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To enhance the utilization of wood-based derivatives and to reduce the gaseous emissions during com-
bustion, this study used wood processing residues from Japanese cedar (JC) as a precursor, and prepared
JC charcoal (JCO) in different carbonization temperatures. The combustion emission gas was analyzed by
Continuous Emission Monitoring (CEM) based on the briquetting conditions, such as the JCC particle size,
the mixing percent weight with charcoal and pulping byproduct lignosulfonate (JCC/LS, wt%), and the pre-
determined density of charcoal briquette (PD). The briquetting conditions with less gaseous emission was
developed into “Biomass Charcoal Briquettes (BCB)” by cold pressing. The JCC yielded at the range of car-
bonization temperature of 300-600°C was 33.22-42.09%. The heating values of JC and various JCCs were
15.54 MJ/kg and 24.51-28.54 MJ/kg, respectively. The power consumption and CO, emission were the low-
est at the carbonization temperature of 300°C. To develop BCB, the JCC particle size 100-200 mesh at
90/10 wt% and 0.6 g/cm’, 80/20 wt% and 0.6 g/cm’, 80/20 wt% and 0.8 g/cm” and 80/20 wt% and 1.0 g/cm’® of
JCC/LS and PD had less gaseous emission. The heating value of BCBs was 21.02-22.68 MJ/kg, which was
higher than that of JC by 45.94%. The heating value of the BCB with the same mixing percent weight
increased with the PD. The “BCB” increases the value-added of wood-based derivatives, and evaluates the
combustion emission gas in the briquetting condition before briquetting preparation can serve as a refer-
ence for developing biomass energy.
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INTRODUCTION

The biomass energy is physically, chemically, and
biologically transformed from biomass into solid, liquid,
and gaseous energies with physical and chemical charac-
teristics. The preparation techniques include biomass
gasification, liquefaction, and pyrolysis (Demirbas,
2004). The biomass is transformed by pyrolysis into
charcoal with high carbon content and a higher heating
value, such as the fermentation residue — Sorghum
Distillery Residue (Lin et al., 2021). The wood-based
residues often processed with incineration or landfill.
The produced gas by these processes is the part that
influences the greenhouse effect (EPA, 2021a). The
charcoal, transformed from the residues, can use as bio-
mass energy, and the greenhouse gas can reduce possi-
bly. The wood-based derivatives include wood process-
ing residues and pulping byproduct. The average resi-
dues of Taiwan’s lumber mills accounts for about 21.6%
(86,000 m?) of the wood-based materials (EPA, 2021b).
These wood-based derivatives are biomass and have a
potential for renewable energy (Wamukonya and Jfnkins,
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1995). In terms of the byproducts generated in the
course of pulping and papermaking, the lignosulfonate
(LS) is derived from the sulfite process or alkaline pulp-
ing. Its molecular structure comprises three basic struc-
tural units including hydroxybenzene propyl, guaiacyl,
and syringyl. It is a good water—soluble anionic sur-
factant for containing such hydrophilic groups as a sul-
fonic group, carboxyl group, and phenolic hydroxyl
group, and can used as a dye dispersant, boiler anti—scal-
ing compositions, and aqueous solution thickening agent
(Laurichesse and Averous, 2013).

The fossil fuels have wused in the Industrial
Revolution and the greenhouse gases have accumulated
in the atmosphere, which influences the human being
and environment. In general, the gas contaminations
(emission contents, ppm), such as CO, SO,, NO,, and
C.H,, detected from Continuous Emission Monitoring
(CEM) during the combustion at thermal power plants
and waste incinerators (Lin et al., 2004; 2006; 2007a;
2007b; 2011; 2021). The elementary composition per-
centages of fuel can obtain from elemental analysis. In
comparison to fossil fuel, biofuel has lower sulfur and
nitrogen contents, which have lower emission of green-
house gases (Liu, 2014). The biomass energy conversion
technologies include direct firing and physical conver-
sion. In physical conversion, the biomass residues
crushed, screened and dried, and mixed with adhesive
for molding. This produces solid fuel which is easy to
transport and store. Reused derived fuel, wood pellet,
and biomass charcoal briquettes (BCB) are some types
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of solid fuel (Kaliyan and Morey, 2008; Lin et al., 2021).
General solid fuel is used for combustion. The generated
heat energy can be used as biomass energy. Combustion
heat value can measure by using an adiabatic calorime-
ter (EPA, 2007). The heating value is the amount of
heat released from the complete combustion of a sub-
stance, mostly represented by MJ/kg (ASTM D 2015,
2000).

