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Larch Pellets Fabricated with Coffee Waste and
the Commercializing Potential of the Pellets'
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ABSTRACT

This study was conducted to suggest the effective management and recycling processes of coffee waste, which can
be easily obtained from coffee shops and coffee-related products industries. Prior to the fabrication of pellets, the
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potential of coffee waste as a raw material of pellet was investigated through the examination of its chemical composi-
tions and fuel characteristics. Major gradient included in coffee waste was holocellulose, followed by fat/oil and

protein. Coffee waste contained a small quantity of ash (0.7%), such as calcium, sodium, potassium and magnesium.

Interestingly, coffee waste was easily dried probably due to its porous structure. Pellets fabricated with coffee waste
and larch sawdust showed good fuel characteristics, such as moisture content, ash content, density and durability. The

pellets exceed greatly the minimum requirements of 1%-grade wood pellet standard designated by National Institute of
Forest Science (NIFOS). Particularly, the high calorific value of coffee waste showed the potential as a raw material

of pellet. However, owing to high nitrogen and sulfur contents, coffee waste is like to be used as a raw material of
wood pellet for combined heat and power plants equipped with a reduction system of NOy and SOy gases. On the oth-

er hand, 91 wt% larch sawdust and 9 wt% coffee waste are required to fabricate the 1¥-grade wood pellets designated

by NIFOS. Pellets fabricated with the conditions are estimated to have nitrogen content of 0.298% and sulfur content
of 0.03%. Lastly, if amounts of coffee waste and sawdust in the production of wood pellets are adequately adjusted

according to its purchasing price, the manufacturing cost of pellet can effectively be reduced. In addition, it is expected
tp prepare the effective recycling process of waste and to relieve the environmental burden with the reduction of waste

from the commercialization of coffee waste/larch pellets.

Keywords : coffee waste, larch, pellet, durability, higher heating value
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Table 1. Chemical Composition of Green Bean and Coffee Waste (Unit: %)

Moisture Holocellulose Protein Fat/oil Ash Others

Green bean 9.8 36.0 11.2 12.9 3.8 26.3
Coffee waste I' 23 31.1 10.6 11.0 0.7 443
Coffee waste II* 35 30.7 9.8 10.7 0.5 44.8

"It was obtained from coffee shops near the Chungbuk National University.

21t was obtained from Nestle Korea Ltd. (Cheongju, South Korea).
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Table 2. Elemental Composition of Wood Pellets, Wood Sawdust and Coffee Waste

)
=

S AE H oolo gt &3 A=

N (%) C (%) H (%) S (%) Cl (%)
Larch pellet T' 0.1 47.58 5.92 ND ND
Larch pellet II* 0.1 47.19 6.23 ND ND
Yellow poplar sawdust® < 0.1 46.91 5.77 0.02 ND
Larch sawdust® 0.1 44.94 5.77 0.01 ND
Coffee waste 23 42.07 6.18 0.25 < 0.01
1"-grade pellet’ <03 - - < 0.05 < 0.05
2"_grade pellet’ <05 - - < 0.05 < 0.05
3"-grade pellet’ < 0.7 - - < 0.05 < 0.05
4" grade pellet’ < 1.0 - - < 0.05 < 0.05

"It was obtained from SYENP Co. Ltd. (Cheongju, South Korea).

Tt was obtained form National Forestry Cooperative Federation (Yeoju, South Korea).

* Liriodendron tulipifera L.
* Larix kaempferi C.

5 Minimum requirements of wood pellet standard designated by National Institute of Forest Science.
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Table 3. Contents of Metals and Heavy Metals Contained in Wood Sawdust, Coffee Waste and Agricultural

Residues (Unit: mg/kg)

Yellow poplar Larch Coffee waste Barley straw Wheat straw 1%-grade pellet'
Ca 621 471 297 6,434 10,307 -
K 216 115 38 12,646 12,536 -
Na 52 66 121 296 60 -
Mg 109 84 36 764 760 -
As < 0.1 0.2 ND ND ND = 1.0
Pb ND ND ND ND ND =10
Ni 2 <1 2 <1 <1 = 10
Hg ND ND ND ND ND = 0.05
Cd ND ND < 0.1 ND < 0.1 = 05
Cr ND <1 <1 1 4 <10
Zn 11 2 12 2 9 = 100
Cu 3 2 8 7 5 =10

! Minimum requirements of wood pellet standard designated by National Institute of Forest Science.
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Composition (wt%) Fabricated Composition (wt%) Fabricated
Larch Coffee waste Pellets Larch Coffee waste Pellets
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Fig. 1. Images of pellets made by larch sawdust and coffee waste. Amount of larch and coffee waste used for
the fabrication of pellets were based on the its oven-dry weight.

Azt AT WA ks AS A 5 9
thAhn 5, 2013; Ahn 5, 2014). o|2]3+ Alua

lo 5o N o2 2ot ¥ pk
o 2 ot i
{0 mlo
NI
o X
s
i)
")
.
=3
aQ
[\)
®
iy
flo
fin)
g,
pc)
=2

= At

Ao ggs FE9 ZEZEEe WHAEe
673-679 kg/m® U 98.3-98.8% Ho|g2 HIl o] #
et gt Aaglo]l AR e AAIskeleH, 1
S = FEAESEY] 19 7SS B St
ATHTable 4). T} A W= Sl= H9E
A 2e] vlaoA AEZ|UEeEs A Weken o

THE RN wored), o)t AR WA

v =1.744x + 17.058

25 | T R'-09547
20 -

Higher heating value (MI/kg)

100/0 75/25 50/50 25/75 0/100

Oven-dry weight of larch sawdust/coffee waste (W1%/wt%)

Fig. 2. Effect of the oven-dry weight ratio of larch
sawdust and coffee waste on the higher heating
value of the pellets. Bold line means the minimum
requirement of higher heating value for the standard
of 1%-grade wood pellet designated by National
Institute of Forest Science.
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Table 4. Fuel Characteristics of Commercial Wood

Pellets and Coffee Waste-based Pellets

Type' Moisture content Ash content Higher Heating Bulk der}lsity Durability
(%) (%) value (MJ/Kg) (kg/m”) (%)
Larch pellet I? 8.7 0.5 18.6 789 98.0
Larch pellet II° 11.9 0.3 18.5 844 99.5
W:CW=100:0 72 0.3 19.0 679 98.8
W:CW=90:10 6.8 0.4 19.4 675 98.7
W:CW=280:20 72 0.4 19.7 673 98.7
W:CW=70:30 7.7 0.4 20.4 674 98.6
W:CW=60:40 6.1 0.4 21.0 674 98.3
W:CW=50:50 6.5 0.4 21.7 677 98.5
1%-grade pellet* = 10 = 07 = 18.0 = 640 = 975
2"_grade pellet* =10 =15 = 18.0 = 600 = 975
3".grade pellet* =15 = 30 = 169 = 550 = 95.0
4" grade pellet* =15 = 6.0 = 169 = 500 = 95.0
"W and CW in the column mean larch sawdust and coffee waste, respectively.
It was obtained from SYENP Co. Ltd. (Cheongju, South Korea)
It was obtained form National Forestry Cooperative Federation (Yeoju, South Korea).
*Minimum requirements of wood pellet standard designated by National Institute of Forest Science.
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