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Abstract. This study focuses on the characterization of biobriquettes produced using starch, recycled paper,

DQG DOJDH ELQGHUV WR VXSSRUW ,QGRQHVLDYV WUDQVLWLRQ WRZDUG
challenges of uneven quality and limited technical capability in local biobriquette production. The research

contribution is the formulation of an optimal combination of binder composition, compression load, and

mold type to achieve high-quality briquettes that meet Indonesian National Standard (SNI) specifications. A

3x3 factorial experiment was conducted with three independent variables (binder proportion, compression

load, and mold type) and five dependent responses (combustion time, burning rate, moisture content, ash

content, and density). Data were analyzed using ANOV$ DQG 7XNH\TV WHVW 5HVXOWY VKRZHG Wi
interactions, particularly between mold type and compression load, strongly influence combustion behavior

and density. The best performance was achieved at a binder composition of 17 #8%, an 8-ton compression

load, and mold size between 1900 2000 cm? The research contributes to biobriquette optimization

methodology through factorial design analysis, supporting sustainable energy development and efficient

biomass utilization in Indonesia.Keywords: Biobriquette; Binder characterization, Biomass energy;

ANOVA,; Sustainable fuel

1 Introduction

The global shift toward renewable energy has intensified
efforts to develop alternative fuels that can replace
conventional fossil-based sources responsible for
environmental degradation and greenhouse gas emissions.
Among various renewable options, biomass-derived
briquettes, often referred to as biobriquettes, have gained
attention for their dual role in addressing energy scarcity
and managing agricultural and household waste
effectively. In countries like Indonesia, where agricultural
residues, coconut shells, and organic waste are widely
available, the utilization of these resources for briquette

and provided insight into the synergistic behavior of
process variables in determining the overall briquette
performance [1,3,8,10,13,14,16,24,28].

Ultimately, the findings aim to establish a strong
correlation between process parameters and briquette
properties, offering practical guidance for optimizing
production according to the Indonesian National
Standard (SNI) for solid biofuels. By integrating waste
utilization and renewable energy concepts, this research
contributes to reducing environmental impacts while

HQKDQFLQJ

SURGXFWLRQ VXSSRUWYV Wstikhbl@ D WooiRpetifikene¥sLix ltH? @lothll niarkdf. Moreover, the

and low-carbon economy. Nonetheless, the inconsistency
in raw material quality, improper binder formulations, and
non-optimized manufacturing parameters continue to pose
major obstacles in producing briquettes with uniform
strength and combustion stability
[2,4,5,6,7,9,11,12,17,21,22,23,27].

This study was conducted to overcome those limitations
by examining the characteristics of Dbiobriquettes
manufactured using eco-friendly binders composed of
starch, recycled paper, and algae waste. A factorial
experimental design with three factors and three levels was
applied to systematically evaluate the influence of binder
composition, compression load, and mold type on key
response variables, including combustion time, burning
rate, moisture content, ash content, and density. Statistical
analysis was performed using analysis of wvariance

(ANOVA)foOORZHG E\ 7XNH\TV WHVW W

effects and interactions among the studied factors. These
methods allowed the identification of non-linear responses
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study reinforces the importance of factorial analysis as a
reliable tool for improving the consistency, quality, and
sustainability of biobriquette production systems
[11,12,13,14,15,18,19,20,25,26,29,30].

2 Methods

This research on the production of briquette was carried
out from April to June 2025 at the Industrial Engineering
Laboratory, Faculty of Engineering, University of
Trunodjoyo Madura. The study collected primary data
through direct measurements of the concrete blocks and
by testing their compressive strength and water
absorption. A total of 27 experimental data points were
obtained from 33 samples

tal d \ 1 d factors, each
ﬁﬁéﬁe@wﬁ ﬁrst act rt‘vai‘b'%}lé cg\rlnposmon

con51st1ng of 16% (6% waste paper, 5% algae waste, 5%

,QGRQHVLDYY UHQHZDEOH



EPJ Web of Conferencexi4, 01044(2025)
AIPTEC 2025

https://doi.org/10.1051/epjconf/202534401044

starch waste), 18% (8% waste paper, 5% algae waste, 5%
starch waste), and 20% (10% waste paper, 5% algae waste,
5% starch waste), with the assumption that binder content
would not exceed 20% of the total material. The second
factor was compression load, varied at 6, 8, and 10 tons.
The third factor was mold size, with dimensions of 3x3

(1440 cm?), 4x3 (1920 cm?), and 5x3 (2400 cm?). Each

combination was repeated four times.

