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ORIGINAL STUDY

Waste Recycling: Waste to Energy System

Basheer A. Ghani*, Nadhim M. Faleh

Al - Mustansiriya University, College of Engineering, Department of Mechanic, Baghdad, Iraq

Abstract

The current economic growth trend of increased urbanization has resulted in huge amounts of municipal waste and
energy consumption. Many emerging countries, such as Iraq, suffer from the worsening of such a problem. Thus, an
adequate municipal waste management system and the innovation of renewable energy alternatives are the fundamental
issues that need to be addressed.

Two test rigs were used in this study: the first separates waste based on the principle of gravity and the difference in
density between the constituent elements of the waste, The test rig consists of a conveyor belt (0.5 m) width and (1.5 m)
length with variable height and speed that throws the waste into special containers to separate the waste. The study
suggested taking samples of equal size (1 cm3) for all elements and showing the effect of the sampling process on the
separation methods approved by the test rig. The second is a laboratory test rig that analyzes waste and produces
combustible gas, thus producing thermal energy. The main components of the rig are a digester (0.4 m diameter - 0.64 m
height), a calorimeter, and several other components.

The data analysis method developed by Japanese scientist Takeuchi was used to analyze the results of the first test
rig's experimental work. The main results of this analysis showed that the height is (0.67 m), the speed is (1.9 m/s), and
the distance of the samples falling ranges from about (0.53 m) to (0.58 m).

The significant findings of the current study for the second test rig are obtained for the amount of thermal energy and
measured using a calorimeter, and it was found that the highest value of energy was obtained on the 23 day of the start of
the fermentation process; the amount was (10752.88 Jules) in the second experimental test.

Keywords: Waste separation machine, Waste-to-Energy, Solid waste, Automatic separation process, Anaerobic digestion,
Solid fuel combustion

1. Introduction showing its strong possible ability to be a renewable
energy source [2]. City-based garbage has chemical
energy that may be changed into a variety of energy
sources, including heat and electricity. This pro-
cedure is generally carried out using one of two
methods: heat or biochemical treatments [3]. Warm
and organic treatment advancements for civil trash
have grown rapidly to transform huge measures of
extra metropolitan waste into helpful products.
waste-to-Energy (WtE) power plants are a potential
warm transformation innovation that might be uti-
lized to consume civil rubbish-based materials
streams, bringing down ozone-depleting substance
outflows and lessening how much land is required
for metropolitan garbage removal. Simultaneously,
the power meeting the developing worldwide

he current increase in solid waste generation,

as well as the major problems in handling this
trash, is risking worldwide development, especially
in newly-visible nations. In a business-as-usual
picture/situation, around 2 billion tons of city-based
solid trash (City-based garbage) is created around
the world each year, and this amount is expected/
looked ahead to rise by nearly 65 percent to 3.4
billion tons by 2050 [1]. This problem also presents
an opportunity: city-based garbage is plentiful,
especially in consumer-oriented nations, and might
be a money-making product under some conditions.
It possesses a high proportion of biogenic carbon
(50—60%) and a high energy content, pointing to
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requirement for electricity creates is utilized. As
indicated by the latest report from the Unified
Countries Modern Improvement Association [4].
Human activities (modern, family, business, and
working) as well as creatures make such trash in
different ways. A portion of the trash created by
economic activities can't be reused. In the event that
not tended to, a large portion of these squanders can
hurt the environment and cause contamination,
which straightforwardly corresponds to populace
development. This figure featured a tremendous
issue standing up to the globe, specifically, the
deficiency of 10% of human existence inferable from
waste-related infection [5]. Besides, it is observable
that inappropriate waste administration dirties the
air, water, and land. Moreover, the waste classifi-
cations in Baghdad are displayed in Fig. (1).
Accordingly, a definitive objective of such measures
is to guarantee practical development and great
waste administration to diminish the effect on peo-
ple and the climate [6].