This Japanese cedar (Cryptomeria japonica) wood
processing residues pyrolyzed at different carbonization
temperatures to prepare Japanese cedar charcoal.
According to the heating value and power consumption,
the better carbonization temperature and cohesive LS
were selected to develop “BCB” subject to the utilization
of wood-based derivatives. The briquetting conditions
were likely to be influenced by particle size, mixing per-
cent weight, and predetermined density. The gas com-
bustion result was analyzed by CEM. The emission con-
tents of CO, SO,, NO,, and CH, generated in various
conditions were compared for the development of
“BCB”. Afterward, the heating value was determined by
actual sampling point-selected, and compared with the
other charcoals and fossil fuels. The developed BCB are
expected to increase the utilization and value-added of
wood-based derivatives, and reduce the gaseous emis-
sion during combustion of biomass energy.

MATERIALS AND METHODS

Test materials

Japanese cedar (Cryptomeria japonica D. Don;
JC) wood processing residues was crushed into
4-8 mesh placed in a ventilated area for air—dried. ligno-
sulfonate (LS) was the byproduct of the sulfurous acid
pulping process. Its average molecular weight was
8%x10°g/moL. It is brown yellow, soluble in water and
insoluble in organic solvents. Commercially refined coal
and available wood charcoals A and B were prepared
from tree strip barbecue, produced in Vietnam.

Test method
Moisture content

Refer to CNS 452 (2018) Wood — Determination of
moisture content for physical and mechanical tests to
measure moisture content (MC).

Preparation of Japanese cedar charcoal

Absolute—dried weight 100g of JC was put in the
closed container of the super-high temperature vacuum
carbonization equipment (Chi-How Heating Co., Ltd.).
The gas N, was admitted, where the gas flow was
200 mL/min, in order that the container was free of oxy-
gen. The carbonization temperatures were 300, 400,
500, and 600°C, the heating rates were 5°C/min and
10°C /min (Hayashi et al., 2002; Inguanzo et al., 2002),
the carbonization process was completed, and the
Japanese cedar charcoal (JCC) yield (%) was calculated
by yield (%) = (absolute—dried weight of JCC / absolute-
dried weight of JC)X100 (Lin et al., 2015a; 2015b).

Power consumption

Power consumption (kWh) = electric meter reading
of carbonization furnace turned off after carbonization
was completed — electric meter reading before carboni-
zation furnace was actuated.

CO, emission

The electricity carbon emission coefficient (CO,
emission CO,e, kg) = Power consumption (kWh)x0.509
(Taipower, 2005).

FElement analysis

The carbon (C), hydrogen (H), nitrogen (N), and
sulfur (S) contents of the specimens were determined
using the elemental analyzer (Elemental Vario CHNS/O
Analyzer, EA, Germany), and oxygen (O) was calculated.

Combustion emission gas analysis

The specimens of biomass charcoal briquettes
(BCB) at the preparing conditions of JCC particle size
of, mixing percent weight of JCC to LS (JCC/LS, wt%),
and predetermined density of charcoal briquette (PD),
and BCB were placed in a 45° heating test device by
Continuous Emission Monitoring (CEM). The emission
contents (ppm) of CO, NO,, SO, and CxHy were zero,
and the volume concentration percentages (VOL %) of
0, and CO, were the preset standard values: O, was
20.7%, and CO, was 0.2%. When the emission tempera-
ture was room temperature, liquid propane was used as
the fuel, the temperature of the Bunsen burner was
837.5x+6.5°C, and the flame temperature was tested by
connecting the temperature recorder (MMS-3000-
T6V4) to the high temperature probe. To know the
emission pollution source, the emission contents from
the combusted specimens were determined by flue-gas
analyzer (E 8500 plus Flue-gas analyzer, USA), where
the gas probe was connected to the 45° heating test
device emission port to determine the emission gases
from combustion (Lin et al., 2004; 2006; 2007a; 2007b;
2011; 2021).

