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ABSTRACT

One of the major factors that play a role in threatening our climate maintenance is the non-ecofriendly
energy production and finding an alternative to this is essential. Refuse-derived fuel (RDF) is an
alternative process for non-ecofriendly energy production in which fuel is produced from various types of
local waste, including municipal solid waste (MSW). It diverts the landfill waste into a source of energy
supplier. This that affect the
Refuse-derived fuel (RDF) that is derived from municipal solid waste (MSW) by reviewing prior studies

review paper examines the parameters quality of the
from multiple sources; experiment-based research papers. The examined parameters from the collected
data which included the moisture content, the ash content, Calorific value, Sulfur content, Chlorine
content, Carbon content, as well as the content of heavy metals; Cadmium (Cd), Chromium (Cr), Nickel
(Ni), Silver (Ag), Zinc (Zn), Lead (Pb), Copper (Cu), and Arsenic (As) were descriptively analyzed in
comparison to the typical contents found in the Refuse-derived fuel (RDF) as these typical contents
determine the quality of these pellets for producing energy. Some of the collected data for some

parameters fell within their typical range. Yet, some did not.

KEYWORDS: Climate Change; Energy Production Alternatives; Waste Recycling; Environment Sustainability;
Environmental Engineering.

1. INTRODUCTION recycling, is not useful as not all the waste

materials can be recycled. Burning waste had an

limate change has globally been a
massive issue that concerns
international society. It causes the melting of
polar ice caps and this on its part increases sea
levels. Also, climate change is related to
warming the earth and as a result, some regions
will fall into the reduction of crops harvest as
some crops will not cope with the increase in
temperature. Moreover, climate change could
cause the rise of some diseases and water-prone
illnesses (Abraham et al., 2014; Riedy, 2016).
The accumulation of waste is related directly
to this issue. Wastes are usually either disposed
of in sites to be burned or buried as a way to get
rid of them or recycled and this method,

impact on natural greenhouse gases (GHG) and
caused the emission of more carbon dioxide and
methane gases. High amounts of greenhouse
gases played a role in rising the temperature on
earth and melting the ice (Adedeji et al., 2014;
Riedy, 2016). Also, heavy metals such as Lead,
Mercury, Cadmium, Chromium, and some other
heavy elements are found in industrial and
commercial waste mostly. They are toxic to the
soil, human beings, animals, and plants, “These
metallic elements are considered systemic
toxicants that are known to induce multiple
organ damage, even at lower levels of exposure”
(Singh et al., 2011; Tchounwou et al., 2012;
Asati et al., 2016).
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Waste to Energy (WTE) technologies could
be replacement methods for deriving energy in a
healthier way to the environment. For waste to
be converted into a different form of energy,
some conversion methods could be implemented
to get these forms of energy. These conversion
“Thermochemical
“Physicochemical

methods could include

conversion”, Conversion”,
and  “Biochemical = Conversion”. These
conversion methods had different energy
deriving processes as they could produce
different forms of energy and products including
heat, electricity, liquid biofuels, solid fuels,
industrial materials, and solid conditioners. RDF
pellets fall within the Thermochemical
conversion method that results in the production
of heat and electricity (Seltenrich, 2016;
Malinauskaite et al., 2017).

The  Refuse-derived fuel (RDF) is an
alternative process for non-ecofriendly energy
production in which fuel is produced from
various types of local waste, including municipal
solid waste (MSW), industrial  waste,
non-recycling materials, and commercial waste
through several recycling methods; a mix of
mechanical and biological treatment methods
that include shredding, digesting, magnetic
separation, Eddy current separation, Trommel
screening and finally the production of the
pellets (Hernandez-Atonal et al., 2006) which
will be used in different forms of applications to
produce different forms of energy and products
as it will be a source for electricity and heat; it
will act as an alternative to coal-based energy
production and cement kilns (Sapuay, 2015;
Hemidat et al., 2019). The RDF pellets are good
alternatives for various fuels as it uses most of
the waste that is being disposed of; avoiding the
negative impacts of landfilling and other forms
of polluting the environment.

This paper will examine the parameters that
could identify the quality of RDF pellets when
produced from municipal solid waste (MSW) by
reviewing multiple sources based on that issue as

it will describe the typical ranges and the
properties of each parameter affecting the quality
of RDF pellets.

2. MANUFACTURING PROCESS OF THE
REFUSE-DERIVED FUEL (RDF) FROM
MUNICIPAL SOLID WASTE (MSW)

Refuse-derived fuel is typically derived from
municipal solid waste (MSW) by undergoing
different processes respectively including
Shredding,  Digestion  Tower,  Magnetic
separation, Eddy current separation, Trommel
Screening, and  lastly  the  pelletizer
(Hernandez-Atonal et al., 2006; Fitzgerald et al.,
2009).