The main

equipment used included a briquette press machine,
precision scales, and raw materials such as coconut shell
charcoal and binders made from algae, paper, and starch
residues.

Table 1.Research data.

No | Combination | BC (%) [ CL (Ton) [ MT (cm?) | CT (min) | BR (g/min) | MC (%) | AC (%) [ D (zem®) |
1 BC1,CL1,MT1 16 6 1440 60.46 0.18 9% 6% 1.17
2 BCI1,CL1,MT2 16 6 1920 60.21 0.24 3% 8% 1.04
3 BCI1,CL1,MT3 16 6 2400 60.89 0.23 10% 12% 1.06
4 BCl, CL2,MT1 16 8 1440 58.28 0.23 5% 9% 1.03 o
5 BC1, CL2,MT2 16 8 1920 59.09 0.25 8% 5% 1.07 »13‘
6 BC1, CL2,MT3 16 8 2400 59.56 0.18 10% 12% 0.81 =
7 BCl1, CL3,MT1 16 10 1440 58.08 0.13 10% 10% 1.07
8 BCl1, CL3,MT2 16 10 1920 59.53 0.17 9% 8% 0.93
9 BCl1, CL3,MT3 16 10 2400 58.09 0.27 9% 12% 1.09
92 | BC2,CL1,MT2 18 6 1920 58.49 0.18 8% 8% 0.93
93 | BC2,CL1,MT3 18 6 2400 58.38 0.23 9% 11% 0.98
94 | BC2,CL2,MT1 18 8 1440 59.15 0.19 9% 9% 1.01
95 | BC2,CL2,MT2 18 8 1920 59.46 0.19 10% 12% 0.99
96 | BC2,CL2,MT3 18 8 2400 58.73 0.1 8% 8% 0.92
97 | BC2,CL3,MT1 18 10 1440 59.69 0.18 9% 8% 1.05 z
98 | BC2,CL3,MT2 18 10 1920 59.33 0.16 8% 11% 1.09 =
99 | BC2,CL3,MT3 18 10 2400 59.73 0.15 8% 11% 0.91 §
100 | BC3,CL1,MT1 20 6 1440 59.73 0.15 10% 7% 0.97 é'
101 | BC3,CL1,MT2 20 6 1920 59.12 0.15 9% 9% 1.09 -
102 | BC3,CL1,MT3 20 6 2400 60.52 0.19 10% 7% 0.9
103 | BC3,CL2,MT1 20 8 1440 58.42 0.16 11% 12% 1.21
104 | BC3,CL2,MT2 20 8 1920 59.7 0.17 10% 8% 1.04
105 | BC3,CL2,MT3 20 8 2400 59.76 0.11 8% 13% 0.87
106 | BC3,CL3,MT1 20 10 1440 60.48 0.2 11% 10% 1.06
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Fig. 7. Countur and surface plot of combustion time.

Contour Plots of Burning Rate

Burning Rats
L] < 008
M 005 - 009
M 009 - 012

012 - 015
M o015 - o018
W o - o021

150 165 180 195 210 150 165 180 195 210 Compre: 8
Wold Type-Compreszion losd Mold Type 1920

Surface Plots of Burning Rate

3

8
Mold Type 1920

Fig. 8. Countur and surface plot of burning rate.

For the Burning Rate (BR), the highest combustion rate
was obtained at binder compositions of 17 #9%, high
compression loads (>9 tons), and mold sizes of 1900 2100
cm?. The bright green zones corresponded to maximum
burning rates. The curved 3D surface indicated significant
quadratic effects of Compression Load and Mold Type,
confirming the ANOVA findings. This suggests a non-
linear relationship where further increases in these factors
no longer enhanced the burning rate due to material
saturation. The optimal combination for achieving a high
and stable burning rate was binder composition 18%,

compression load of about 8§ tons, and mold type 1900 *

2000 cm?.

Contour Plots of Moisture Content
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Fig. 9. Countur and surface moisture content.