BCB preparation conditions

(1) Preparation of JCC particle size: Crushed by a pul-
verizer. Different particle sizes were screened out of
screen mesh including 60-80, 100-200, and above
200mesh. The JCC particle size was selected in
accordance with the results of emission contents
from CEM.

(2) The mixed percent weight of JCC/LS: After selecting
the particle size of JCC, the mixing percent weight
of JCC/LS was set at 90/10, 85/15, 80/20, 75/25,
70/30, and 60/40 wt% for thorough mixing. The
emission contents were analyzed by CEM, and then
the JCC/LS mixed percent weight was selected.

(3) The predetermined density of charcoal briquette
(PD): after the charcoal particle size and JCC/LS
selected, densities 0.6, 0.8, and 1.0 g/cm’ in the same
volume condition calculated the JCC and LS
weights. The LS and water mixed into a charcoal
briquette. The briquette was dried in the oven at
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103£2°C. The emission contents were analyzed by
CEM, and then the PD was selected.

Cold—press molding of BCB

The BCB preparation conditions included JCC parti-
cle size (60-80, 100-200, and above 200 mesh), JCC/LS
(90/10, 85/15, 80/20, 75/25, 70/30, and 60/40 wt%), and
PD (0.6, 0.8 and 1.0 g/cm?). The JC processing residues
was prepared into charcoal by carbonization which was
ground charcoal powder (mesh). The charcoal powder
was mixed with LS according to the mixing percent
weight and PD. The LS and water were mixed into a bri-
quette mat by 1:2 wt%, and was put into the mold having
the following dimensions 10 (L)Xx10 (W)x1.8 (T) cm.
The briquette mat was cold—pressed by oil press for
5min. The BCB was obtained after decompression and
demolding.

Heating value of BCB

Heating value determination of an actual specimen
of BCB: The heating value performed with the actual
sampling points-selected. The heating values at 10
points in the upper, middle, and lower parts of BCB were
measured by an adiabatic calorimeter (1341 Plain Jacket
Calorimeter), and then the average and standard devia-
tion were calculated (Lin et al., 2021).

Statistical analysis

The Statistical Product and Service Solutions 12 was
used for Duncan’s multiple range analysis. The charcoal
yield and the heating value differences of JC, JCC, BCB,
and fossil fuel were compared (p<0.05). The differ-
ences of the emission contents in different preparation
conditions were determined by variation coefficient anal-
ysis. The heating values compared by independent sam-
ple T—test.

RESULTS AND DISCUSSION

Charcoal yield, heating value, and power consump-
t1on

The air-dried MC of JC and LS was 10.36 and 5.79%,
respectively. The air-dried MC of the charcoal carbon-
ized at 300°C was 3.72%. Table 1 shows the charcoal

yield, heating value of JC, LS and the JCC prepared at
different carbonization temperatures, and power con-
sumption and CO, emission of JCC. The JCC charcoal
yields of carbonization at temperatures of 300, 400, 500,
and 600°C were 42.09, 37.75, 35.17, and 33.22%, respec-
tively. Lin et al (2021) indicate that the charcoal yield
decreases as the carbonization temperature and time
increases, and the heating value increases with carboni-
zation temperature and time. After carbonization, the
heating value of JC increased from 15.54 MJ/kg to 24.51—
28.564 MJ/kg of JCC, about 1.58-1.84 times.

The power consumption increased with carboniza-
tion temperature and time. The power consumption of
carbonization at the temperature of 600°C was 8.0 kWh,
which was 2.35 times of 3.4 kWh at the temperature of
300°C. The CO, emission CO,e is 0.509 kg CO,e/kWh
(Bureau of Energy, 2019). The CO, emission at the car-
bonization temperature of 600°C was 4.07 kg, which was
2.35 times of 1.73 kg at the carbonization temperature of
300°C. Considering energy saving and carbon reduction,
the preparation condition—carbonization temperature of
300°C had a higher charcoal yield, minimum power con-
sumption, and minimum CO, emission, this carbonization
temperature was selected to develop BCB.

