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Abstract— Biomass is a suitable material to be developed as an alternative energy source to substitute fossil fuels. Waste of Cacao and
banana processing (peel) are potentially forming into biomass pellets because they have high calorific value. Increasing the caloric
value of biomass fuel can be done through the densification process to produce biomass pellets. This study aims to find the best-mixed
formula and particle size (mesh), thus calculate the physical properties of the best biomass pellets. The quality of biomass pellets is
determined by the physical properties of the pellets. Processing of biomass pellets is by drying cocoa skin and banana peel, grind with
a hammer mill, and sieved with a size of 20, 40, and 60 mesh. Materials are mixed with composition of cacao pod husk and banana
pod husk are 80% : 20%, 70% : 30%, 60% : 40%. Biomass is pressed using a hydraulic press with a diameter of 1 cm, and a height of
1 cm then dried to reduce the moisture content. The result shows the best formula of biomass pellets occurs in a combination of 80%
cacao pod husk and 20% banana pod husk with 60 mesh. This biomass pellet has physical characteristics for calorific value of
4049,815 callg, a volatile matter value of 78,92%, moisture content of 5.17%, ash content of 9,8%, and density of 5,214 §r/cm
Banana pod husk with high levels of lignin can be used as an adhesive, it binding cacao pod husk particles properly and increase
density and calorific value.

Keywords— banana pod husk; biomass pellet; cacao pod husk; calorific value.

Improving the characteristics of biomass is one of the
[. INTRODUCTION ways used to increase caloric value, increase efficiency,

The current human need for energy is increasing with facmtate transportation and storage processes. The

increasing technological advances, and it is expected tha{m?rc&yement c;f charactedrlzncs _c]i_an t_>e maﬂg r']n sevgral ways,
energy supplies must be available at all times. This energy'nC uding torrefaction and densiiication, which can improve
demand is contrary to the availability of fossil energy, which physical properties called pelletization. Pelletization is an

is increasingly in short supply. So for that, energy is Soughtecological technology for converting biomass to solid and

that can be available at any time, one of which is biomass,_uniform [3]. Biomass, which is compacted into pellets, can

biomass is a biological material derived from living things. improve physical and mechanica_l properties_ [7]. The
The potential for bioenergy in Indonesia is very large at torre_factlon process has been carried out on five types of
32653.8 MW consisting of 30051.2 MW of biomass / troplcql wood [8]_ [9]. . . .
biofuel and 2602.6 MW of biogas, the renewable energy mix Besides physical treatment to increase the_ caloric value, it
in Indonesia increases by an average of 0.36% per year [1 aln aIsof be ;jone E.y mixing tvxflo or moreﬂb'omazs LlO] ';]he
Biomass is part of bioenergy non-fossil energy sources that alue of ca cf)”ﬁ |oma§s| fle e_IE‘:'] IS 1N ue;u;)g y :c €
can be converted into biofuel energy sources other enermpomposmon of the materia [. 1 ne Mixing of biomass for
[2], environmentally friendly energy [3]. One type of pellets has been carried out in a mixture of wood (spruce and
biomass energy is biomass pellets; biomass pellets have thB'ne) with alang and straw [12], wood with corn stover,

advantage that physicochemical characteristics are bette?""heau straw and sorghum straw [13], wood with reed canary
than traditional wood [4]. grass, timothy hay and switchgrass [7]. rubberwood with

The use of biomass as an energy source is constraine@a:m ?1'_| Ieavgs [14]. ds will be mixed with b |
with low calorific value, transportation, and storage. For n this study, cocoa pods will be mixed with banana peels

example, woody biomass has a low density and physical and(’j"Ith _]f?m _|dent|f|cat|on_ proc;zss. TE_e advan_tages .Of tI;e
chemical properties that are not good, so that the efficiency ensification process in pellet making are increasing the
of combustion is low [5], increasing transportation costs [6], calorific value per unit volume, facilitating transportation

easily degraded by microbes, depending on the season [3]. and storage of the final product, having uniformity in shape
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and quality. The cacao pod husk, that potential biomassmuffle furnace, bomb calorimeter CAL2K-HB, moisture
waste can be forming to renewable alternative energy. Inmeter MC-7825PS.