The Moisture Content (MC) plot revealed that the
highest water content occurred under high compression
loads (>9 tons) with low to medium binder compositions
(15 #47%), whereas the lowest moisture was observed at
higher binder compositions (18 £0%) and moderate
loads (6 8 tons). The curvature pattern along the Mold
Type axis indicated a notable quadratic influence,
aligning with ANOVA results. In practical terms, higher
compression loads tend to trap vapor, thereby increasing
moisture retention, but this effect stabilizes beyond a
limit. The optimal condition for obtaining low and
consistent moisture was binder composition 18 H9%,
compression load 7 8 tons, and mold type 1900 2000
cm?.

For the Ash Content (AC), higher ash levels appeared
at elevated binder compositions (18 20%) and higher
compression loads (>9 tons), while lower ash content was
associated with lower binder levels (15#6%) and
moderate loads (6 8 tons). The curvature in the Mold
Type direction signified a quadratic effect, consistent
with ANOVA outcomes. Practically, both binder and
load increased ash formation by strengthening the
internal bonding, though the effect plateaued beyond a
certain level. The best configuration for maintaining low
and consistent ash content was achieved at binder
composition 17 #48%, compression load around 8 tons,
and mold type 1900 £000 cm?.

For the Density (D), the highest compactness was
observed at binder compositions of 18 #9%, high
compression loads (>9 tons), and mold types around
1900 2100 cm? Dark green regions on the graph
represented maximum density zones. The wavy contour
surface reflected significant quadratic effects of both
Mold Type and Compression Load, as verified by
ANOVA. This indicated that the effect of these variables
was not linear; density improved up to a certain point and
then decreased due to over-compression or uneven binder
distribution. The most favorable combination for high
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was significant (p = 0.013), revealing a non-linear relationship
between mold size and combustion time. The lack-of-fit test
yielded a p-value of 0.067, suggesting that although the model
is generally acceptable, it does not fully capture all data
variations.

and stable density was achieved at binder composition 17
18%, compression load near 8 tons, and mold type 1900 *
2000 cm?.

Contour Plots of Ash Content

Table 2. ANOVA of combustion time.

Ash Content

] < 006
M 005 - 007
W 007 - o008
M o008 - 009 . )
e Analysis of Variance
010 - oM
R Source DF_Adj SS Adj MS F-Value P-Value
ord Vatues Model 9 47611052001 058 0811
Binder Composition 18 Linear 3 0.9160 0.30533 033 0801
o e Binder Composition 1 01586 0.15857 017 0679
Compression load 1 07112 0.71124 078 0382
Mold Type 1 0.0486 0.04860 005 0819
Square 3 3.6307 1.21022 132 0276
Binder Composition*Binder Composition 1 2.9426 2.94265 321 0078
Compression load*Compression load 1 03760 0.37602 041 0524
Mold Type*Mold Type 1 03762 0.37620 041 0524
2-Way Interaction 3 05206 0.17352 019 0903
Binder Composition*Compression load 1 0.0385 0.03850 004 0838
surface Plots of Ash Content Binder Composition*Mold Type 1 04348 043478 047 0494
 Hold Values Compression load*Mold Type 1 00473 004728 005 0.821
Binder Composition 18
Compression load 8 Error 60 54.9982 0.91664
> Mold Type 1920 Lack-of-Fit 513.1039 2.62078 344  0.009
[ Pure Error 55 41.8943 0.76171
" i Total 69 50.7503
[ wdatyee
Table 3. ANOVA of burning rate.
Analysis of Variance
Source DF AdjSS Adj MS F-Value P-Value
Model 9 0.032938 0.003660 166 0123
Linear 3 0.006895 0.002298 104 0382
Binder Composition 1 0.005237 0.005237 237 0130
Compression load 10.000279 0.000279 013 0724
Fig. 10. Countur and surface ash content. Mold Type 10001378 0.001378 062 0433
Square 3 0.011709 0.003903 177 0.165
Binder Composition*Binder Composition 1 0.006563 0.006563 297 0091
) Compression load*Compression load 10.006563 0.006563 297 0091
Contour Plots of Density Mold Type*Mold Type 10002713 0002713 123 0273
Compreaion losdBinder Compostion Mold TupeBinder Composition Dersity 2-Way Interaction 30014334 0004778 216  0.103
2250 = asso - oot Binder Composition*Compression load 1 0.006903 0.006903  3.12  0.083
M 0975 - 1000 Binder Composition*Mold Type 10.000528 0.000528 024 0627
2000 5 oo - oz Compression load*Mold Type 10.006903 0.006903  3.12  0.083
M 1050 - 1075 Error 54 0.119331 0.002210
1750 W 1075 - 1100 )
. > 1100 Lack-of-Fit 3 0.001493 0.000498 022 0885
1500 Hold Values Pure Error 510.117838 0.002311
165 180 195 210 Binder Composition 18 Total 63 0.152269
Compression load 8
Mold Type 1920

Table 4. ANOVA of moisture content.