FElemental analysis

Friedl et al (2005) indicate that the elementary
composition of biomass can used for estimating the heat-
ing value. The C, H, S, N, and O percentages of sub-
stances can obtain by elemental analysis. The C content
in biomass was generally 45.70-50.50%. The C content
in LS and JC was 45.51 and 51.89%; the H content was
9.07 and 11.85%; the N, and S contents were 0.16 and
0.20%, and 0.12 and 4.68% respectively, while the O con-
tent was 35.96 and 40.59% (Table 2). The JC was pre-
pared into JCC at the carbonization temperature of
300°C and the C content increased from 51.89 to
74.48%. As the pyrolysis the H,O, tar, CO, and CH bond
rupture (Tang abd Bacon, 1964), the C content increases
relatively (Hu et al., 2000). The C content of JCC
increased about 73.50%, and is close to commercial
charcoals (Tejado et al., 2007). The H and O contents
decreased relatively. The H content decreased by about
62.62% and the N and S contents relatively increased

Table 1. Charcoal yield, heating value, of Japanese cedar, lignosulfonate and charcoals prepared at
different carbonization temperatures, and power consumption and CO, emission of charcoals

Specimen” Yield Heating value Power consumption CO, emission

%) MJ/kg) (kWh) (kg)

LS - 15.43 (0.51) - -

JC - 15.54 (0.57) -

JCC-300 42.09 (0.76)™ 25.62 (0.85)™ 3.4 1.73

JCC—400 37.75 (0.36)" 24.51 (0.34)" 4.6 2.34

JCC-500 35.17 (0.70) ¢ 26.95 (0.21)°¢ 58 2.95

JCC-600 33.22 (0.41)° 28.54 (0.29)° 8.0 4.07

Y LS: lignosulfonate, JC: Japanese cedar, JCC: JC charcoal; JCC—carbonization temperature
» Mean (standard deviation) by Duncan’s multiple range tests at 5% significant level with lowercase
English words for the difference of different carbonization temperature
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while the O content decreased by about 42.99%. As LS
belonged to a sulfonic group, it had higher S content.

JCC particle size

General combustion is the high—energy molecular
collision between fuel and oxygen molecules. Smaller
charcoal particles during combustion make a large sur-
face area of contact and increase the combustion rate.

H. C. LIN et al.

The JC particle size is related to the feasibility of making
LS into BCB. After the LS screened through the screen
mesh, the particle size was 60-80 mesh. The JC particle
size; therefore, was designed as 60-80, 100-200, and
above 200 mesh. Figure 1 shows the combustion emis-
sion gases of JCC with different particle sizes and LS.
The combustion temperature and CO, of various speci-
mens increased with time. The O, decreased relatively

Table 2. Element analysis of Japanese cedar, lignosulfonate and charcoal prepared at 300°C of carbonization

temperature
Specimen C (%) H (%) N (%) S (%) O (%)
LS 45.51 (0.07)" 9.07 (0.01) 0.16 (0.01) 4.68 (0.18) 40.59 (0.11)
JC 51.89 (0.26) 11.85 (0.04) 0.20 (0.02) 0.12 (0.02) 35.96 (0.30)
JCC-300 74.48 (0.09) 4.43 (0.11) 0.24 (0.01) 0.36 (0.07) 20.50 (0.05)
Y See Table 1
» Mean (standard deviation)
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Fig. 1. Relationships between combustion time and emission gas temperature, O,, CO, concentra-
tion, emission contents for briquetting condition with different particle size.

Legends Particle size (mesh):
Note LS: See Table 1
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as CO, increased (Hu et al., 2000; Lin et al., 2004; 2006;
2007a; 2007Db).

At about 100 s of combustion, the combustion tem-
peratures of three of particle sizes—60-80, 100-200, and
over 200 mesh increased rapidly which were 36.0, 33.3,
and 33.7°C. At about 600 s of combustion, the tempera-
tures were 64.7, 59.0, and 58.3°C, respectively, and at
100 s and 600 s of combustion, the LS combustion tem-
peratures were 34.0 and 48.0°C. The emission contents
of CO, SO,, NOx, and C H, increased with time. In terms
of emission content of SO,, the three particle sizes had
similar result tendency. For the peak at about 50s of
combustion, the emission contents of 60-80 mesh was
61 ppm, for 100-200 mesh it was 50 ppm, and above 200
mesh it was 54 ppm. The NOx emissions of them were
within the standard of 100 ppm for air pollutant emission
(EPA, 2018). Table 3 shows the cumulated combustion
emission contents of CO, C H,, NO,, and SO,. The cumu-
lated combustion emission contents of 100-200 mesh
had a lower wvariation coefficient than those of
60-80 mesh and above 200 mesh.