“Reuse, Reuse, and Recuperate” are the most
central solutions for diminishing strong waste,
though waste entombment is a definitive choice [7].
Squander that is left disregarded affects the climate
and should be controlled. Whether or not a nation is
created or created, squandering the executives has
forever been a troublesome errand for all intents
and purposes of each region in the world. Different
human activation at the home grown, business,
rural, and modern levels bring about garbage,
which is both natural and inorganic in nature. In
nature, in light of the substance and wellspring of
the age [8]. however, In Iraq, it is usually alluded to
as garbage or waste, and it is created by houses,
work environments, inns, eateries, commercial
centres, business buildings, and establishments,
among different spots. Bundling, strong and non-
sturdy things, yard trash, and strong and semi-
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Fig. 1. Components of municipal solid waste as weight percent in
Baghdad city [6].

strong kitchen squander make up most of it. Due to
the previously mentioned causes, a lot of junk is
likewise unloaded openly on free land in Iraq
without being dealt with. In Baghdad, trash is
covered in landfills in the Al-Nabai and Nahrawan
locales, and there is no committed station for dedi-
cated sorting and treatment before entombment
Quick development in trash creation is putting a
weight on Iraq's waste administration foundation,
which has been gravely harmed by many years of
mismanagement. Most squanders are tossed in
uncontrolled landfills across Iraq because of an
absence of present-day and viable waste adminis-
tration and removal framework, with practically no
respect for human wellbeing or the climate. Un-
constrained flames, surface water contamination,
groundwater defilement, and enormous scope
greenhouse gas discharges have been the signs of
Iraqi landfills [9]. However, MWM in industrialized
countries differs in a number of respects, including
source segregation, suitable waste processing tech-
nology, and the confinement of landfill disposal to
inert and non-recyclable waste. When selecting a
waste processing technology, the waste composition
is a crucial factor. It must thus be carefully exam-
ined. Common waste processing techniques include
anaerobic digestion (AD), combustion, incineration,
and composting [10].

2. Methodology

The comparison of the two primary waste-to-en-
ergy technologies, anaerobic digestion and WTE
combustion, as non-recycled waste disposal alter-
natives in Iraq-Baghdad, was the main objective of
the study. In this study, the researcher used a two-
part methodology that included an expert survey
and data analysis. The goal of the literature review
was to get more knowledge about WTE technology,
municipal waste management, and its applications.
Additionally, the literature review provides infor-
mation on the state of WTE technologies at the
moment, as well as economic and environmental
aspects to take into account when making a judg-
ment. Prior to deciding on an adequate process for
turning trash into energy, which is in and of itself a
difficulty, it is important to establish a suitable sys-
tem for segregating municipal garbage. Fig. (2) dis-
plays the conceptual framework.

3. Waste-to-energy systems

Incineration technology, which was invented for
the first time in history in Denmark in 1903, was the
precursor to WtE technology. The two most widely
utilized processes for turning municipal garbage
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Fig. 2. Methodological overview.

into energy are thermal treatment technology
(thermochemical conversion) and biological treat-
ment technology (biochemical conversion). For
trash with low moisture content, thermochemical
conversion is preferable; for waste with high mois-
ture content, such as organic waste, biochemical
conversion is preferable. The different waste con-
version procedures are depicted in the flow chart
Fig. (3) below [11]. The energy that is recovered from
waste can be used to provide power, heat, or both
(commonly referred to as combined heat and
power). How potential end users intend to use the
available heat and/or electricity will decide the en-
ergy source that is chosen [12]. moreover, Energy
recovery, which is carried out by either burning or
anaerobic digestion of municipal garbage and is the
most ecologically benign option, is a crucial part of
waste management. Combustion or digestion of
municipal refuse reduces waste while generating
electricity. Replacing fossil fuels with renewable
energy, this technique lowers greenhouse gas

Organic
materials

WQs|e mp Sepacion :

Non Organic Ther
materials

Biochemical
Processes

emissions and the generation of methane in land-
fills. By employing the proper WtE technology,
reducing the volume of municipal waste, and pro-
ducing energy, it is possible to use municipal trash
in this situation to recover energy. It lessens
greenhouse gas emissions from open dumping and
landfills, assisting in the resolution of the issue of a
limited amount of landfill space [11].

One of the techniques for producing energy from
waste is combustion. Combustion is the process of
burning municipal waste in its raw form to produce
energy in the form of heat or electricity. At a tem-
perature of 850 °C, the waste must be effectively
oxidized by the combustion process in order to be
converted to carbon dioxide and water [11]. The
method of turning rubbish into energy by burning
waste in an electrical station outfitted for a full
investigation is shown in Fig. (4). Energy recovery
by incineration is a well-known and superior
method of handling municipal waste in big cities
that helps reduce the quantity of waste that is

Ancerobic
Digestion

B bogos W)

:gcmm ‘ Incineration » Heat »

Fig. 3. Waste to Energy technologies.
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Fig. 4. Incineration flow chart which shows the thermal treatment technology [11].

landfilled. This approach looks to be feasible in an
urban setting, offering a practical choice for con-
trolling significant amounts of municipal waste
while simultaneously recouping energy. However,
this technique requires a substantial investment
since environmental safeguards must be taken to
reduce emissions. Therefore, before incineration
technology is used, it is important to take into
account factors such as waste volume, waste com-
bustion heat, location, maintained facilities, opera-
tion and maintenance expenses, and investment.
Additionally, most developing countries dislike.

