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Abstract: This paper studies the utilization potential of Refuse Derived
Fuel (RDF) approach to recover the discarded plastics from Hatyai solid
waste disposal site in Songkhla province, Thailand. The excavated plastic
bag wastes from the closure landfill of Hatyai, unused plastic bag wastes
and waste residues are the raw materials for RDF productions. The raw
materials are characterized for proximate analysis and ultimate analysis.
The RDFS5 (Densified RDF) with different raw materials are produced and
characterized in this study. All raw materials have low moisture content,
high volatile solids, low ash content and low fixed carbon. Thus, these raw
materials are suitable for RDF productions. Due to low sulfur content, the
combustion of these RDFs has no risk for the global warming and acid rain
cause. The various RDFs in this study include a plastic bag wastes-palm
fronds-RDF (PP-RDF), an unused plastic bag wastes-palm fronds-RDF
(UPP-RDF), a plastic bag wastes-palm fronds-cassava peels-RDF
(PPCRDF) and a plastic bag wastes-palm leaves-rubber wastes-RDF
(PPRRDF). The various RDFs are provided the good physical and chemical
properties. The higher heating value (HHV) of PP-RDF, UPP-RDF, PPCRDF
and PPR-RDF is 5,725, 5,674, 5,548 and 5,872 kcal/kg, respectively. The
HHV of various RDFs is higher than the HHV criterion for RDF in the
briquette form. Therefore, the plastic-wastes RDF has the potential for energy
as solid fuels for kiln. According to this study, the plastic-bagwastes RDF in
the briquette form is suitable for renewable energy.
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recognized source of pollution because the plastic bag
wastes are not chemical additives. Some of them can
migrate into the body tissue and enter the food chain.
Energy recovery from waste can be an economically
attractive source of energy as part of an integrated
solid waste management plan (Beccali et al., 2001;
Koukouzas et al., 2008; Al-Salem et al., 2009; Arena et al.,
2011; Saifuddin et al., 2016). The energy conversion
technology of plastic wastes, especially the pyrolysis
and gasification technologies have been studied to
promote the renewable energy utilization and solve the
environmental pollution (Gug et al., 2015).

Refuse Derived Fuel (RDF) is produced from
combustible components of municipal solid waste (Piao et

Introduction

Generally, the municipal solid wastes are difficult to
manage because they are not homogenous, which can
rise to fluctuations in composition and quality (Murphy
and McKeogh, 2004). Landfill with its many drawbacks
is the preferred option in Thailand. The composition of
excavated wastes from the Hatyai’s dumpsite shows high
plastic wastes content of total weight (15 to 20%). Plastic
has become the common materials since the beginning of
the 20th century for the modern life. It is used to
manufacture everyday products such as toys, packaging,
containers, appliances, nondurable goods and furniture.
The widespread use of plastics demands a proper

management of plastic waste as well (Arena ef al., 2003;
Tue and Thwe, 2013). The plastic bag is the major
excavated plastic bag waste found. The plastic is not a
natural product thus the nature of plastic has no way to
break it down. The plastic bag waste is a widely
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al., 1998; Caputo and Pelagagge, 2002; Gendebien et al.,
2003; Rotter et al., 2004; UNEP, 2005; Weber et al., 2009).
The waste is shredded, dried and baled and then burned to
produce electricity (Consonni et al., 2005). In Thailand,
the RDF productions are created to divert combustible
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fraction from municipal solid wastes in order to produce
the solid fuel and then to be used as the substitution
energy for many industries.

During the briquette RDF production phase, it is very
difficult to obtain a strong briquette by cool piston
compression from plastic wastes without a binder.
Typical binders are sawdust, pitch, limestone, oily
organic wastes, fibrous wastes, starch and residue wastes
(Yaman et al., 2001). In Thailand, the RDF productions
are designed to divert combustible fraction from
municipal solid wastes to produce solid fuel and then to
be used as substitution energy for many industries.
However, there is no RDF production plant in Thailand
due to lack of information for investors and decision
makers. Moreover, RDF can be served as supplementary
solid fuel for specific types of industries. In this regard,
RDF utilization can be considered as Clean
Development Mechanism (CDM) and conforms to
Kyoto Protocol (Koukouzas et al., 2008). The RDF
production and utilization can positively contribute to
local and global environments. The plastic waste RDF
becomes one of the interesting alternatives to solve both
of the global warming and municipal solid waste
management problems. Its advantages are not only to
improve global environmental quality, but also decrease
local economic loss. The excavated plastic waste RDF
has higher calorific value, higher heating value and more
consistency in quality. The excavated plastic waste from
the closure landfill needed to be separated from the other
wastes for producing the RDF.

