mill

Production conditions
- Moisture content Durability Bulk densny
Type of sawdust | Moisture content of Additive' of pellets (%) (%) (kg/m’)
wood particles
10% 9.3 97.6 693
No binder

12% 7.6 93.3 617
10% 6.0 94.3 731

Pitch pine Coffee waste
12% 8.3 95.2 596
10% 5.9 95.8 X

Used frying oil
12% X X X
10% 5.6 94.0 712

No binder

12% 7.7 96.8 645
10% 7.1 97.8 662

Mongolian oak Coffee waste
12% 6.2 97.6 674
10% 7.1 94.8 X

Used frying oil
12% X X X

! Weight ratio of wood particles to additive was adjusted to 98 wt% to 2 wt% on a ovenOdry weight basis,

x means that it was not measured because sawdust was not pelletized,
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