3.1. Anaerobic digestion

Anaerobic digestion is a complex biochemical
process in which a large number of facultative and
anaerobic microorganisms simultaneously
consume and degrade organic materials. As a
result of its inherent energy efficiency and
frequently minimal chemical requirements, anaer-
obic digestion is the stabilization method that is
most frequently utilized in medium and large
municipal solid waste plants. As shown in Fig. (5),
anaerobic bacteria stabilize the organic waste dur-
ing anaerobic digestion in airtight tanks, where
they also release CO2 and methane. The digested
sludge is suitable for soil conditioning since it is
pathogen-free, non-aggressive, and stable. Anaer-
obic treatment has the benefit of achieving high

levels of stability while minimizing the biological
degradation of organics [14]. The calorimeter
includes a manual stirring arm that is submerged
in the water and an electronic thermometer that is
attached to a glass container that is filled with
water and suspended by a bearing above the
combustion chamber. Fiberglas is used to insulate
the glass container's surroundings from heat. The
law below is then employed to determine the
quantity of latent heat after reading the water
temperatures before and after the gas-burning
process. Understanding how much energy is pro-
duced by waste fermentation for every kilogram of
organic waste.

q = Cv (Tf - Ti)
q = S m (Tf - Ti) [15] (1)
where:

q = is the amount of heat (j).

S = specific heat (j/g c°) = 4.184 j/gc°® for water.
m = mass (g).

Tf = final temperature.

Ti = initial temperature.

3.2. Separation procedure
After defining the issue, a gravity separation

strategy was used, which separates materials based
on differences in specific gravity (SG) across various
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Fig. 5. Anaerobic digester Rig.

minerals. Despite the fact that there are separators
for dry gravity instances, this method involves wet
work. Gravity separation is successful when the SG
of the materials that need to be separated changes
significantly. Additionally, the particles have a
square structure and a steady, moderate particle
size. Under specific operating conditions, the ex-
periments in this study are designed to produce
separation applications. This study used a local
analysis to try to find the relative composite fraction
in Baghdad rubbish. Aluminium cans made up 34%
of the rubbish, followed by plastic (52%), while
paper, dust, and other materials made up the
remaining [5]. Storage box, transporter belt, electric
motor, clamping rollers, accelerometer, separation
containers, and camera make up the system shown
in Fig. (6). When the garbage is deposited in the
storage box and moved equally by gravity to the
transporter belt, and is then assigned a speed and
linear acceleration that are both equal to the speed
With containers positioned at various distances
from the transporter belt, trash is thrown at varying
distances depending on the mass density of the
material by the acceleration of the transporter belt,
whose speed is regulated by the electric motor and
the accelerometer.

4. Design
4.1. Design of the transporter belt

The transporter belt has been designed particu-
larly for flat idlers. The load stream area, or cross-
sectional area of the load on the belt, is calculated
using

A = 0.16B% C tan O [16] )

Where, B = the width of the belt which is selected
to have a value of 500 mm. C = a constant with a
value between 0.85 and 1.00. A value of 1.00 is
selected.

@ = 0.35 x static angel of response of load [16].

Municipal solid trash is classified as refuse
because it is slow in terms of flow ability, abrasive,
and very light and fluffy, which means it may be
blown around. As a result, the static angle of repose
is 40° and upward. A 45° angle has been chosen.
Thus,

0 =035 x 45 = 15.75.
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Fig. 6. Separation rig.

Therefore, the cross sectional area of load on the
belt is.

A =0.16 x 05% x 1 x tan 15.75 = 0.01128 m?