This paper aims to investigate the use of various
binders as a glue to produce a RDF from plastic bag
wastes for kiln fuels. The proximate analysis and
ultimate analysis are investigated for various RDF
productions in the briquette form.

Materials and Methods
Raw Materials for RDF Production

The excavated plastic waste is the plastic bag waste
from the closure landfill from Hatyai’s landfill, southern of
Thailand. After excavation, the plastic bag wastes are
separated from soil, grit, sand and other wastes using
trammel screen or rotary drum screen (Fig. 1a). The
excavated plastic bag wastes need to be cut to reduce the
size. The chopped plastic bag wastes are 3.0-5.0 cm in
length (Fig. 1b). After the size reduction, they cannot be
compacted alone due to the lack of glue in plastic wastes.
Some binders are needed. In this experiment, the binders for
RDF productions are the palm fronds and rubber wastes.
The unused plastic wastes are prepared from the new plastic
bag (Fig. 2a) and cut to reduce the size (Fig. 2b). The fresh
palm fronds are collected from the palm plantations in
southern of Thailand as an agricultural residue (Fig. 3a) and
chopped to reduce the size (Fig. 4). The size of fresh palm
frond is 5-7 cm in length. Then, they are dried by sunshine
and wind before the compaction process (Fig. 3b).

(b)

Figs. 1: (a) Excavated plastic bags from the closure landfill
and (b) excavated plastic bags after size reduction

(2)

(b)

Figs. 2: (a) Unused plastic bags and (b) unused plastic bags
after size reduction
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Fig. 3: (a) Fresh palm fronds after size reduction and (b) dry
palm fronds after size reduction

Fig. 4: Fresh palm frond crusher

Figs. 5: (a) Fresh palm fronds after size reduction and (b) dry
palm fronds after size reduction

The rubber wastes are collected from the rubber
factory in Hatyai city, Songkhla province, southern of
Thailand (Fig. 5a). They are chopped for the size
reduction and dried before the RDF productions. The
cassava peels are collected from the Hatyai’s market in
Hatyai city, southern of Thailand (Fig. 5b). They are
chopped for the size reduction and dried before the
productions. After the size reduction, all raw materials are
analyzed to find their physical and chemical properties.

RDF Productions

The used and unused plastic bags are the main raw
materials for RDF productions. The plastic bag waste
RDF becomes one of the attractive alternatives (waste-
to-energy) to solve both the global warming and
municipal solid waste management problems. The RDF
type in these experiments is RDF-5 which is the
densified (compressed) combustible wastes in the forms
of pellets, slugs, cuvettes or briquettes, namely
“Densified RDF” (ASTM, 2006). The excavated plastic
wastes and unused-plastic wastes were shredded and
blended with cassava peel, rubber waste and palm leaves
in a proportionate ratio to produce RDF  mainly
targeted for kiln fuel.
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(®)

Figs. 6: (a) The RDF compactor and (b) the equipment for
RDF productions

Fig. 7:The RDF from excavated plastic bags, palm fronds and
rubber wastes

All raw materials are well mixed at the weight mixing
ratio of 1:1.5 (plastic wastes: binder). These are then
formed into briquettes using a cool piston compression
with 5 cm in diameter and 6-7cm in height (Figs. 6 and 7).
The various RDFs are analyzed for proximate analysis and
ultimate analysis.

Results and Discussions
Raw Material Properties

The results of raw materials characteristics are shown
in Table 1. Five raw materials are excavated plastic bag
wastes, unused plastic bag wastes, palm fronds, rubber
wastes and cassava peels. The palm fronds, rubber
wastes and cassava peels are the binder as glue for RDF5
productions in these experiments. All raw materials have
low moisture content. They are suitable for RDF
productions. The volatile solids of excavated plastic bag
wastes, unused plastic bag wastes, palm fronds and
rubber wastes are 89.12%, 88.78%, 95.92% and 99.20%,
respectively. The highest volatile solid was found in
rubber wastes. The volatile solids of raw materials are
very high, while the fixed carbon and ash are very low.
Therefore, the ash residues are low. The solid residues
will be easily for final disposal. These results supported
their use in energy recovery process provided that the
environmental impact such as air pollution increasing
from their utilization in the thermal processing could be
effectively controlled through limiting of harmful
substances in wastes. The primary concern of RDF
utilization for thermal conversion process was their
sulfur and chlorine contents. The sulfur content of
excavated plastic bag wastes, unused plastic bag wastes,
palm fronds and rubber wastes are 0.07%, <0.01%,
0.21% and 0.04%, respectively. They have very low
sulfur content. Thus, they have no risk for the global
warming and acid rain cause.