2013, the cacao process can reach 720,862 tons, with cacao

pod husk proportion of 75%, cacao beans of 23%, and 295 Methods

placenta. Biomass wastes used as fuel directly a long time Materials are sundried for 3 days to reduce the moisture
ago, but it has a disadvantage burn directly cause poorcontent, then milled using hammer mill FFC37. The ground
physical properties, such as low energy, storage, andmaterials are sieved with a size of 20, 40, and 60 mesh, both
transportation problems. The quality of biomass waste canon cacao pod husk and banana pod husk. Materials are mix
improve into biomass pellets because cacao pod husk has with composition of cacao pod husk and banana pod husk
composition, as shown in Table 1. are 80% : 20%, 70% : 30%, 60% : 40%. Thus, materials
compounds are compressed into pellets using the TSSU
hydraulic press. Each sample was measured about diameter
1 cm and length 1 cm. The biomass pellet is dry use a
laboratory oven with a temperature of 60 °C for 8 hours.

TABLE |
CACAO POD HUSK COMPOSITION

Content Material (%) Bulk density of the starting material is found out by
Dry material 83,79 weighing a sample in a known volume. The moisture content
ASQ C:’”,tem 184669? is determined to use an oven at 105 °C for 1 hour (ASTM

rotein ,

D3171). The ash content is determined by burned in a
furnace at 750 °C for 30 mins (ASTM D3174), then the
fixed carbon is calculated from a difference of weighing.

Fiber 42 55
Fat 2,74
Extract material without nitrogen

(BETN) 41,42 The calorific value is determined to use bomb calorimeter
Hemicellulose 21.08 CAL2K-HB. The apparent density is determined by dividing
Cellulose 38,45 its mass by volume. Volume is obtained by measure mass
Lignin 30,24 and dimensions of pellet with a digital weighing scale and a
*a) [15]; b) [16] standard Vernier caliper.
Banana pod husk can use for adhesive material in cacao TABLE II
biomass pellet production because it consists of 14.4% COMBINATION OF CACAO AND BANANA POD HUSK AND PARTICLE SIZE
cellulose and organic compounds that potentially provide a (MESH)
calorific value [17][18]. Lignocellulose on banana pod hus Mesh
comprised of 21.29% lignin, 14.56% cellulose, and 23.20% wmix
hemicellulose [19] with 17.79 MJ/kg calories [20]. cacao B1 B2 B4
The existence waste of cacao and banana pod husk |igbanana (20) (40) (60)
undoubtedly bad for the environment if we do not widely| pod husk
utilize it. Moreovgr, cacao and banang pod husk can bear A1B1 A1B2 A1B3
processed as biomass pellet, that it has density and
uniformity of size better than briquettes. The combustion a2 A2B1 A2B2 A2B3
produces perfectly if it has no indication of CO in the
combustion reaction. Perfect combustion is all carbon A3 A3B1 A3B2 A3B3
burned out to form CO2 and hydrogen contained will be

converted into water vapor (H20) [21].

The Calorific value becomes a determining parameter of
the quality of biomass pellet — the higher the calorific value,
the better the quality of the product. Good quality is obtained ¢
by reducing the water content (dilution). Dilution is
produced using densification techniques, that it can increase IIl. RESULTS ANDDISCUSSION
the density of the material and total calorific value per unit  The physical appearance of biomass pellets can be seen in
volume [22]. This study aims to find the best mixture Fig 1; it has a cylindrical shape with a diameter of 1 cm and
formula based on caloric value, best particle size (mesh), andx length of 1 cm. It has a brown color, cacao aroma, with a
calculate the physical properties of the best biomass pelletglifferent texture on each particle size. The pellets are 40, and
consisting of calorific value, volatile matter value, moisture 60 mesh particle size has a smooth and dense texture,

Al = 80% cacao pod husk and 20% banana pod husk, A2 =
70% cacao pod husk and 30% banana pod husk, A3 = 60%
acao pod husk 40% banana pod husk.