Analysis of Variance

Source DF AdjSS Adj MS F-Value P-Value
Model 9 0.002734 0.000304 111 0370
Surface Plots of Density Linear 30001450 0.000486 178  0.162
Binder Composition 10.000215 0.000215 079 0379
sinder commontan 18 Compression load 100002310.000231 085 0362
Compression load 8 Mold Type 10.001013 0.001013 371 0059
= Meld Type 1920 Square 30001050 0.000350  1.28  0.290
Binder Composition*Binder Composition 1 0.000086 0.000086 031 0578
" Compression load*Compression load 10.000086 0.000086 031 0578
i Mold Type*Mold Type 10.000984 0.000984 360 0.063
et 2-Way Interaction 30.0002250.000075 027  0.843
Binder Composition*Compression load 1 0.000013 0.000013 005 0831
Binder Composition*Mold Type 10.000013 0.000013 005 0831
Compression load*Mold Type 10.000200 0.000200 073 039%
Error 54 0.014749 0.000273
Lack-of-Fit 30.000399 0.000133 047 0703
"‘" Pure Error 51 0.014350 0.000281
e Total 63 0.017483

The ANOVA results showed an overall p-value of
0.218, indicating that the model was not statistically
significant. Nevertheless, the quadratic component of
Mold Typewas significant (p = 0.020), demonstrating a
non-linear association between mold geometry and
combustion rate. The lack-of-fit test was significant (p =
0.030), suggesting that the fitted model did not
completely represent the experimental data.

Fig. 4. Countur and surface density.

3.1 ANOVA

The ANOVA model for Combustion Time produced a p-value of
0.380, indicating that neither the main factors nor their
interactions had a statistically significant influence on burning
duration. However, the quadratic term of the Mold Typevariable
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The ANOVA model for Moisture Content showed no
significant effects (p = 0.897), meaning that Binder
Composition Compression Loachnd Mold Typedid not
have a notable impact on the moisture level. However, the
lack-of-fit test was significant (p < 0.001), indicating that
the model did not adequately fit the data and that other
influential variables might not have been included.

Table 5. ANOVA of ash content.

Analysis of Variance

Source DF AdjSS Adj MS F-Value P-Value
Model 9 0.006507 0.000723 152 0.164
Linear 3 0.001722 0.000574 121 0316

10.000861 0.000861 1.81  0.184
Compression load 1 0.000748 0.000748 1.57 0215
Mold Type 10.000113 0.000113 024 0629

Square 3 0.000423 0.000141 030 0828
Binder Composition*Binder Composition 1 0.000152 0.000152 032 0

10.000152 0.000152 032 0574

1 0.000000 0.000000 0.00 0991

3 0.004363 0.001454 306 0036

1 0.004050 0.004050 852 0.005

10.000200 0.000200 042 0519

Compression load*Mold Type 10.000113 0.000113 024 0629

Error 54 0.025668 0.000475

Binder Composition

Compression load*Compression load
Mold Type*Mold Type

2-Way Interaction
Binder Composition*Compression load
Binder Composition*Mold Type

Lack-of-Fit 3 0.000785 0.000262 054 0660
Pure Error 51 0.024883 0.000488
Total 63 0.032175

(56.18 s) occurs at 20% binder (group A), while the
lowest (53.45 s) appears at 16% binder (group B). This
indicates that increasing binder composition extends
combustion time, likely due to more binding material
slowing the burning process.

Table 7. Grouping binder composition of respon combustion

time.
Binder Composition | N Mean | Grouping
20 36 | 56.1819 | A
18 36 | 554644 | A | B
16 36 | 53.4492 B

Table 8. Grouping compression load of respon combustion

time.
Compression load| N| Mean |Grouping
10 36/56.4328] A
8 36/54.7478| A
6 36/53.9150 A

Table 10 indicates that compression load does not
significantly affect combustion time, as all levels (6, 8,

and 10 tons) are in group A. Although the mean slightly
increases with higher pressure, the difference is not
In the Ash Content model, the overall ANOVA result statistically significant.
was not significant (p=0.235), but a significant interaction

. ' . Table 9. Grouping mold type of respon combustion time.
was found between Binder Compositioand Compression

Load (p = 0.016). This finding suggests that the effect of Mold Type |N| Mean |Grouping
binder concentration on ash formation depended on the 1440 36/55.23001 A
applied compression level. The lack-of-fit was significant 1920 36|155.0644| A
(p = 0.002), implying that the model only partially 2400 36]54.8011 A

represented the observed behavior.