In Sulaimani city, the Refuse-derived fuel is
derived from the municipal solid waste (MSW)
by undergoing the following processes
respectively (Sarwar, 2020).

-Shredding in which the municipal solid waste
(MSW) size becomes less than 30 cm.

-Trommel screening in which the MSW is
separated according to their size in which the
MSW that is less than 30 cm moves to the next
step in contrast to those which are greater than
30 cm.

-Bio-drying in which the MSW is fully dried up
from any liquid it used to contain.

3. CHARACTERIZATION OF THE
REFUSE-DERIVED FUEL (RDF) FROM
MUNICIPAL SOLID WASTE (MSW)

This paper is a reviewed-research based
paper; the collected data were constructed from
previous experiments on RDF pellets in different
countries that aimed to replace the energy
produced from conventional fuels by the energy
produced through the production process of RDF
pellets. It also focuses on the environmental
impact of RDF pellets as this process reduces the
municipal solid waste being piled up in landfills.
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3.1 Data Collection

The data that were selected were collected
from the European Commission that included
data from all across Europe, Marmara Research
Center in Turkey, Sheffield University in the UK,
the University of Jordan in Jordan, and the
University of Rome in Italy.
3.2 Data Analysis

Chemical properties of RDF pellets were
selected from these research papers as these
properties determine the use, the application, and
the quality of RDF pellets. These properties
included the moisture content, the ash content,

Calorific value, Sulfur content, Chlorine content,
Carbon content, as well as the content of heavy
metals; Cadmium (Cd), Chromium (Cr), Nickel
(Ni), Silver (Ag), Zinc (Zn), Lead (Pb), Copper
(Cu), and Arsenic (As). The selected properties
were illustrated in the form of charts that convey
the average value of these properties from all the
selected research papers.

This paper deduces the quality of the
Refuse-derived Fuel by identifying the typical
ranges of each of the selected parameters that are
derived from MSW.

4. LITERATURE REVIEW

Table (1): RDF Pellets Analysis

Immediate Analysis Calorific Elementary

References

Property Analysis

Trace Element Analysis

Types of

Moisture% Ash% Calorific S% Cl C% Cd Cr Ni Hg Zn Pb Cu As
Value % (m (m (m (mg/ (mg/  (mg/k (mg/k (mglkg)
MJ/kg alk alk alk kg) kg) 9) 9)
9 9 9
Gendebien et al, 13.4 13.8 20.6 0.1 0.7 ok 2.2 48 13. 0.2 ok 89 97.5 1 Demolition &
2003 1 Commercial
Waste
24.7 16 13.3 0.2 0.6 ok 0.6 70 21. 0.4 225 121 59.5 3 MSW (Across
5 Europe)
11.5 9.6 229 0.1 0.7 ok 0.8 20 6.2 0.2 ok 25 48 15 Industrial &
Commercial
Waste
Gendebien et al, 25 20 15 0.6 0.9 ok 7 100 40 7 500 200 300 9 MSW (ltaly)
2003
Kara, 2012 rkk 7.7 14.644 0.4 0.9 58 1.6 rrk Hrk 0.3 Hork 26.5 18.4 0.9 MSW (Turkey)
6 5
Hernandez-Aton 3.7 18.9 xkk 0.2 2.5 61. 2 150 Hrk Hrk 548 250 805 4 MSW (UK)
al et al., 2006 2
1.7 17.7 rkk 0.3 1.7 69. 1 55 Fokk Fokk 326 343 992 2
1
19.7 20.4 xkk 0.2 1.8 57. 29 71 work work 1135 245 2320 4
4
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Compagnone et 7.8-8.4 15.8-16 ok 0.0 ok 55. 0.8 76 166 0.5 445 880 320 0.7 MSW (ltaly)
al., 2006 .8 3+ 1+
0.0 0.3
5
Hemidat et al., 25 16 12.84 ok 0.5 ok 2.9 62 53 <0.0 280 b bl 0.89 MSW (Jorden)
2019 6 3
34 19 15.82 px 1.2 ok 3 70 64 <0.0 260 b bl 11
3
Collected Data 1.7-34 7.7-20. 12.84- 00 05 54, 0.6 20- 6.2 0.03- 225- 25-8 18.4- 0.89-9
Range Values 4 229 30 62 86 -29 150 -16 7 1135 80 2320
.6 .5 9.1 6

*Note: Some studies did not record some properties; therefore, the non-recorded properties are not considered as

zero in this paper. Also, the presented charts in this paper are based on this table.