content, ash content and density. whereas 20 mesh particle size has a rough texture and less
dense in the milling process.
II. MATERIAL AND METHOD Table 1 shows moisture content, ash content, bulk density
) from this research already fulfill SNI of biomass pellet. The
A. Materials calorific value that meets SNI of biomass pellet is 60 mesh,

The biomass materials used in this research are cacao podbout 4004.24 — 4049.82 cal/g. The highest calorific value is
husk and banana pod husk. The equipment used is hammaesbtained on a combination of 80% cacao pod husk and 20%
mill FFC37, sieves with 20, 40 and 60 mesh particle size, banana pod husk with 60 mesh. Some of the calorific value
and TSSU hydraulic press. Test equipment of physicalis under 4000 cal/g because of volatile matter too high and
properties of biomass pellets, such as laboratory oven, digitalash content above 1,5%. The low density is not suggested
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directly used as fuel in the combustion system because it ha#\. Moisture content
low thermal efficiency. Materials have a density between

5.89-8.23 kg/m3, but some of them were composed on 8gptained at 4% - 5.83%. The values of moisture content have
little volatile matter. It indicates as potential fuel being.

8980 gsegp

(a) 20 mesh

(b) 40 mesh

// //' ’/.I‘ . \.
!

(c) 80 mesh
Fig. 1 Biomass pellet on various particle size

TABLE IlI

ANALYSIS OF BIOMASS PELLET FROM CACAO AND BANANA POD HUSK
Properties SNI? AlB1 A2B1 A3B1
Moisture (wt, %) <12% 4.00 4.83 4.33
Ash content (wt, %) < 1.5% 8.03 8.60 9.1§
Volatile matter (wt, %) < 80% 80.80 79.57 81.03
Fix carbon (wt, %) > 14% 7.17 7.00 5.44
Calorific value (cal/g) >4000 3941.45 3919.95 392163
Bulk density (g/cm3) >0.8 5.89 6.68 6.74
burning rate (g/s) 130.53 | 128.83| 125.67
Properties AlB2 A2B2 A2B2 AlB3
Moisture (wt, %) 4.33 4.33 5.83 5.17
Ash content (wt, %) 8.33 9.97 9.95 9.80
Volatile matter (wt, %) 79.33 79.31 79.39 78.9p
Fix carbon (wt, %) 8.01 6.39 4.83 6.11
Calorific value (cal/g) 3965.46 3984.99 396247 4049.82
Bulk density (g/cm3) 6.99 6.85 8.13 8.23
burning rate (g/s) 130.75 129.19 126.37 13122
Properties A2B3 A3B3
Moisture (wt, %) 4.33 5.17
Ash content (wt, %) 10.15 9.93
Volatile matter (wt, %) 79.92 77.99
Fix carbon (wt, %) 5.60 6.91
Calorific value (cal/g) 4031.72 4004.24
Bulk density (g/cm3) 7.87 8.51
burning rate (g/s) 130.26 126.31

*) BSN, 2014

1672

The result of moisture content can be seen in Fig 2; it is

fluctuated, and its influenced by particle size and
combination of materials. Also, the addition of water and
pressure during the milling process has an effect on moisture
content. The lower moisture content value indicates better
quality in combustion and storage. Moreover, the high
moisture content in biomass pellets can cause fungus growth
and produce high smoke during the combustion process.

7
£
o5
S 4
o3 m 20 mesh
3
B 2 40 mesh
o1
£ 60 mesh
0
80% Latao 70% Lau 60% cacdo
20% banana  30% banana  40% banana

composition of pod husk

Fig. 2 Moisture content of biomass pellet

High pressure can cause biomass pellet denser, smoother,
and more uniform, so particles in biomass fulfill pores and
reduce water molecules at pores. In the composition of 70%
cocoa peel and 30% banana peel the higher the mesh, the
lower the water content. This is due to the more top mesh
size, the smoother particle size, so that the pores in the
biomass pellet are smaller so that the molecule/water does
not affect solids. High pressure can cause biomass pellet
molds to become more dense, smooth, and uniform, so that
between particles in biomass can fill each other empty pores
and reduce the water molecules that can occupy the pore
[22]. The addition of unbalanced water can affect of high
and low water content [23]. It results in moisture content
fluctuates [24]. Water content also affects the amount of
smoke produced from the combustion process, easier of
ignition, calorific value and shelf life [25].