The capacity of the transporting is estimated using

Q = 3600 Avy [16] 3)

Where

v = Transportation speed which should range
from 0.5 to 0.8 m/s

a speed of 0.7 m/s selected

Yy = specific weight of the load in KN/m® = pg

p = Density in kg/m?

g = Acceleration due to gravity = 9.81 m/s*

The typical density of refuse is 160—320 kg/m>
[16]. Uncompacted and compacted solid wastes had
similar densities of 140.5 kg/m>® and 223 kg/m?,
respectively. However, for the design, a value of
300 kg/m® was used. As a result, the municipal
waste's specific weight is

y =300 x 9.81 = 2.94 kN/m®
Hence, the capacity of the transporting is.
Q = 3600 x 0.01128 x 0.7 x 2.94 = 83 KN/hr

The nominal volume capacity is estimated using
[16]:

V = 3600 x load stream area x belt speed = Q/y (4)

V = 28.42 m*/hr
4.2. Design for transporter Pulleys and Shafts

The diameter of the transporter pulley drum, D,
has been chosen to be 100 mm for the belt width
chosen and to have a face width of roughly 600 mm
for an edge clearance of about 50 mm. The pulley's
rotating speed, and therefore the shaft's speed,
which determines the transporter belt's chosen
translational speed, is calculated as.

N=60v/mD =60 x 0.7/7 x 0.1 =133.69 rpm (5)

The full thickness longitudinal tensile strength is
selected as 160 kN/m [16]. For a belt width of
500 mm, the tensile force in the belt is

F =160 x 0.5 = 80 KN

The permissible or working tension, Fall, on the
transporter belt is 8 kN, assuming a factor of safety
of 4 for material subject to unpredictable stresses
and loads. The torque generated by this force
around the 100 mm diameter pulley is.

T =B x 0.1/2 = 0.4 KN.
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The power to be delivered to the transporter belt
through the pulley is

P=Fxv=8x07=56KW (6)

The diameter of the shaft to drive the transporter
belt is estimated as

. (16 Tn)% @)

T™T

Where © is the maximum allowable shear stress,
taken as 55 MN/m” for commercial steel shafting
[16]. Hence.

[ 16x400
~ \r x 55 x 106

The shaft diameter selected is thus 35 mm for
the driver and driven shafts.

1
3
> =0.0333m

5. Results
5.1. Results of Separation Rig

When the transporter belt was run, the waste stream
Classified into iron, plastic, wood, glass and organic
materials Based on the screening capacity of the ma-
chine. Where samples of equal size of cubic shape but
different in specific density and according to the type
of material were taken. Separation containers, but
with different fall distances. Results Obtained from
tests on the device shown in Tables 1—5.

It was noted from the results that there is a vari-
ation in the falling distances of the samples ac-
cording to the type of material used, in addition to
an increase in the falling distance as the conveyor
belt speed increases, which gives an increase in the
percentage of waste separation operations as shown
in Fig. (7). The relationship between the density of
the samples to be separated with the horizontal fall

Table 1. Results obtained from the solid waste sorting machine test at speed 0.7 m/s.

Solid waste

Height (cm) The distance (cm) Speed of transporter belt (m/s) Time taken to sort(Seconds)

sample of ferrous metallic materials 40 14
sample of Wood materials 40 15
sample of plastic materials 40 15
sample of glass materials 40 133
sample of Organic materials 40 13.5

0.7 0.27
0.7 0.28
0.7 0.26
0.7 0.31
0.7 0.33

Table 2. Results obtained from the solid waste sorting machine test at speed 1.11 m/s.

Solid waste

Height (cm) The distance (cm) Speed of transporter belt (m/s)

Time taken to sort(Seconds)

sample of ferrous metallic materials 40 23
sample of Wood materials 40 245
sample of plastic materials 40 225
sample of glass materials 40 22
sample of Organic materials 40 245

1.11 0.27
1.11 0.29
1.11 0.28
1.11 0.26
1.11 0.29

Table 3. Results obtained from the solid waste sorting machine test at speed 1.38 m/s.

Solid waste

Height (cm) The distance (cm) Speed of transporter belt (m/s)

Time taken to sort(Seconds)

sample of ferrous metallic materials 40 29.5
sample of Wood materials 40 29.5
sample of plastic materials 40 30.3
sample of glass materials 40 30.2
sample of Organic materials 40 29.5

1.38 0.36
1.38 0.3
1.38 0.29
1.38 0.3
1.38 0.28

Table 4. Results obtained from the solid waste sorting machine test at speed 1.66 m/s.