Table 6. ANOVA of density. Table 10. Grouping all factor of respon combustion time.

Binder
. . Composition*Compression|N| Mean |Grouping
Analysis of Variance load*Mold Type
Source DF AdjSS Adj MS F-Value P-Valu 20 10 1440 4160.1375 A
Model 90.0467610.005196 072 068 20 10 2400 41585600 A
Linear 30033346 0.011115 155 021
Binder Composition 10026826 0.026826 374 005 18 8 2400 4158.0825| A
Compression load 10.004806 0.004806  0.67  0A1 2010 1920 4|57.6950] A
Mold Type 10.002103 0.002103 029  0.59 18 10 1440 4|57.4500] A
Square 30008174 0.002725 038 076 18 10 1920 41572700 A
Binder Composition*Binder Composition 1 0.002397 0.002397 033 0.56 20 6 1920 4156.7500 A
Compression load*Compression load 1 0.002397 0.002397 033 0.56
‘vi:lde\,'pe‘I‘ﬂold Type 10007929 0.007929 111 0.29 18 10 2400 4]56.6500 A
2-Way Interaction 30.007770 0002590 036 078 16 10 2400 4]56.3450] A
Binder Composition*Compression load 1 0.001613 0.001613 023 063 20 8 1440 4156.1350 A
Binder Composition*Mold Type 10.006573 0.006573 092 034 20 8 1920 4156.0475 A
Compression load*Mold Type 1 0.000003 0.000003 000 098 16 6 1440 4156.0325 A
Error 510365545 0.007168
Lack-of-Fit 30.032740 0.010913 157 020 18 8 1920 4155.7725] A
Pure Error 48 0332805 0.006933 20 6 1440 4|55.2925| A
Total 60 0.412306 20 8 2400 4|55.0700 A
16 6 1920 4]55.0475] A
18 8 1440 4154.5325 A
The ANOVA analysis for Density yielded a p-value of 18 6 1440 41543275 A
0.978, confirming that neither main effects nor interactions 18 6 2400 41534875 A
were statistically significant. The lack-of-fit test was non- 16 10 1920 41529675 A
significant (p = 0.843), suggesting that although no 16 6 2400 41527400 A
meaningful effects were detected, the model adequately 16 8 1920 41524225 A
represented the overall data trend. 16 8 1440 4523425 A
16 8 2400 4152.3250 A
3.2 Tukey 18 6 1920 4]51.6075] A
16 10 1440 4]50.8200] A
The Tukey test shows that binder composition 20 6 2400 4149.9500 A

significantly affects combustion time. The highest mean
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The Tukey test reveals that mold type has no
significant effect on combustion time. All mold types
(1440, 1920, and 2400) belong to group A, indicating that
mold variation does not meaningfully change combustion
duration.

The combined Tukey analysis shows that the
interaction of binder composition, compression load, and
mold type has a significant effect on combustion time. The
highest mean (60.14 s) occurs at 20% binder, 10 tons, and
mold type 1440 (group A), while the lowest (49.95 s)
appears at 20% binder, 6 tons, and mold type 2400 (group
A) 2 but all are within the same general group, indicating
moderate  variation. Overall, higher binder and
compression levels increase combustion time up to a point,
after which the effect stabilizes. The optimal combination
for stable combustion is binder 17 #8%, compression 8§
tons, and mold type 1900 £000.

Table 11. Grouping binder composition of respon burning rate.

Binder Composition|N| Mean |Grouping
20 36(0.189444 A
16 36/0.186944 A
18 36]0.164444 A

Table 13 indicates that compression load also has no
significant effect on the burning rate. All levels (6, 8, and
10 tons) fall under group A, meaning changes in pressure
do not greatly impact combustion rate. The burning rate
slightly increases with higher load, but the difference is
statistically insignificant.

Table 12. Grouping Compression Load of respon Burning Rate.