B. Ash content

Fig 3 shows lower cacao content allowing higher ash
content. In the composition of 80% cacao and 20% banana
pod husk, the larger particle size induces lower moisture
content. Ash content produced from this study not fulfill SNI
8021-2014 with the condition that the bio pellet ash value
was< 1.5%, it is because the material has a high ash content.
Banana pod husk has 15,3% of ash content. Higher of
banana pod husk addition will lead to higher ash content [26].
Besides that, the ash content of the cocoa pod husk reached
15.4%; it will lead a suspected that the ash content in the
material influences the high ash content of the biomass pellet.
Ash content shows the number of silica as a fly ash
component that composes biomass. If biomass has higher
silica, it will allow ash content produced during the
combustion process. Silica is a component of fly ash, which
is a component of biomass [23].



12 composition of the material and the size of the powder on
the biomass pellet does not have a significant effect on the

) value of the levels of the flying substance produced. The
g 8 high levels of flying substances are influenced by several
£ 6 =20 mesh components of chemical elements such as extractive
Q . . . .
S g substances, hemicellulose, and volatile water during high-
5 40mesh . . X .
g, temperature combustion [30]. Hemicellulose is a constituent
i 60mesh of plant cell walls that consists of a collection of several
0% cocan F0% cacan B0% cacan sugar u_n|ts/heteropol_ysaccharldes ar_ld is grouped based on
20% banana 30% banana  40% banana the main sugar residues as constituents such as xylan,
Composition of pod husk mannan, galactan, and glucan. Cacao peel of raw materials
produces hemicellulose content of 21.06% [16]. A
Fig. 3 Ash content of biomass pellet lignocellulosic analysis on the skin of Kepok bananas

contained hemicellulose of 23.20% [19].

The percentage of hydrocarbon content contained in fuel
will be reduced if the bio pellet is heated in the absence of
outside air [28]. If fuel has higher levels of flying substances,

combustion process, thus lead to corrosion, decreaseah(:".tfu(;eI ;Vg'" cause a relatively higher amount of smoke when
quality of combustion, and caused dirty on biomass stoves'9"M€ [29]
surface [28]. D. Calorific Value

C. Volatile Matter According to [32] and [33], the calorific value is
influenced by several test parameters, including water
content, fly substance content, ash content, and carbon

lose due to the healing process in a furnace with bound content. Fig 5 shows calorific value directl
temperatures almost 905 °C. Volatile matter is hydrocarbon . - M9 o . ) ectly
roportional to particle size. Calorific value is proportional

content in fuel, the percentage of weight loss when biomas directly with density and inverse to ash content. Lignin on
pellet was heated without outside air [29]. If fuel with flying bi y b gf. ina f f calorifi | : bg .
substances is high, it will cause a higher amount of smoke lomass can be a defining factor of calorific vajue because it
when ignited [30]. It can be influenced by several chemical can affect the density of biomass pellets by densification.

components, such as extractive substances, hemicellulose!‘i.gnin in plants with Iignocellulosg can use as an adhesive
and evaporate water during combustion at high temperatureg\’Ith certain processes_both thS'C?‘”y and Chem'ca"y' The
[30]. Cacao pod husk is consist of 21,06% hemicellulose calorific value that fulfils SNI is biomass pellet with 60
[31], and banana pod husk is consist of 23.1% hemicellulos _mesh at 4004,24 — 4049, 82 calig. The c_alor|f|<_: value is
[19] influenced by several test parameters, including water
' content, levels of flying matter, ash content and bound

carbon content [31][32].