In terms of emission content of CO, the peak
occurred at 200 s of combustion. The 60-80 and above
200 meshes had higher emission, which were 753 and
590 ppm respectively. The 100-200mesh had lower
emission, which was 525 ppm (Fig. 1). The cumulated
CO of 60-80mesh from the beginning of combustion to
the end of the test was about 28733 ppm, The cumulated
CO of 100-200 mesh and above 200 mesh was 22245 and
29222 ppm, respectively. The 100-200 mesh had lower
CO emission (Table 3).

According to the SO, and NOx emission results, the
60-80, 100-200, and above 200 meshes had similar emis-
sion tendencies. The emission contents of CO and C.H,
for 100-200 mesh was lower. The 60-80 mesh had a
larger particle size. A higher CO emission (792 ppm)
meant there might be incomplete combustion. The
above 200 mesh had a smaller particle size but the emis-
sion was higher. It leaded to incomplete combustion
(Fig. 1). The JCC particle size used 100-200 mesh as
the BCB preparation condition. Moreover, The CEM
result of LS showed that the CO, SO,, and NOx emissions
increased with time. The cumulated combustion emis-
sion gas of NOx (256 ppm) for LS was higher than that
for JCC, and that for C{H, showed the LS had higher
emission than JCC (Table 3).

The peak of emission content of C H, occurred at
200 s of combustion. The emission of 60-80 mesh was
6622 ppm; that of 100-200 mesh was 6841 ppm, and for
above 200 mesh it was 9312 ppm (Fig. 1). From the
beginning to the end of combustion, the cumulated CH,
of 60-80 mesh was 317836 ppm, that of 100-200 mesh
was 207367 ppm, and for above 200mesh, it was
343263 ppm (Table 3). The cumulated combustion
emission gas of 100-200 mesh was lower than above 200
mesh by 26.5% (Table 3). The 100-200 mesh with lower
emission contents was as the briquetting conditions.

Mizing percent weight of JCC/LS

The mixing percent weight of JCC/LS related to one
of the briquetting conditions. For CEM evaluation,
90/10, 85/15, 80/20, 75/25, 70/30, and 60/40 wt% of JCC/
LS were used. The gas emitted during combustion
showed the same tendency in the particle size and O,
CO, relationship. The emission contents of CO, SO,,
NOx, and CH, increased with time. The emission con-
tent of NOx had the same tendency as the particle size.
The cumulated combustion emission contents of CO
were 26765 to 29553 ppm. The cumulated combustion
emission contents of SO, were 2068 to 4581 ppm. The
cumulated combustion emission contents of C.H; were
281824 to 474559. The combustion emission gas result
of 80/20 wt% was better and used as the preparation
condition for comparing heating values next (Results no
showed in Table and Fig).

Predetermined density of BCB

The predetermined densities of BCB were 0.6, 0.8,
and 1.0 g/cm® with the JCC/LS at 80/20 wt%. The bri-
quetting conditions—JCC/LS/PD was 80/20/0.6, 80/20/0.8,
and 80/20/1.0. The combustion temperature and the O,—
CO, relationship had the same tendency as the above
results. In the same mixed percent weight and different
density conditions, the 80/20/1.0 had relatively lower
emission contents for CO, SO, and C.H, (Fig. 2).
According to the cumulated combustion emission con-
tents, there were insignificant differences between CO
and SO,. According to the C.H, emission result, the
80/20/1.0 (300175 ppm) had a lower cumulated combus-
tion emission contents than 80/20/0.6 and 80/20/0.8
(338182 and 348884 ppm), but the variation coefficient
were insignificantly. The 80/20/1.0 had lower cumulated

Table 3. Cumulated combustion emission contents of CO, SO,, NO,, and CH, for briquetting content with different particle size and ligno-

sulfonate
) CO (ppm) S0, (ppm) NOy (ppm) CH, (ppm)
Specimen”