The calorific value of raw materials of excavated
plastic bag wastes, unused plastic bag wastes, palm
fronds and rubber wastes is 38,694, 39,980, 15,714,
43,156 and 14,085 kl/kg, respectively. The calorific
value of excavated plastic bag wastes, unused plastic bag
wastes and rubber wastes is higher than that of palm
fronds and cassava peel. These calorific values of
excavated plastic bag wastes and unused plastic bag
wastes are concurring with the typical value for plastic
bag wastes (28,000-37,000 kJ/kg) reported in
Tchobanoglous et al. (1993). Ultimate analysis of raw
materials is tabulated in Table 1.

The majority content of the raw materials is carbon
content (>40%). Since the plastic is the petroleum derived
product (hydrocarbon compound), the carbon and
hydrogen contents are the major elements. The excavated
plastic bag wastes and unused plastic bag wastes have the
larger amount of carbon, leading to the higher calorific
value in comparison with the remaining biomass.
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Table 1: Raw material characterizations

Parameters Excavated plastic bag Unused plastic bag Palm fronds Rubber wastes Cassava peels
1. Proximate analysis

1.1 MC (%) 0.01 0 0.40 0.03 0.49
1.2 VS (%) 89.12 88.78 95.91 99.20 94.92
1.3 FC (%) 0.66 0.42 0 0.15 0
1.4Ash (%) 10.21 10.79 4.06 0.62 4.71

2. Ultimate analysis

2.1 C (%) 74.05 74.02 42.19 84.94 38.12
2.2 H (%) 12.04 13.56 5.21 11.01 5.18
2.30 (%) 3.30 3.53 46.74 2.78 5.56
2.4N (%) 0.32 <LOQ 1.19 0.58 0.82
2.5S (%) 0.07 <LOQ 0.21 0.04 0.12
2.6 Calorific 38,694 39,980 15,714 43,156 14,085
value (kJ/kg)

Note: LOQ is Limit of Quantification (0.01%)

Physical Properties for RDF Productions

The various RDFs in this study include a plastic bag
wastes-palm fronds-RDF (PP-RDF), an unused plastic
bag wastes-palm fronds-RDF (UPP-RDF), a plastic bag
wastes-palm fronds-cassava peels-RDF (PPC-RDF) and
a plastic bag wastes-palm fronds-rubber wastes-RDF
(PPR-RDF) (Fig. 8).

Table 2 shows the physical properties of RDFs such
as the density, the drop shatter index and the unconfined
compressive strength. The density of various RDFs is
0.50-0.69, 0.57-0.65, 0.56-0.73 and 0.46-0.53 g/cm’ for
PP-RDF, UPP-RDF, PPC-RDF and PPR-RDF,
respectively. The suitable density of RDF is 0.4-0.7
g/cm’® (Ohlsson et al., 1991). Therefore, all RDFs
produced, are suitable for RDF in the briquette form.
The drop shatter index is to estimate the capacity of
sample to resist breakage during handling and
transportation. The drop shatter index is 0.76-0.84, 0.75-
0.93, 0.80-0.92 and 0.78-0.91 for PP-RDF, UPP-RDF,
PPC-RDF and PPR-RDF, respectively. The suitable drop
shatter index is ranged between 0.5 and 1.0. Therefore,
all of RDF types are good quality in the briquette form.

Unconfined compressive strength test is used to measure
the shearing resistance of the cohesive sample which may
be undisturbed or remolded RDFs. The unconfined
compressive strength is defined as the maximum unit stress
obtained within the first 20% strain. The unconfined
compressive strength of RDFs is 0.40-0.67, 2.01-2.32, 0.30-
1.18 and 0.39-0.73 kg/cm2 for PP-RDF, UPP-RDF, PPC-
RDF and PPR-RDF, respectively. The best ratio of RDF for
unconfined compressive strength is all RDFs.

Proximate Analysis and Ultimate Analysis for RDF
Productions

The results of proximate analysis for various RDFs
show in the Table 3. The PP-RDF characteristic is 7.18%
moisture content, 72.41% volatile solids, 9.24% fixed
carbon and 11.16% ash. The UPP-RDF characteristic is
4.13% moisture content, 62.99% volatile solids, 7.70%
fixed carbon and 25.17% ash.

