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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.

Key words Wood pellet(& 2] 2 31), Coffee waste(#] I B}), Used frying oil(H] 2] -&-3), Bio-oil(H} 0] 2 2 ), Flat-die pellet mill
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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 <0.1 <0.1 31.4
Bio—oil 22.1 0.9 17.8

W] A9, AL W ol A/ 0do] T
3kt glo] olpgel vl ot Hlole eale & ol
of| A gl Y2 ARE BE(2]7] ok 20,6 MJ/kg;
AIZRFEL: 19,1 M /kg) 3}t B]wate] Wok=d|(Table 1 %
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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 Durability
Moisture content " content content value 9%
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% 7.0 86.1
Used frying oil 0.5 20.2 e —
12% 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 e —
12% 6.3 99.1
10% 6.0 97.5
No binder 0.9 19.1 e —
12% 7.0 95.0
10% Used fryi il 6.8 1.0 19.3 88.7
se ng oi . . VI
12% ryme 5.9 91.5
Mongolian oak
10% 3.1 96.9
Coffee waste 1.0 19.9 s —
12% 6.3 97.4
10% 41 96.3
Bio—ail 1.3 19.3 I —
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 =50 = 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,
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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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90%) for 3 hours
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