M (STD)? cv? M (STD) cv M (STD) cv M (STD) (0%
JCC-60-80 28733 (2243) 0.08 546 (345) (01% 34 (57) 1.68 317836 (86389) 0.27
JCC-100-200 22245 (1578) 0.07 3801 (272) 0.10 126 (38) 0.30 207367 (51921) 0.25
JCC—over 200 29222 (7513) 0.26 3620 (1431) 0.07 89 (34) 0.38 343263 (164987) 0.48
LS 7685 - 256 - 1758 - 573229 -

Y LS and JCC: See Table 1; JCC—particle size (mesh)
» See Table 2
» CV: Variation coefficient
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combustion emission contents. It used as the selected
preparation condition for developing BCB.

Preparation and heating value of BCB

According to the heating value and the power con-
sumption in the carbonization process (Table 1), the
JCC of carbonization temperature 300°C was as the BCB
of prepared condition. The briquetting conditions with
less emission contents were as the selected preparation
condition. The JCC particle size (Fig. 1), and JCC/LS/
PD (Fig. 2) were as the BCB of prepared condition.
There were 10 points of briquette for heating value
determination to evaluate “BCB”. Table 4 shows the
heating values of the specimens, BCB, and other char-
coals. The JC was prepared into JCC by carbonization.
Its heating value increased from 15.54 MJ/kg to 25.62 MJ/
kg. There were significant differences between them
according to independent sample T-test. The heating
value of LS was 15.54 MJ/kg. The heating value of BCB

80/20/0.6; ———: 80/20/0.8; ———:80/20/1.0

prepared by mixing them at different percentages and
densities was 21.02-22.68 MJ/kg, which was higher than
that of JC by 45.94%. The difference between the heat-
ing values of the BCB 90/10/0.6 (21.02MJ/kg) and
80/20/0.6 (21.28 MJ/kg) prepared at the same density,
and different mixed percent weight was only difference
0.26 MJ/kg, which was insignificantly different. The
heating values of the BCBs prepared at different densi-
ties—80/20 wt%, densities 0.6, 0.8, and 1.0 g/cm® were
21.28, 21.32, and 22.68 MJ/kg, respectively. This sug-
gests that a higher predetermined density yields, a
higher charcoal content and a higher heating value are.
According to Duncan’s multiple range analysis, there was
insignificant difference among the commercially availa-
ble charcoal B (22.36 MJ/kg), coal (22.24 MJ/kg), and
BCB 80/20/1.0 (22.68 MJ/kg). This indicates that the
heating value of JC increases after carbonization, and
the heating value of the BCB prepared at the same
mixed percent weight increases with PD.
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Table 4. Heating value of lignosulfonate, Japanese cedar, Japanese cedar charcoal, biomass
charcoal briquettes, and various wood charcoals, fossil fuels

Specimen Heating value (MJ/kg)
LS 15.43 (0.51)
JC 15.54 (0.57)"
JoC 95.62 (0.85)"
90/10/0.6 21.02 (0.88) "
Biomass Charcoal Briquettes 80/20/0.6 21.28 (0.16)™
(BCB): JCC/LS/PD® 80/20/0.8 21.32 (0.20)™
80/20/1.0 22.68 (0.63)"
Wood charcoal A 23.77 (0.17)"

Wood charcoal

Wood charcoal B

22.36 (0.07)°

Refined coal

Imported bituminous coal

Fossil fuel”

Sub-bituminous coal

Anthracite

22.24 (0.47)°
23.86
20.561
29.72

Y See Table 1

» JCC/LS/PD: BCB preparation conditions, Japanese cedar charcoal/lignosulfonate/predetermined

density of charcoal briquette

» Heating value from Bureau of Energy, Ministry of Economic Affairs (2021)

¥ Mean (standard deviation) by Duncan’s multiple range tests at 5% significant level with lower-
case English words: ab for Japanese cedar, Japanese cedar charcoal; ef for the same density
with different mixing percent weight; ij for the same mixing percent weight with different den-
sity; mn for various BCBs; qr for BCB: 80/20/1.0, wood charcoals, and refined coal