© (d)

Figs. 8: Refuse Derived Fuels: (a) PP-RDF, (b) UPPRDF, (c)
PPC-RDF and (d) PPR-RDF

The PPC-RDF characteristic is 0.34% moisture content,
94.85% wolatile solids, 0.09% fixed carbon and 4.72%
ash. The PPR-RDF characteristic is 0.26% moisture
content, 94.24% volatile solids, 0.25% fixed carbon and
5.25% ash. The moisture content of all RDFs is very low.
These ranges of moisture content are within the range for
the gasification system application (Reed and Das, 1988).
Thus, they are suitable for the combustion as a solid fuel.
The ultimate analysis gives the composition of RDF
in weight percentage of carbon, hydrogen and oxygen
as well as nitrogen and sulfur. Table 4 shows the
ultimate analysis of RDFs from excavated plastic bag
wastes. The ultimate analysis of PP-RDF contains
42.86% C, 6.42% H, 20.49% O, 0.77% N and 0.06%
S. The ultimate analysis of UPP-RDF contains
41.88% C, 6.50% H, 24.59% O, 0.78% N and 0.06% S.
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Table 2: The physical properties for RDF productions

Properties PP-RDF UPP-RDF PPC-RDF PPR-RDF
Density (g/em’) 0.50-0.69 0.57-0.65 0.56-0.73 0.46-0.53
Drop shatter index 0.76-0.84 0.75-0.93 0.80-0.92 0.78-0.91
Unconfined compressive 0.40-0.67 2.01-2.32 0.30-1.18 0.39-0.73
strength (kg/cm?)

Table 3: Proximate analysis for RDF productions Conclusion

Proximate

analysis  PP-RDF  UPP-RDF PPC-RDF  PPR-RDF All binders in this study including palm fronds,
MC (%)  7.18 4.13 0.34 0.26 cassava peels and rubber wastes are suitable to be used
VS (%) 7241 62.99 94.85 94.24 as a binder for plastic bag wastes RDF5 productions.
FC (%) 9.24 770 0.09 0.25 However, the form of briquette RDF is the most suitable
Ash (%) 11.16 25.17 472 5.25 ’ !

Table 4: Ultimate analysis for RDF productions

Ultimate

analysis PP-RDF  UPP-RDF PPC-RDF PPR-RDF
C (%) 42.86 41.88 48.95 47.85
H (%) 6.42 6.50 6.70 6.13
0 (%) 20.49 24.59 37.88 39.03
N (%) 0.77 0.78 1.02 0.96
S (%) 0.06 0.06 0.17 0.13
Cl (%) 0.27 0.30 0.14 0.07

The ultimate analysis of PPC-RDF contains 48.95%
C, 6.70% H, 37.88% O, 1.02% N and 0.17% S. The
ultimate analysis of PPRRDF contains 47.85% C,
6.13% H, 39.03% O, 0.96% N and 0.13% S. The
results show similar ultimate analysis. All RDFs
provide very low of sulfur and chlorine contents. The
chlorine content is 0.0027%, 0.0030%, 0.0014% and
0.0007% of PP-RDF, UPP-RDF, PPCRDF and PPR-
RDF, respectively. The high sulfur and chlorine
contents can lead to higher emission of acidic gaseous
pollutants in the combustion process (Watanabe ef al.,
2004). The sulfur content is found relatively low in
comparison with the European standard limit of 0.4%
for RDF, the chlorine contents is lower than 0.5% set
in European standard (European Commission-
Directorate General Environment, 2003). Plastic bag
wastes and unused plastic bag wastes should be blended
with other low chlorine containing raw materials before
used as RDF in order to comply with the specified limit.

The higher heating value (HHV) results from the
completely direct combustion of the RDF to carbon
dioxide and liquid water. The HHV of PP-RDF,
UPPRDF, PPC-RDF and PPR-RDF is 5,725, 5,674,
5,548 and 5,872 kcal/kg, respectively, which is slightly
higher than that showed in Chiemchaisri et al. (2010).
The HHV criterion for RDF is higher than 3,585 kcal/kg
(Gendebien et al., 2003). Thus, the various RDFs are
suitable for waste to energy. The quality of all briquette
RDFs in this study is in compliance with the standards
and acceptable for kiln use.

form for the plastic bag wastes. The various RDFs in this
study include a plastic bag wastes-palm fronds-RDF
(PP-RDF), an unused plastic bag wastes-palm fronds-
RDF (UPP-RDF), a plastic bag wastes-palm
frondscassava peels-RDF (PPC-RDF) and a plastic bag
wastes-palm fronds-rubber wastes-RDF (PPR-RDF).
The all RDFs have good physical and chemical
properties. The HHV of PP-RDF, UPP-RDF, PPC-RDF
and PPR-RDF is 5,725, 5,674, 5,548 and 5,872 kcal/kg,
respectively. The quality of the briquette RDFs in this
study is in compliance with the standards and acceptable
for kiln use. Therefore, the plastic-bag-wastes RDF in
the briquette form is suitable for renewable energy. The
air pollutant emission of the various RDF fuels will be
investigated in the future work.
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