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Abstract: Increasing waste disposal and energy demand are a problem in the city today. Densification of biomass waste from sawdust and
tree leaves into solid fuel briquette not only reduces waste reduction but can also be an alternative source. Raw materials and binders are
two essential variables, among other important variables, presented in this article. Fish oil extracted from fish residues is a combustible
binder with a high heating value. Investigations and experiments on the various mixing ratios between the tree leaves-sawdust, by keeping a
constant amount of binder at 10% in mass of 4 kg from the tree leaves and sawdust to produce briquettes using screw press briquette
machine, and the properties of each mixture are the goals in this work. In this study, eleven compositions of tree leave and sawdust from
0:100, 10:90, 20:80, 30:70, 40:60, 50:50, 60:40, 70:30, 80:20, 90:10, 100:0 were investigated. The properties of the briquette included the
values of density, impact resistance, water resistance, heating value, burning rate, energy density, moisture content, volatile matter, ash
content, and fixed carbon, were evaluated. The experimental results showed that the average energy density of briquette is 6 times and 16
times greater than raw sawdust and tree leaves, respectively. Tree leaves and sawdust briquette with a mixing ratio of 30:70 had the highest
heating value (22.15 MJ/kg), density (1.127 g/cm?), fixed carbon (20.18%), Volatile (76.52%), and low ash content (3.29%), and burning
rate (0.93 kg/h). The results indicated that heating values and proximate analysis were not much different within the five samples. Besides
that, water resistance tests were uncertified at a higher ratio of tree leaves.
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1. INTRODUCTION lives were daily collected and sent to landfills or sometimes
these dried tree leaves are burned; which becomes waste

The tree is the plant that absorbs CO, emission, heat. Labour is paid for collecting the leaves which do not
provides shade and fresh air for life's beautiful landscape. At produce any income. Wood and tree residues are considered
the same time, many trees are turned to be furniture of local the major source of biomass in rural communities which can
products and export. The waste from the process of making sustainably contribute towards meeting the energy demand
furniture is the sawdust which recently is the city waste. of rural people for direct heat applications through the
Besides that, dried/fallen tree leaves become the city waste. production of biomass briquette (Obi, 2015). Besides, in

Every year, 4.3 million tons of primary wood demand is Cambodia freshwater fish provide up to 79% of all animal
required for wooden material supplies such as furniture and protein intake where around 300000 to 600000 tonnes each
home building in Cambodia (Joya, 2014). Through this year (Baran et al., 2014). Due to this large demand, it leaves
process, approximately 2.9 km® with an energy density of a fat content of about 9 to 14% of its total mass (Puwastien

8.4 GJ/m? of sawdust are produced every year (Tun et al., et al., 1999). For hard material like sawdust require
2019). Regarding the actual daily record of the sawdust additional binder in the densification process (Tabasso et al.,
production per week is 300 kg on average, recorded 2020), so fish oil is a combustible material and is a daily
information in a wooden furniture workshop in Phnom Penh. waste in the city while it is a sticky and combustible material
while a large number of dried tree leaves felt around 400 kg with low ash which was a good quality to be used as the
per week in the dry season, recorded information in the binder in briquetting process.
Institute of Technology of Cambodia. These wasted dried In recent years, researchers were attempted to find the
possibilities of applying biomass materials such as sawdust,
* Corresponding author: Kinnaleth Vongchanh and tree leaves using oil as a binder to be a renewable source
E-mail: kinnalethv@yahoo.co.uk; Tel: +855-99-351-199 for producing biomass briquette.
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Chin et al. (2000) have experimentally investigated the
characteristics of different biomass materials (sawdust, rice
husk, peanut shells, coconut fibers, and palm fruit fibers)
which were densified into briquette using starch and
molasses as the binders under different die pressures. The
result shows that sawdust briquette has better overall
handling characteristics than others.

Rajaseenivassan et al. (2016) investigated the possibility
of using neem powder as a binder of sawdust by changing
the ratio of sawdust: Neem powder (100:0, 75:25, 50:50,
25:75, 0:100). Briquettes were produced by using a manual
operation hydraulic pelletizer in a pressure range of 7-
33MPa. As a result, neem powder can be used as binding
material with sawdust by increasing physical properties
(shatter index, impact resistance, water resistance, and
durability) but lower combustion properties (burning rate
and heating value). Obi (2015) prepared the briquettes from
sawdust waste at moisture 8.15% with palm oil mill as
binder using 20t hydraulic jack. with palm oil mill sludge
(10, 20, 30, 40, 50, 60, 70, 80, 90, 100) % of the weight of
the compacted sawdust. Results revealed that increasing
binder amounts can increase physical and combustion
properties.