CONCLUSION

The heating value of JCC increased with carboniza-
tion temperature. It was 24.51-28.564 MJ/kg and higher
than the 15.54 MJ/kg of JC by 57.72-83.66%. The car-
bonization temperature of 300°C was as for developing
energy—saving and environmentally friendly biomass.
The CEM analysis performed with various briquetting
conditions to evaluate lower cumulated combustion
emission contents of CO, SO,, NOx, and CH,. In terms
of selection of JCC particle size, the 100-200 mesh had
the minimum CO, CH,, relatively lower cumulated SO,
and NOx, and a smaller variation coefficient. The JCC/
LS/PD was 90/10/0.6, 80/20/0.6, 80/20/0.8, and
80/20/1.0 g/cm’.  According to the CEM analysis, the
80/20/1.0 had the minimum C.H, and SO,, and lower
cumulated CO and NOx emissions relatively with lower
variation coefficient. In terms of the heating value of
BCB prepared by cold-press molding, among the follow-
ing briquetting preparation conditions 90/10/0.6,
80/20/0.6, 80/20/0.8, and 80/20/1.0, the 80/20/1.0 had a
higher heating value of 22.68 MJ/kg. It was higher than
that of JC by 45.94%. The heating value of the BCB at
the same mixed percent weight increased with PD. The
heating value of BCB 80/20/1.0 was 22.68 MJ/kg, which
was higher than the 22.24 MJ/kg of refined coal, but
there was insignificant difference. The JC processing
residues carbonized into JCC, and then mixed with LS to
develop “BCB”. The 80/20/1.0 had a lower combustion
emission gas and a higher heating value, and might be a

reference for developing BCB into biomass energy.

AUTHOR CONTRIBUTION

Han Chien LIN designed the study and wrote this
paper. Chia—Hsuan LIAO, Liang-Yu ZHAO, Yun-Chi
CHEN, Pin—-Rong CHU, Hong—Ching YOU performed the
experiments and evaluated data with the statistical anal-
ysis. Noboru FUJIMOTO discussed the experiments and
supervised the work. The authors assisted in editing of
the manuscript and approved the final version.

ACKNOWLEDGEMENTS

The authors offer our sincere appreciation to the
Ministry of science and technology, Taiwan ROC through
Grant No. MOST 108-2313-B-415-008- for financial
support.

REFERENCES

Demirbas, A. 2004 Combustion characteristics of different bio-
mass fuels. Progress in energy and combustion science, 30(2):
219-230

Friedl, A., E. Padouvas, H. Rotter and K. Varmuza 2005 Predic-
tion of heating values of biomass fuel from elemental composi-
tion. Analytica Chimica Acta, 544(1-2): 191-198

Hayashi, J. 1., T. Horikawa, I. Takeda, K. Muroyama and F. N. Ani
2002  Preparing activated carbon from various nutshells by
chemical activation with K,CO,. Carbon, 40(13): 2381-2386

Hu, Y., S. Naito, N. Kobayashi and M. Hasatani 2000 CO,, NO, and
SO, emissions from the combustion of coal with high oxygen
concentration gases. Fuel, 79(15): 1925-1932



32 H. C. LIN et al.

Inguanzo, M., A. Dominguez, J. A. Menéndez, C. G. Blanco and J. J.
Pis 2002 On the pyrolysis of sewage sludge: the influence of
pyrolysis conditions on solid, liquid and gas fractions. Jowrnal
of Analytical and Applied Pyrolysis, 63(1): 209-222

Kaliyan, N. and R. V. Morey 2008 Binding mechanisms of corn
stover and switchgrass in briquettes and pellets. In Ameri-
can Society of Agricultural and Biological Engineers Annual
International Meeting. American Society of Agricultural and
Biological Engineers. pp. 4388-4410

Laurichesse, S. and Avérous, L. 2013 Synthesis, thermal proper-
ties, rheological and mechanical behaviors of lignins—grafted—
poly (e—caprolactone). Polymer, 54(15): 3882-3890

Lin, H. C., T. Ohuchi and Y. Murase 2004 Estimating thermal
behavior and analyzing evolved species of adhesives through
thermogravimetric analysis combined with spectrometric tech-
niques. Journal of the Faculty of Agriculture Kyushu Uni-
versily, Japan, 49(2): 449-459