5. RESULTS AND DISCUSSION

The positive impact of the RDF pellets has
been seen in different cities around the world,
including Sulaimani city. Sulaimnai city
produces about 1,200,000 tons of MSW on daily
bases; the MSW is dumped in landfills
producing methane gas that is harmful to the
environment. The introduced RDF heals about
85% of this MSW as it converts it into RDF
pellets. The energy produced from these RDF
pellets currently replaces about 20% to 30% of
the typical energy used in the factories; and by
that this method reduces the harm caused by the

MSW to the environment (Sarwar, 2020).
5.1 Immediate Analysis

The RDF pellets go under various analyses
that determine its properties. These analyses are
applied after the recovery processes of the
municipal solid waste. The immediate analysis
includes measuring the content value of moisture
and ash in the RDF pellets. These two content
properties are important to be measured as any
excess or surplus amount of them will damage
the product’s quality, RDF pellets. Therefore,
they should exist in the product but within a
specific range.
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Suitable Moisture Content Range of RDF
Pellets
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Fig. (4): Suitable Moisture Content-Range of RDF Pellets of MSW

The moisture content should be within the
range of 10% to 18% as this percentage range is
the suitable interval for the process of briquette
to produce RDF pellets (Kers et al., 2010; Matus
et al., 2010). If the content value is more than
18%, then the product should undergo a drying
process where it loses its excessive amount of
moisture. Similarly, if the moisture content is
lower than 10%, then “Lover moisture” products
should be added to the RDF pellets. In this study,
and from the collected data, the range of the
moisture content ranged from 1.7% to 34%.
Figure 4 shows the suitability of RDF pellets in
the process of briquetting from the collected
data.

5.2 Elementary Analysis

Sulfur is another factor to be measured in
RDF pellets as it reacts with oxygen; producing
Sulfur Dioxide during the combustion process.
The typical Sulfur content found in crude oil,

which is an important factor for producing
energy, ranges from 0.05% to 14% (Fahim et al.,
2010; Yari, 2017). Sulfur in this study ranged
from 0.03% to 0.6%; the majority of the data
collected fell within the range that satisfies the
production of energy if compared to the Sulfur
content found in crude oil as is illustrated in
Figure 5.

The Chlorine content in RDF pellets is
another important property that should be
measured as Chlorine plays a role in the
combustion process to produce energy. The
typical Chlorine content found in combustors
ranged from 0.5% to 2.5% “‘at temperatures as
low as 400-500 C” (Procaccini, 1999; Ma et al.,
2020). The Chlorine content values of this study
ranged from 0.56% to 2.5%; the collected data
fell in the typical range of Chlorine content as it
is illustrated in Figure 6.

mm17084@auis.edu.krd, gk16186@auis.edu.krd, zal7054@auis.edu.krd
'Corresponding author: College of Civil Engineering, AUIS, Kurdistan Region, Iraq



Journal of University of Duhok, Vol.23, No.2 (Pure and Eng. Sciences), Pp 104-115, 2020 (Special Issue)
3" international conference on recent innovations in engineering (ICRIE) Duhok, September 9-10-2020

Typical Range of Sulfur Content in Crude QOil
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Fig. (5): Typical Range of Sulfur Content in Crude Oil
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Fig. (6): Typical Chlorine Content-Range in Combustion

Carbon is an important element in fossil fuel a role in the interest of producing enerqgy. The
for producing enerqgy as the process of producing Carbon content in this study ranged from 54.8%
energy is dependent on the heat produced when to 69.1%. The Carbon content was significantly
Carbon is burnt (Radford, 2013). Therefore, it is higher than the other property content values as
an important factor to be measured in the it is illustrated below.
produced RDF pellets from the MSW as it plays
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Properties Content Value Percentages of RDF Pellets of
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Fig. (7): Content Value Percentages of RDF Pellets of MSW in Different Countries

5.3 Trace Element Analysis

Since MSW is taking too many lands and the
treatments of MSW (incineration and biological)
are found to harm the environment, RDF is the
best alternative to make the MSW a less
environmentally harmful source of energy.

During the gasification method of RDF,
unwanted “organic pollutants” by-products
might be formed when reacting with the heavy
metals such as Pb, Cd, Zn, Cr, Ni, As, and Hg
that are represented in the ash content of the

RDF pellets. It was found that during the
gasification method; of an average length RDF
pellet, 15 mm to 20 mm and a diameter of 7 mm,
that the heavy metals; in the high-temperature
range of 600 C° to 750 C°, will move to the air
or accumulate in the soil and harm the
environment, except for Cd as it needs higher
temperatures (Zhou, et. al, 2016). Therefore, it is
important to indicate the content value of each
heavy metal found in the RDF pellets. The range
of the collected data is set to be as in Table 2.