Inthavideth et al. (2017) have investigated properties of
briquette from a composition of sugarcane, tree leaves,
paper, and rice husk. The briquettes densification process
was manually carried out using the hydraulic press of mixing
ratio 1:1 (by weight) with cassava flour as a binder. The
result shows that the compositions of tree leaves: rice husk:
cassava: water (700:700:630:1800 g) has the highest density
(0.58 g/cm?®), heating value (15.35 MJ/kg), and moisture
content over 12% after dried 14 days, all briquettes flame
temperature was in the range of 617°C and 795°C.

Suprianto and EVANDER (2017) investigated on leaves
waste (Pterocarpus Indicus) briquette having tapioca as a
binder by compress under pressure 2Mpa. The composition
ratio was selected from 50:50 to 90:10 of leaves waste and
tapioca respectively by rising by 10% for each experiment.
The particle size of the leaves was 60 Mesh (0.25mm). The
result showed that 100% of Pterocarpus indicus has calorific
valuel.37 times higher than 100% of tapioca. Therefore, the
composition of 90% leaves waste and 10% of binders
produce the highest calorific value of biomass briquette.

Deepak and Jnanesh (2016) investigated various
characteristics of coconut leaves (size 850pum) with sawdust
powder (additive) and wheat flour (binder) at a ratio of 2:1:1
respectively for making briquette. Testing was conducted
using a single piston and ram type briquetting machine. The
results showed that the briquettes produced from coconut
leaves with sawdust as an additive and wheat flour as a
binder would make good biomass fuels. It has been
concluded that the production of briquettes from leaf
briquettes are cheaper and feasible.

Choeng et al. (2018) investigated the effect of boiling
time, and the level of fish residues as a binder of rice husk
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and sawdust briquette’s properties by using a hydraulic press
machine with mold temperature 130°C. The boiling time of
oil was changed from 30 to 45 mins while fish residues
changed from 500 to 700g with a constant ratio of rice husk
and sawdust at 1:1. The result indicated that average MC,
heating value and density were 18.36MJ/kg, 6.3%, 1135.7
kg/m®, respectively. The calorific value was highly
dependent on the moisture content wet basis. The moisture
content of the briquette depended on boiling time and
quantity of fish residues; when the number of fish residues
was higher quality then the MC of briquettes was also
higher; The maximum heating value was 21.7 MJ/kg under
fish residues 500g and boiling time 45 mins.

Choeng et al. (2019) have investigated the effect of fish
oil as a binder at 5%, 10%, 15%, 20%, and 25% of mixing
mass raw materials (sawdust and rice husk at ratio 1:1) by
using screw extrude briquette machine. The experimental
result provides that fish oil can be used as a good binder of
briquette from rice husk and sawdust. And the optimization
level of binder suitable for rice husk and sawdust briquette
was found as 10%.

The literature shows the importance of biomass energy
in today’s situation. In previous works, the researchers made
investigations to improve the performance of the briquette
by varying the applied pressure, different binding materials.
Using oil as the binder can improve combustion rate, low
ash, and also being lubricant material in the system which
leads to an increase in the lifetime of the machine. The
literature shows that strength is a very important parameter
in handling, transportation, and stable combustion of
biomass briquettes.

Therefore, the purpose of this study is to investigate the
use of fish oil (FO) as a binder for producing combined
sawdust and tree leaves briquette using a screw press
machine. To produce briquettes having fish oil as a binder,
investigation of the most suitable composition was carried
out by examining the properties including density, water
resistance index, impact resistance index, moisture content,
burning rate, heating value, and proximately analysis.

2. METHODOLOGY

2.1 Raw material

The sawdust (SD) used in this study was collected from
a wooden furniture workshop in Phnom Penh, while dried
tree-leaves (DT) were obtained from the campus of the
Institute of Technology of Cambodia.

The freshwater fish residues (the fat and intestine) were
obtained from the local market in Phnom Penh.