Compression load| N|  Mean|Grouping
10 36/0.183056|A
6 36/0.180000|A
8 36/0.177778|A

The Tukey results show that mold type significantly
affects the burning rate. The highest mean (0.2017) occurs
at mold type 2400 (group A), while the lowest (0.1597) is
at 1440 (group B). The intermediate value (0.1794) at 1920
(group A B) suggests that larger molds promote faster
combustion due to improved heat transfer and airflow.

Table 13. Grouping mold type of respon burning rate.

Mold Type | N|  Mean| Grouping
2400 36/0,201667|A

1920 36(0,179444|A |B
1440 36/0,159722 B

The combined Tukey analysis shows that the
interaction of all three factors significantly affects the
burning rate. The highest mean (0.2800) occurs at binder
16%, load 10 tons, and mold type 2400 (group A), while
the lowest (0.1075) is at binder 16%, load 10 tons, and
mold type 1440 (group C). This indicates that burning rate
increases with higher compression and larger mold type,
but excessive levels cause diminishing returns. The
optimal condition for stable combustion is binder 17 H8%,
compression 8 M tons, and mold type 1900 2100.

Table 14. Grouping all factor of respon burning rate.

Binder
Composition*Compression|N| Mean |Grouping
load*Mold Type
16 10 2400 410.2800{ A
20 8 2400 410.2375|A|B
16 8 1920 410.2250| A |B| C
2010 1920 410.2175|A|B|C
20 10 2400 410.2150|A|B|C
18 6 2400 410.1925| A |B|C
16 6 1920 410.1925| A |B|C
20 8 1920 410.1925|A|B|C
18 10 2400 410.1925|A|B|C
18 8 1440 410.1925| A |B|C
20 6 2400 410.1900{ A |B|C
16 6 2400 410.1900{ A |B|C
20 6 1440 410.1875| A |B|C
2010 1440 410.1875|A|B|C
16 6 1440 410.1850{ A |B|C
1861920 410.1800| A |B|C
16 8 2400 410.1800| A |B|C
16 10 1920 410.1625|A|B|C
16 8 1440 410.1600{ A |B|C
2061920 410.1575 B|C
18 8 1920 410.1550] |B|C
18 10 1440 410.1525 B|C
18 6 1440 410.1450| |B|C
18 8 2400 410.1375 B|C
18 10 1920 410.1325 B|C
20 8 1440 410.1200] |B|C

Table 15. Grouping binder composition of respon moisture

content.
Binder Composition|N| Mean |Grouping
20 36/9.36111| A
18 36/8.83333 B
16 36/8.02778 C

The Tukey test shows that binder composition
significantly affects moisture content. The highest mean
(9.36%) is obtained at 20% binder (group A), while the
lowest (8.03%) occurs at 16% binder (group C). This
indicates that higher binder content increases moisture

UHWHQWLRQ GXH WR WKH ELQGHU(YV K

Table 16. Grouping compression load of respon moisture

content.
Compression load| N| Mean |Grouping
10 36(9.16667| A
8 36|8.72222| A | B
6 36(8.33333 B

Table 16 indicates that compression load moderately
affects moisture content. The highest mean (9.17%)
appears at 10 tons (group A), while the lowest (8.33%) is
at 6 tons (group B). This means increasing compression
load slightly raises moisture content, likely because high
pressure limits moisture release.

According to Table 18, mold type significantly affects
moisture content. The highest mean (9.03%) occurs at
mold type 2400 (group A), and the lowest (8.28%) at
1920 (group B). Thus, larger mold sizes tend to retain
more moisture due to slower heat transfer and uneven

drying.
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Table 17. Grouping mold type of respon moisture content.

Mold Type|N | Mean |Grouping
2400 [36]9.02778| A
1440 [36/8.91667| A
1920  [36/8.27778 B

Table 18. Grouping all factor of respon moisture content.