Table (2): The ranges of Heavy Metals in RDF Pellets from MSW

Cd mg/kg Cr mg/kg Ni mg/kg Hg mg/kg

Zn mg/kg Pb mg/kg Cu mg/kg As mg/kg

0.6-29 20-150 6.2-166 0.03-7

225-1135 25-880 18.4-2320 0.89-9
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It can be noticed that unlike the other metals,
the amount of Zn and Pb are very high while the
amounts of Cd and Hg rank the least as these
heavy metals, generally, are extracted from
“goods such as cans, cables, zippers, or batteries

Heavy Metals Val

which are highly concentrated in metals” like Pb
and Zn (Skutan and Brunner, 2012). Figure 8
represents the numerical amount of heavy metals
in RDF pellets derived from MSW from
different countries.

ues of RDF Pellets of

MSW in Different Countries
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Fig. (8): Heavy Metals Values of RDF Pellets of MSW in Different Countries
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As represented in Figure 9, for the RDF
pellets from the data collected from across
Europe, the amount of Zn is the highest with a
value of 225 mg/kg, Pb is ranked in second place
with a value of 121 mg/kg. The least amount is

Hg with a value of 0.4 mg/kg; these amounts are
from wastes collected from apartments and
offices from 752 samples (Gendebien et al,
2003).

The Amounts of Heavy Metals in RDF Pellets
Across Europe

250
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59.5

0.4 I 3

Hg Zn Pb Cu As
Heavy Metals

Fig. (10): Heavy Metals in RDF Pellets in Italy

Figure 10 shows the amount of heavy metal
from MSW in Italy. The highest amount is for Pb
with a value of 880 mg/kg. Zn is ranked in
second place with a value of 445 mg/kg and Hg
ranks the least with a value of 0.5 mg/kg. These
values are expected to be ranked like this;
usually Hg ranks the least while Pb and Zn ranks
the highest.

5.4 Calorific Value

To determine how much energy, the material
can produce, the calorific value is to be
considered after the end of the combustion.
Many factors can affect the amount of the
calorific value, for example, the calorific value
changes with the change of the moisture and ash
content, an increase in the moisture and ash
content presented in the fuel leads to a decrease
in the calorific value of that fuel. The reason lies

behind that the high moisture value in the fuel
means higher water amount; hence it needs more
energy to be burnt. The ash content on itself is a
result of incombustible materials that result after
the end of the combustion.

The standard amount of calorific value (HHV)
produced by the RDF is 18 MJ kg—1 and it is
sufficient compared to the standard amount of
calorific value in raw MSW fuel which is
9.1 MJ kg—1 (Zhao et al, 2016). In other words,
the calorific value represents the amount of
energy released as heat after the complete
combustion with the presence of oxygen. In this
study, the data were collected from Turkey,
Jordan, Italy, and across Europe ranging between
13.3 MJkg—1 to 15 MJ kg—1 as represented in
Figure 11.
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Calorific Values of RDF Pellets of MSW
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Fig. (11): Calorific Values of RDF Pellets of MSW in Different Countries

6. CONCLUSION

-In conclusion, the positive environmental
impact of RDF pellets was conveyed in this
paper as these RDF pellets reduces the harm that
is caused by landfilling through which it
eliminates the landfills by deriving different
forms of energy from municipal solid waste
(MSW).

-The analyzed parameters presented in this paper
determined the typical quality of RDF pellets
when derived from municipal solid waste (MSW)
from different countries.

-Each parameter, including moisture content, ash
content, Sulfur content, Chlorine content,
Carbon content, heavy metals content (Cd, Cr,
Ni, Ag, Zn, Pb, Cu, As), and Calorific values had
its typical range and numerical amount presented
in these RDF pellets.

-None of the moisture content values from the
collected data fell within the typical range of
moisture content found in RDF pellets. In
contrast to the moisture content, the Sulfur

content and the Chlorine content from the
collected data fell within their typical ranges
while the Carbon content ranked the highest.
-Regarding the heavy metals, the two heavy
metals, Pb and Zn, were found to be ranked the
highest from almost all the selected data while
Hg ranked the least.

-The Calorific value from the collected data
ranged from 13.3 MJ kg—1 to 15 MJ kg—1. This
value represents the amount of energy produced
from the RDF pellets; hence, the amount of
energy produced as heat.
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