Lin, H. C., T. Ohuchi, Y. Murase, T. C. Shiah, L. T. Gu, M. J. Lee and
Y. D. Wu 2006 Application of TGA and EDX analysis to evalu-
ate the process of preservative—treated woods. Jowrnal of the
Faculty of Agriculture Kyushu Universily. Japan, 51(2):
337-344

Lin, H. C., T. Ohuchi and Y. Murase 2007a Analysis of combustion
emissions and char from CCA- and ACQ-treated woods. Jour-
nal of the Faculty of Agriculture Kyushu University. Japan,
52(1): 91-98

Lin, H. C. and Y. Murase 2007b Estimation of the thermal decom-
position and analysis of evolved species and char of wood pre-
servatives using thermogravimetric analysis combined with
spectrometric techniques. Journal of the Faculty of Agricul-
ture Kyushu University. Japan, 52(2): 371-380

Lin, H. C. 2011 The impact of air pollution on health, econo-
my, environment and agricultural sources — combustion
emissions analysis of wood-based waste processing—materi-
als. INTECH, Rijeka, Croatia, ISBN: 9789533075280

Lin, H. C., J. S. Hu, W. J. Lee, C. W. Peng, Y. J. Lai, S. C. Wu and N.
Fujimoto 2015a Adsorption characteristics and pore structure
of activated carbons prepared from sorghum distillery residue.
Journal of the Faculty of Agriculture Kyushu University.
Japan, 60(1): 173-182

Lin, H. C., J. S. Hu, W. J. Lee, Y. J. Lai, S. C. Wu and N. Fujimoto
2015b A study of sorghum distillery residue activated carbon

for water purification. Jowrnal of the Facully of Agriculture
Kyushu University. Japan, 60(2): 435-443

Lin, H. C., C. Y Jheng, S. H. Lin and N. Fujimoto 2021 Developing
fermentation waste distillery residue into “biomass fuel charcoal
briquettes” by pyrolysis as boiler steam fuel in brewing process.
Journal of the Faculty of Agriculture Kyushu University.
Japan, In Pressing

Liu, Z., B. Fei, and Z. Jiang 2014 Combustion characteristics of
bamboo-biochars. Bioresource technology, 167: 94-99

Tang, M. M. and R. Bacon 1964 Carbonization of cellulose fibers—
I. Low temperature pyrolysis. Carbon, 2(3): 211-220

Tejado, A., C. Pena, J. Labidi, J. M. Echeverria and 1. Mondragon
2007 Physico—chemical characterization of lignins from differ-
ent sources for use in phenol — formaldehyde resin synthesis.
Bioresource technology, 98(8): 1655-1663

Wamukonya, L. and B. Jfnkins 1995 Durability and relaxation of
sawdust and wheat—straw briquettes as possible fuels for Kenya.
Biomass and Bioenergy, 8: 175-179

ASTM D 2015 2000 Standard Test Method for Gross Calorific
Value of Coal and Coke by the Adiabatic Bomb Calorimeter.
20201201. https://www.astm.org/Standards/D2015.htm

Bureau of Energy, Ministry of Economic Affairs 2021 Open Docu-
ment — Energy Product Unit Calorific Value. 20210906.
file:///D:/userdata/Downloads/% E8%83%BD% E6% BA%90% E7%
94% A2%E5%93%81% E5%96% AE%E4%BD%8DWE7%86%B1
%E5%80%BC%ES8%A1%AS8.pdf

Environmental Protection Administration (EPA) 2007 A test
method for heating the value of waste — incendiary calorimeter.
20201221. http://www.niea.gov.tw/niea/REFUSE/- R21 401C.htm

Environmental Protection Administration (EPA) 2018 Boiler Air
Pollutant Emission Standard. 20201221. https://oaout.epa.gov.
tw/law/LawContent.aspx?id=GL007345

Environmental Protection Administration (EPA) 2021a Global
Atmospheric Protection. 20201221. https:/www.epa.gov.tw/
ENG/CA5A19075AF6D985

Environmental Protection Administration (EPA) 2021b  Solid
Waste Statistics. 20201221. https://www.epa.gov.tw/eng/
513BOB39D090DE4C

Taiwan Power Company (Taipower) 2005 Environmental Infor-
mation. 20211221. http:/www.taipower.com.tw/content/new_
info/new_info- el1.aspx?LinkID=15