Ash content is residual from combustion, which has not a
calorific value or carbon element [27]. If ash content is high,
it can be risk forming a mineral crust or deposit during the

Volatile matter is a fly substance in a material that can

B
hary
o
(=]

4050
4000

80,5
80
79,5
78,5 m 20 mesh
78 40 mesh "
77,5
60 mesh
77 : 40 mesh
7G5 3900
76 . 60 mesh
80% cacao 70% cacao G0% cacao 3850

volatile matter (%)
~
o

3050 B 20 mesh

Calorifoc value (cal/g)

20% banana  30% banana  40% banana
) ) ) 80% cacao 70% cacao 60% cacao

Composilion of pod husk 20%banana  30% hanana  40% banana

Fig. 4 Volatile matter of biomass pellet Composition of pod husk

. . Fig. 5 Calorific Value of biomass pellet
Fig 4 shows banana pod husk composition at 60% cacao g P

and 40%, higher of particle size cause lower of volatile In Fig 5 b hat the heat | f bi
matter. There are several factor influence flying substances n Fig 5. can be seen that the heating value of biomass
result in, i.e., small moisture content and high of calorific pellet in this study is dlrect_ly proportional to the size of the
value. If a flying substance evaporates only a little, the POWder. The smaller the size, the greater the density. If the
resistance given during combustion process efficiency like dens_lty is greater, then It has the _pote_ntlal to produ_ce high
high water content will affect the ignition of fire and result heating va}lues. The heating value IS directly pr_opqmonal to
in high smoke during ignition [24] the density [33], and the heating value is inversely

Based on the variance analysis, the value of the content o roportional to the ash content [34]. The lignin content in

the flying substances shows that the treatment of the lomass pellet makmg. material can be one of_the
determinants of the heating value produced because it can
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influence the density of biomass pellets during the matter value of 78,92%, moisture content of 5.17%, ash
densification process [35]. This is reinforced by [36] that the content of 9,8%, and density of 5,214 gr/cm3. Where banana
lignin content in lignocellulosic plants can be used as anpod husk with high levels of lignin is used as an adhesive, it
adhesive with certain processes both physically andbinding cacao pod husk particles properly and increase
chemically. Cacao raw materials produce 21.29-51.98% density value.

lignin [16][19].

E. Density

The smaller particle size is lead higher of density value -
because of it still cavities between particles. Smaller [2]
particles are not effectively fill in between particle larger
size. Particle size affects density, which is a larger particle
size of the biomass pellet, smaller density resulted. Lignin
acts as a natural adhesive that binds to cellulose and3]
hemicellulose, and it can contribute to the strength of
biomass pellets. Lignin will fulfill the air cavity of a particle
during the milling process.

(4]
9
8
! (5]
6
25
Z 4 H 20 mesh
@
e 2 40mesh (6]
1 60mesh
0
80%cacao  70%cacac  60% cacao [7]
20% banana 30% banana  40% banana
Composition of pod husk 8]

Fig. 6 Density of biomass pellet

Fig 6 shows bio pellet density is directly proportional to [9]
the pressure during the densification process and the size of
the powder used. The higher of pressure applied during thg;qj
densification process, the higher of density value produced.
The higher the pressure, it can add strength to the
compression of the powder so that the particles can close thé&tl
cavity between the powder granules. The larger the mesh or
the smaller the particle size, the higher density will be
produced. The small mesh is producing lower density
because there are still cavities between the grains so tha ]
smaller grains are not effective in filling the gaps between
larger items [37]. The particle size of material also affects [13]
the density, the larger particle size of biomass pellet, so the
smaller the density will produce [38]. Biomass pellet with 14]
60% cacao pod husk and 40% banana pod husk combinatiOt[1
produce the highest density at 5.1-5.6 gr/cm3. The lowest
density value is produced on a combination of 80% cacao
pod husk and 20% banana pod husk material. This indicates®
a variation of material combination affects the density value
of each particle size. Banana pod husk with high levels of[16]
lignin can use as an adhesive and binding cacao pod husk
particle properly, and it could increase density value. [17]

V. CONCLUSIONS

The best formula for biomass pellets occurs in a
combination of 80% cacao pod husk and 20% banana pod
husk with 60 mesh. The characteristics of biomass pellets ard19]
obtaining the calorific value of 4049,815 call/g, volatile

(18]
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