Binder
Composition*Compression|N|Mean|Grouping
load*Mold Type
20 10 1440 4|11.00[ A
20 8 1440 4|10.50[A [B
16 10 1920 4/9.75|A|B
16 8 2400 4/9.50|A|B
20 6 2400 4/925|A B
16 10 2400 4/925|A|B
18 8 1440 4/925|A|B
20 6 1440 41925|A|B
20 8 2400 419.25|A|B
16 10 1440 4/9.00 A|B
16 6 1440 4/9.00 A|B
18 6 2400 419.00 A|B
18 8 2400 4/9.00 | A|B
2010 1920 4/9.00 A|B
18 8 1920 419.00 A|B
18 6 1440 4/9.00|A[B
1810 1440 4/8.75|A|B
20 10 2400 41875|A|B
16 8 1920 41875|A|B
16 6 2400 4/8.75|A|B
20 8 1920 4/8.75|A|B
206 1920 418.50 B
1810 1920 48.50 B
18 10 2400 4|8.50 B
18 6 1920 418.50 B
16 8 1440 4]14.50 C
16 6 1920 4|3.75 C

The combined analysis shows that all factor
interactions significantly influence moisture content. The
highest mean (11.00%) is found at 20% binder, 10 tons,
and mold type 1440 (group A), while the lowest (3.75%)
occurs at 16% binder, 6 tons, and mold type 1920 (group
O).

This confirms that binder, compression load, and mold
type jointly affect moisture, with the optimum low-
moisture condition at binder 17 #8%, compression 6 8
tons, and mold type 1900 2000.

Table 29. Grouping binder composition of respon ash content.

Binder Composition| N | Mean |Grouping
20 36/10.0000] A
18 36/9.5000| A | B
16 36/8.6111 B

The Tukey test shows that binder composition
significantly affects ash content. The highest mean (10.00)
is found at 20% binder (group A), while the lowest (8.61)
occurs at 16% binder (group B). This means increasing
binder composition raises ash content due to higher non-
combustible material in the binder.

Table 20 indicates that compression load does not
significantly affect ash content, since all levels (6, 8, and
10 tons) are grouped together (A). Thus, ash content is

more influenced by binder and mold type than by
compression pressure.

Table 20. Grouping compression load of respon ash content.

Compression load| N| Mean|Grouping
10 36/9.88889|A
8 36/9.30556|A
6 36/8.91667|A

Table 21. Grouping mold type of respon ash content.

Mold Type| N| Mean|Grouping
2400 36/10.3889|A

1440 36/ 8.9167 B
1920 36/ 8.8056 B

The Tukey test shows that mold type significantly
influences ash content. The highest mean (10.39) occurs
at mold type 2400 (group A), while lower values are
found at 1440 and 1920 (group B). This indicates ash
content increases with larger mold types, likely due to
uneven heat distribution during combustion.

Table 2. Grouping all factor of respon ash content.

Binder
Composition*Compression|N|{Mean|Grouping
load*Mold Type
20 8 2400 4113.50|A
20 10 2400 4113.25|A[B
16 6 2400 4110.50|A|B|C
18101920 4110.50|A|B|C
18 10 2400 4110.25|A|B|C|D
20 8 1440 4110.25|A[B|C|D
18 6 2400 4110.25|A|B|C|D
18 8 1920 4110.00|A|B|C|D
16 10 2400 419.75 |A[B|C|D
16 8 1440 419.75 |A[B|C|D
2061920 419.75 |A|B|C|D
18 6 1440 419.50 |A[B|C|D
20 6 1440 419.50 |A[B|C|D
16 10 1920 419.25 |A|B|C|D
16 10 1440 419.25 |A|B|C|D
18 8 2400 419.25 |A[B|C|D
18 10 1440 419.00 |A[B|C|D
20101920 419.00 |A|B|C|D
16 6 1920 418.75| |B|C|D
16 8 2400 418.75| |B|C|D
2010 1440 418.75| |B|C|D
18 8 1440 418.50 C|D
18 6 1920 418.25 C|D
20 6 2400 418.00 C|D
2081920 418.00 C|D
16 8 1920 415.75 D
16 6 1440 415.75 D

The combined analysis reveals that all factor
interactions significantly affect ash content. The highest
mean (13.50) is found at 20% binder, 8 tons, and mold
type 2400 (group A), while the lowest (5.75) is at 16%
binder, 6 tons, and mold types 1440 #4920 (group D).This
shows ash content increases with higher binder and larger
mold type, with the optimum condition for low ash at
binder 16 #8%, compression 6 8 tons, and mold type
1440 4920.
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Table 23. Grouping binder composition of respon density.

Binder Composition| N| Mean |Grouping
16 36/1.02194] A
20 36/1.01611 A
18 36/1.01000] A

Table 24. Grouping compression load of respon density.