Solid waste

Height (cm) The distance (cm) Speed of transporter belt (m/s)

Time taken to sort(Seconds)

sample of ferrous metallic materials 40 35
sample of Wood materials 40 33.5
sample of plastic materials 40 34.5
sample of glass materials 40 34

sample of Organic materials 40 35

1.66 0.3

1.66 0.28
1.66 0.29
1.66 0.28
1.66 0.28
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Table 5. Results obtained from the solid waste sorting machine test at speed 1.94 m/s.

Solid waste

Height (cm) The distance (cm) Speed of transporter belt (m/s) Time taken to sort(Seconds)

sample of ferrous metallic materials 40 41 1.94 0.29
sample of Wood materials 40 42 1.94 0.29
sample of plastic materials 40 425 1.94 0.29
sample of glass materials 40 425 1.94 0.29
sample of Organic materials 40 42 1.94 0.29
. Table 7. The result of Anaerobic Digestion Rig at
Height (40 cm) average temperature weather (32.55 °C).
50 Time (day) heat energy(J)
_ 40 1 0
£
% 30 =&=Iron 2 0
2 ~—Wood 3 0
8 20 .
z Plastic 4 0
10 =>=Glass 5 0
0 ==i=Organic materials 6 0
07 111 138 166 194 7 836.8
speed(m/s) 8 1297.04
9 3932.96
10 5941.28
. T . . . . . 11 5104.48
Fig. 7. Variation in fall distance in variable speeds of multi materials. 1 56484
13 4351.36
14 5355.52
Height (40 cm) 15 6066.8
P 16 5606.56
5 o 17 8535.36
g 40 m speed=0.7 18 7363.84
é 20 M speed=1.11 19 10,083.44
& ' ‘ o 20 10,041.6
‘ ‘ speed=t 21 4518.72
133 1) ' ¥ speed=1.66 22 10752.88
23 g3 = speed=1.94 23 5648.4
Density (g/ cm?3) 24 3096.16
| 25 6443.36
26 6401.52
Fig. 8. Shows the relationship between density and distance for a lab- ;Z 1(6)2;;2
oratory waste separator. 29 460.24
30 669.44
distances of the samples during different parame-
ters shown in Fig. (8).
5.2. Results of anaerobic Digestion Rig
12000
Local household waste was collected from sani- | 10000 3\
tary landfill sites in the city of Baghdad, and the < 8000 | A

Table 6. Proximate analysis of materials used in model.

Material Proximate analysis
weight of Percentage of
material (kg) material

Total weight of 13.87 100%

solid waste

Organic waste 4.16 30%

Cow dung 7.8 55%

Water (L) 2 15%

Heat energy ( j)

6000 |

4000 # W
2000 =
Y .

0 00000006

135 7 911131517 192123252729
Time (Day)

————————

Fig. 9. Shows the relationship between heat energy and the time for an
Anaerobic Digestion Rig at average temperature weather (32.55 °C).
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waste was sorted manually and the various organic
wastes were extracted with the isolation of inorganic
waste, because anaerobic digestion processes
depend in particular on organic matter. After
fermentation of waste with certain percentages of
waste with water with stimulating substances for
bacterial decomposition (Cow dung) as shows in
Table 6. The results shown in Table 7 were obtained
for the amounts of energy produced by anaerobic
Digestion. Fig. (9) shows the relationship between
heat energy and the time at average temperature
weather (32.55 °C).

6. Conclusion

Global population growth has an impact on the
environment. One of the biggest environmental
issues of our day is the rising amount of urban
solid waste. On the other side, population expan-
sion increases the need for energy. Waste disposal
that is turned into energy will aid humanity in
addressing these two important issues. Solid
waste management has grown to be a significant
concern in the majority of developing nations,
including Iraq. In this study, a waste sorting ma-
chine that classifies municipal solid waste based
on the material's specific density was created,
together with a waste fermentation machine. This
conclusion can be drawn from the performance
evaluation results.

1. The waste falling on the conveyor belt acquires a
linear speed and acceleration equal to the data of
the conveyor belt, which leads to the extrusion of
the material to a distance directly proportional to
the belt speed.

2. The distance of samples falling into waste sep-
aration containers increases directly with the
height of the waste separation device or the
conveyor belt for throwing the waste.

3. The separation efficiency of samples increases
when the speed and height of the conveyor belt
used in the waste separation devices increase.

4. Through the equation that was found from the
Takeuchi method, it is shown that the effect of

the speed factor is greater than the effect of the
height factor.
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