2.2 Material preparation

The initial moisture content of raw tree leaves was
9.43% and sawdust was 10.28% (wet basis), analysis using
the oven-dry method at 105°C. Sawdust was sieved to
remove big wood chips by keeping particle size that less
than 8mm. Dried tree leaves were crushed to a small piece
that less than 8mm.

Eleven compositions of vary DT & SD were combined
with 10% of fish oil (FO) were investigated in this study.
The composition of tree leaves and sawdust were thoroughly
mixed at a ratio of 0:100, 10:90, 20:80, 30:70, 40:60, 50:50,
60:40, 70:30, 80:20, 90:10, and 100:0 and denoted by the
manuscriptas A, B, C, D, E, F, G, H, I, J, and K respectively

2.3 Briquetting operation

Fig.1. Briquetting process

Firstly, tree leaves and sawdust were weighted and
mixed follow the composition ratio of A, B, C, D, E, F, G,
H, 1, J, and K using mixer motor for 3 mins, then fish oil for
10% was added through the compound of raw materials by
continue mixing for 5 mins more until the binder and raw
materials were homogenous. Secondly, start the heater that
wraps up on the mold of the screw press machine for 15
mins to 20 mins, until mold temperature constant at 300°C.
Then composite materials were brought to the place in the
hopper of the screw press machine and start operation.
Finally, if production were not formed as briquette or it had
a lot of cracks on its surface, it was counted as failed to
produce for that ratio. The briquetting process is shown in
Fig.1.

2.4 Briquette density

The density for each composite briquette composition
was determined after produce one week and was calculated
from the ratio of mass to the volume of briquette (ASTM D
2395). The mass of briquette from each sample was obtained
by using a digital balance with precision 0.5g, while the
volume was calculated by taking the linear dimension
(length, edge, hole diameter) of the briquette. The density of
briquette was calculated as (Eq.1)

p =mlV (Eq.1)
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Where:

p = density of briquette (g/cm?®)
m = mass of briquette (g)

V = volume of briquette (cmq)

2.5 Impact resistance index (IRI)

The impact resistance test is considered to be the best
general diagnostic of briquette strength. A practical
performance target for impact resistance of a fuel briquette
has been counted as the number of falls from an initial
position at a height of 2m onto a concrete floor. This test
contains averaging the results of 5 single drop tests. Each
briquette was repeatedly dropped until it fractures, piece of
mass that greater than 5% of the initial mass was counted
(Mitchual et al., 2014). The number of drops and the number
of pieces of briquette was recorded. Then IRI was calculated
using (Eg.2) An IRI value of 50% has been adopted as being
the lowest acceptable impact resistance for fuel briguettes
being developed for industrial (Richards, 1990).

IRI = (AND / ANP) x 100 (Eq.2)
Where:
IRl = impact resistance index
AND = average number of drops
ANP = average number of pieces

2.6 Water resistance index (WRI)

The Water-resistance test is used to evaluate the
resistance of briquette against water absorption and
disintegration. A weighted briquette was immersed in cold
tap-water at room temperature 30°C and check for any
tendency to disintegrate by applying finger pressure at 10
mins interval. If briquette can survive 30 mins, then wipe to
remove moisture surface and reweight. The results have
been reported separately in descriptive terms of tendency
and time to disintegrate and percent absorption. Then WRI
was calculated using (Eq.3). A value of 95 for WRI would
be a reasonable target for most briquette types that maintain
integrity after 30-minute immersion (Richards, 1990).

WRI = 100 - %Water absorption (Eq.3)

2.7 Moisture content (MC)

Moisture content is the amount of water that is
contained in the briquette, eliminated by drying at 105°C.
Briquette samples were cut to have 3 pieces weighed 5g to
10g each then put in the aluminum disk, the initial mass of
briquette piece and disk were recorded. Samples were dried
in the oven at 105 °C for haft day or 6 hours later on let
samples cool in desiccators for 20 mins before record its



mass, repeat drying 3 hours until the difference between two
consecutive measure is less than +£0.2%, then stop drying,
and calculate moisture content follow equation (Eq.4). If the
difference is over £0.2%, continue drying 3 hours more until
mass different less than +0.2%

%MC = (m0 - mn+1)/mo x 100 (Eq.4)
Where:
Mo

Mn
Mp+1

mass of the initial sample ()
mass of the sample after drying number n ()
mass of wood after drying number n+1 (Q)