Compression load| N| Mean |Grouping
6 36[1.03806] A
10 36[1.02306] A | B
8 36/0.98694 B

The Tukey test shows that compression load
significantly affects density. The highest mean density
(1.0381) occurs at 6 tons (group A), while the lowest
(0.9869) is at 8 tons (group B). This indicates that
increasing compression load reduces density due to
excessive compaction that causes material relaxation.

Table 5. Grouping mold type of respon density.

Mold Type| N| Mean|Grouping
1440 36/1.04889|A

1920 36/1.01111|]A B
2400 36/0.98806 B

Table 26 indicates that mold type has a significant
influence on density. The highest mean (1.0489) is found
in mold type 1440 (group A), while the lowest (0.9881)
appears in mold type 2400 (group B). This means that
larger mold sizes produce lower density, likely due to less
compact packing within the mold.

Table 26. Grouping all factor of respon density.

Binder
Composition*Compression|N| Mean | Grouping
load*Mold Type

16 6 1440 4(1.2075|A
20 8 1440 4|1.1575|A|B
18101920 411.0650|A|B|C
18 6 2400 411.0575|A|B|C|D
16 10 2400 411.0550|A|B|C|D
2010 1440 411.0525|A|B|C|D
20 6 2400 411.0425|A|B|C|D|E
18 8 1920 411.0350|A|B|C|D|E
16 6 1920 411.0275|A|B|C|D|E
1810 1440 411.0225| |B|C|D|E
16 10 1440 41.0225| |B|C|D|E
206 1920 4(1.0200{ |B|C|D|E
20101920 411.0200] |B|C|D|E
20 10 2400 411.0200{ |B|C|D|E
18 8 2400 4(1.0175| |B|C|D|E
16 6 2400 411.0050| |B|C|D|E
20 6 1440 411.0050| |B|C|D|E
16 8 1440 411.0050| |B|C|D|E
16 10 1920 411.0025| |B|C|D|E
18 6 1440 411.0000] |B|C|D|E
16 8 1920 410.9925| |B|C|D|E
18 6 1920 410.9775| |B|C|D|E
18 8 1440 410.9675 C|DE
20 8 1920 410.9600 C|DE
18 10 2400 410.9475 C|DIE
16 8 2400 410.8800 D|E
20 8 2400 410.8675 E

The combined Tukey analysis reveals that the

10

interaction between binder composition, compression
load, and mold type significantly affects density. The
highest density (1.2075) is achieved at 16% binder, 6
tons, and mold type 1440 (group A), while the lowest
(0.8675) is at 20% binder, 8 tons, and mold type 2400
(group E). This demonstrates that density decreases as
mold type and compression load increase, with the
optimal condition occurring at binder 16 H8%,
compression 6 8 tons, and mold type 1440 H920.

4 Conclusion

This study concludes that the combination of binder
composition, compression load, and mold type
significantly influences the performance and physical
characteristics of biomass briquettes produced from
natural and recycled materials. The factorial analysis
revealed that while the main factors did not always show
strong linear effects, quadratic interactions 2 particularly
for Mold Typeand Compression Load played a crucial
role in shaping combustion behavior, density, and overall
fuel performance. Among the variables tested, the most
stable and efficient combustion was achieved at a binder
composition of 17 #48%, a compression load of
approximately 8 tons, and a mold size between 1900 and
2000 cm? Under these conditions, the briquettes
demonstrated high density, consistent burning rates, and
acceptable ash and moisture contents that comply with
the Indonesian National Standard (SNI) for solid
biofuels.

These findings affirm that using natural binders
derived from starch, algae waste, and recycled paper can
serve as an environmentally responsible and cost-
effective strategy to improve the sustainability of
bioenergy production. The non-linear relationships
observed between the factors suggest that moderate
optimization of both binder ratio and pressing pressure is
essential to achieve desirable briquette properties.
Furthermore, the study highlights the potential of
factorial design and ANOVA as robust analytical tools
for  understanding the  interactions  between
manufacturing parameters and briquette performance.
Future work should focus on refining binder
formulations, integrating alternative biomass residues,
and developing temperature- and pressure-controlled
production systems to ensure higher reproducibility and
combustion efficiency. Overall, the results strengthen the
role of biobriquettes as a renewable, low-emission, and
locally sourced energy alternative capable of supporting

,QGRQHVLDTY WUDQVLWLRQ WRZDUG V
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