2.8 Heating value (HV)

The heating value or calorific value is the amount of
heat released with the complete oxidation of fuel without
taking into consideration the condensation heat of the water
vapor present in the smoke (Déring, 2013). The calorific
value was determined by using Oxygen Bomb Calorimeter
1341 at room temperature between 25°C and 28°C. Oxygen
bomb was used to place the sample at 1.5g and Oxygen
pressure 30atm. After that, place it in 2000g (+5g) of
distilled water that temperature below 1°C to 2°C of room
temperature and check for gas bubbles leakage that may
cause the explosion of the equipment. Then, connect the
oxygen bomb to the calorimetric ignited electrode and
operate for 15 mins. Mass of sample, fuse remain afterburn
are required to input in the system final result of gross
Calorific value (wet basis) will be given by the calorimeter.
To compare samples with different moisture content heating
value dry basis was calculated using (Eq.5)

Hvdry = MC(100/(100 - HVwet)) (Eq.5)
Where:

HVdry = heating value dry basis (MJ/kg)

MC = moisture content (%)

2.9 Proximate analysis

Volatile matter (VM): The volatile matter of a fuel is the
condensable and noncondensable vapor released when the
fuel is heated (Basu, 2018). The samples were required to
break into powder to get only size less than 200pum (10g )
and three porcelain crucibles with lip were used to validate
error and each crucible fill with 1g of mass sample and dry
in a muffle furnace at 900°C for 7 mins as stated in
standard CEN 15148 (2005). This procedure was undertaken
out of contact with air under standardized conditions. The
initial mass of fuel after dry in the oven at 105°C for 6 hours
and mass after dry at 7 min at 900°C was measure using a
high precision digital balance with precision 0.0001g. The
percentage of volatility was calculate using (Eq.6).
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%Volatile = (m3—ms) /(M3 - m;)x100 (Eq.6)
Where:

m; = mass of the crucible (g)

mz = mass of the crucible with dry briquette (g)

ms = mass of the crucible with briquette after heated at
900°C (9)

Ash content (AC): Ash is the inorganic solid residue left
after the fuel is completely burned (Basu, 2018). Its primary
ingredients are silica, aluminum, iron, and calcium; small
amounts of magnesium, titanium, sodium, and potassium
may also be present. The ash content of solid fuels affects
both the emission of pollutants and the technical design and
construction of the combustion plant. To define ash content,
samples are required to grind to be powder with particle size
less than 200pum and weigh accurately 2g in a porcelain
crucible with a lid. Heat to 550°C for 2 hours in an electric
muffle furnace. The difference between the initial weight
and weight of the sample after combustion will be expressed
as a percentage of the initial weight and represents the ash
content. A correction can be made for moisture content to
express ash on a moisture-free basis.

%Ash = (ms - my)/(m3 - my) x 100 (Eq.7)
Where:
m1 = mass of crucible (g)
ms; = mass of crucible with dry briquette (g)
m4 = mass crucible with ash after burning at 550°C (g)

Fixed carbon determination (FC): This represents the
solid carbon in the biomass that remains in the char in the
pyrolysis process after devolatilization (Basu, 2018). Fixed
carbon was calculated using equation (Eq.8)

FC (%) = 100 - (Ash + Volatile) (Eq.8)

2.10 Energy density (ED)

Energy density is the energy per unit volume of fuel.
energy density is a useful measure of the energy that will be
released from a given weight or volume of fuel when it is
burned. The specific energy and energy density of fuel
provide practical measures of the energy content of fuel in
units more commonly used in the storage and handling of
these substances (energy per weight and volume). From the
relation of energy density and specific energy, energy
density was determined by using (Eq.9).

Eqs = pxEs (Eq.9)
Where:

Ed = energy density (MJ/m?)



p = density (kg/md)
Es = specific energy or heating value (MJ/kg)

2.11 Burning rate (BR):

The burning is used to determines the rate at which a
certain mass of fuel is combusted in the air (Davies et al.,
2013). Briquette burning rate was determined according to
the method used by Islam et al. (2014). 2 kg of briquettes
from each blend were prepared. Samples were weighted in
the hearth of different household stoves and stoves were
ignited at the same time. This was continued for two hours.
After that, the amount of unburned fuel was recorded. Time
was recorded with a stopwatch and the mass of briquette was
recorded by using a digital balance with 0.01g precision. The
burning rate was calculated using (Eq.10).

Br = (Q1 - Q)/T

Where:

Br = burning rate (kg/h)

Qs = initial weight of briquette (kg)
Q2 = final weight of briquette (kg)
T = total burning time (h)

(Eq.10)

3. RESULTS AND DISCUSSION
3.1 Briquetting

According to experimental results, it was found that the
densification process of mixing ratio DT:SD of 60:40, 70:30,
80:20, 90:10, and 100:0 failed to form into briquette shape,
the products were cracked and broken into pieces after
extruding from the mold which was uncertified for storage
and transportation. Besides for briquette at a ratio of 0:100
the resulting operation failed by getting stuck inside the
screw press machine, as shown in Fig.2 (a) and (c),
respectively. However, briquettes shape was obtained in
very satisfying shape for the mixing ratio DT:SD of 10:90,
20:80, 30:70, 40:60, and 50:50 as depicted in Fig.2. (b)
Regarding observation, the bulk density of tree leaves (0.077
kg/cm®) was too low compare to sawdust (0.191g/cm?d)
resulting in the bulk density of sawdust and tree leaves
combinations lower when the ratio of tree leaves greater than
60%.

Fig.2. (a) Unshape production, (b) Certified briquettes,
(c) Operation failed
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3.2 Physical properties of briquette

In this study, the evaluation of physical properties was
measured through the density, impact resistance, and water
resistance of the composite briquette.

Based on the measured results of density value for
different samples including B (10:90), C (20:80), D (30:70),
E (40:60), and F (50:50), the density of the briquette was
affected by the composition ratio of tree leaves and sawdust.
Figure 5 indicated that the density of briquette decreased as
the ratio of tree leaves increase. Density ranges from 0.89
g/cm?® to 1.18 g/cm®. The experimental result indicated that
briquette B (1.18 g/cm®), C (1.138 g/cmd), and D (1.127
g/cm?®) are almost the same density value which is acceptable
following standard DIN51731 define the interval of briquette
density value from 1 g/cm® to 1.4 g/cm®. While E (0.977
g/cm?®) and F (0.895 g/cm?®) were lower than the satisfactory
standard. Because of bulk density of tree leaves is (0.077
g/cm?®) lower than sawdust (0.191 g/cm?®), after briquetting at
a higher ratio of sawdust becomes more compact than tree
leaves.
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Fig.3. Density and energy density of various mixing ratio of
tree leaves and sawdust with fish oil 10%.

Energy density is the amount of energy contains in
comparison to its volume. After raw materials of sawdust
and tree leave with fish oil as a binder were densified into
briquette, its energy density also increased up to 5 and 13
times respectively. Where the average energy density of this
five-composition ratio was 21.92 GJ/m?.

IRl and WRI were tested following Rechard (1990), the
obtained results showed that sample B, C, and D passed the
qualification; the 3 samples of B, C, and D were very the
same value of WRI and IRI of around 500% and 97% for
WRI and IRI, respectively. The maximum value of IRI and
WRI were given by sample B. According to the results
illustrated in Fig.4, sample E showed a different tendency
from other samples due to the randomly selected samples.
Sample E had a smaller density compared to briquette F,
which makes it less compact compared to other, leading to
higher water absorption than briquette F. Regarding the
observation of the sample, the randomly selected from
briquette E, samples have a smaller density compared to



briquette F, which makes it less compact compare to other,
leading to higher water absorption than briquette F. Besides,
it was observed that briquettes with tree leave of more than
40% were less dense, although it was possible to produce
solid briquette with a uniform shape and size, which made it
more brittle compared to other three compositions ratio.

600 - 100
450 A - 75
S )
< 300 L 50 <
x 74
150 - F 25 =
—&— IRl —&— WRI
0 : T - T T 0
B C D E F
Mixing Ratio

Fig.4. Impact resistance and water resistance index of the
various mixing ratio of tree leaves and sawdust with
fish oil 10%.

3.4 Combustion properties

Burning rate (BR) test and calorific or heating value
(HV) were experimentally obtained from samples B, C, D,
E, and F. The BR test was conducted in an open-air room.
The result indicated that when the increase in the ratio of
tree leaves, the burning rate slightly increased. The highest
burning rate was found in briquette F (0.947 kg/h) as follow
by briquette E (0.940 kg/h), D (0.928 kg/h), C (0.924 kg/h),
and B (0.918 kg/h), shown in Fig.5. According to an
experiment by Nazari et al. (2019), the higher burning rate
will result in briquette easier to start burning.

1.00
——BR

= 095
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oM
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Fig.5. The burning rate of the various mixing ratio of
tree leaves and sawdust with fish oil 10%

Heating values: The results of the heating value dry
basis of samples B, C, D, E, and F were almost the same
ranging from 21.21 MJ/kg - 22.15 MJ/kg as shown in Fig.6.
The highest heating value was found in briquette D (22.15
MJ/kg) and the average heating value dry basis (21.76
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MJ/kg) was higher than its raw material sawdust (21.49
MJ/kg) and tree leaves (19.89 MJ/kg). The heating value of
these new composite briquettes obtained in the current study
is higher than HV db of firewood (18-19 MJ/kg) and most
agricultural residues (16-18 MJ/kg) reported by Sugathapala
et al. (2013), sawdust and rice husk briquette (19.84-20.25
MJ/kg) obtained by Choeng et al. (2019). This heating value
is sufficient enough to produce the heat required for
household cooking and small-scale industrial applications.

24 1 s HY _ —— MC 8
=18 - g %: % 0
=Y N |
o 0
B C D E F
Mixing ratio

Fig.6. Heating value and moisture of different tree leaves
and sawdust with fish oil 10% at the various mixing ratio.

Moisture content: Yang et al. (2005) reported that
moisture content is a very important property that can
greatly affect the burning characteristic of biomass. Aina et
al. (2009) described that moisture content is one of the main
parameters defining briquette quality as lower moisture
content of briquettes infers higher calorific value wet basis.
Regarding Fig.8, the moisture content of tree leaves sawdust
briquette was between 3.91% and 5.93% whb. This is within
the limit of 15% recommended by Wiliapon (2008).

3.5 Proximate analysis

Volatile matter (VM) characterizes the components of
carbon, hydrogen, and oxygen present in the biomass that
turn to vapor when heated, usually a mixture of short and
long-chain hydrocarbons (Chaney, 2010). From proximate
analysis showed in Fig.7, the percentage of volatile matter
for tree leaves sawdust briquette among the five samples
were almost the same (75.66% to 76.56%). Loo and
Koppejan (2008) reported that biomass generally has a
volatile content of around 70-86% of the weight of the dry
biomass which makes biomass a more reactive fuel giving a
much faster combustion rate during the devolatilization
phase than other fuels such coal.

Ash which is the non-combustible component of
biomass was determined to be 2.33% and 4.35%. According
to Kim et al. (2001), ash has a significant influence on the
heat transfer to the surface of the fuel, as well as the
diffusion of oxygen to the fuel surface during char



combustion. Loo and Koppejan (2008), reported that the
higher the fuel’s ash content is the lower its calorific value.

Thus, the values of volatile matter and the ash content
of the briquettes observed in this study are good and
acceptable.

BAC OFC BVM

Mixing ratio

Fig.7. Proximate analysis of various mixing ratio of
tree leaves and sawdust with fish oil 10%

The fixed carbon (FC) of a briquette is the percentage of
carbon available for char combustion. The fixed carbon
content was obtained between 19.82% and 21.50%. The
fixed carbon of the current study was smaller than the total
amount of carbon in briquette (ultimate carbon) since a
significant amount was released as hydrocarbons in the
volatiles.

4. CONCLUSIONS

The new finding of using fish oil at 10% as a binder has
proved that the heating value dry basis of the briquette at a
ratio of tree leaves and sawdust of 30:70 was 22.15 MJ/kg is
higher than the heating value of sawdust 21.49 (MJ/kg) and
tree leaves 19.89 (MJ/kg). The average heating value of the
five ratios was 21.76 (MJ/kg), higher than the heating value
of firewood, with moisture content between 3.91% and
5.93% whb, and the average density, energy density, and
burning rate of briquette were 1.063 g/cm?®, 21.92 GJ/m?®, and
0.9314 kg/h respectively.

Sawdust can be a potential resource that leads to being
used as a sustainable resource of biomass briquette due to its
availability in Cambodia society.
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