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Abstract

Population growth is causing a high demand for construction and cement use and, at
the same time, increasing the amount of MSW (Municipality Solid Waste). One of the
solutions that can help to reduce the amount of waste in developing countries, along
with the demand for fossil fuels, is using co-processing and incineration technologies

in the cement industry.

The objective of a waste management system is not to dispose of waste products, but
it is to supply the economy with secondary raw materials and energy from waste. In
the cement industry, co-processing is one of the best ways of recovering material and
energy from waste. The desired waste material, to be used as a fuel, is available

usually within the state or the country.

Algeria, as a middle-income country, with a 72% urbanisation, faces waste
management challenge. The industry sector consumes 25 % of the final gas
consumption in the country. This study aims to reduce gas consumption in cement

industries, one of the intensive consumers in the industry sector.

Waste oil, plastic, and MSW (Municipal Solid Waste) as alternative fuels in the burning
process of a cement industry are studied. The inject points are the main burner,
calciner, and combustion chamber. Based on the injection point and replacement

ratio, four different projects are analyzed:

Waste Co-Processing in the Main Burner - 100% waste oil
Waste Co-Processing in the Main Burner - 70% waste oil and 30% plastic
Waste Incineration in the Calciner - 50% plastic and 50% MSW

P 0N PR

Waste Incineration in the Calciner and Combustion Chamber - 50% plastic
and 50% MSW

Annually, at the targeted industry, 1,620,000 m3 waste can be incinerated in the
calciner and combustion chamber. Incinerating waste only in the calciner needs a
higher amount of averaged calorific value and waste treatment process, and
approximately 1,200,000 m3 waste can be burned. Waste co-processing in the main
burner project can reduce the amount of waste oil 120,000 m?3 per year. In the case
of using a 30% replacement ratio with plastic also in the main burner, almost a waste

volume reduction of 250,000 m3 per year can be seen.
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1 Introduction

The amount of municipal solid waste (MSW) as a by-product of urban life, with the
growth of the urbanisation is increasing fast. Currently, humans generate about 3.6
million tonnes of solid waste per day. The Public’s health, the environment, and the
international and national economy are affected by rapid waste growing and poorly
managed waste disposal. Reducing, reusing, and recycling (3R’s) slows the growth
of the waste stream, but the fast increase in population growth, economic growth, and

urbanization have overcome efforts to reduce waste. (Silpaetal., 2018)

Also, waste management is a complex and cost-intensive process. The proposed
solutions, government support, and funding projects in this regard need to compete

with other priorities such as clean water, education, and health care.

At the same time, rapid industrialization and population growth also create an ever-
growing demand for energy. The shortage of power generation and reduction of
natural resources, as well as greenhouse gas emission due to the use of fossil fuels,
have prompted discussions regarding waste as an energy resource. 54% of the final

global energy is consumed in the industry sector. (Mutz et al, 2017)

One of the industries which consume a significant amount of natural resources and
energy is cement manufactures. “Considering increasing waste production on the one
hand and the resource demands of the cement process, on the other hand, cement
companies started in 1979 to look at waste as a source of raw material and energy.”

(World Business Council for Sustainable Development, 2015)

Algeria, as a middle-income country, with a 72% urbanisation, faces waste
management challenge. The rapid population growth led to an increase in waste
amount, at the same time, cause an increase in construction and high demand for
cement. In this regard, based on the Algerian Ministry of Environment initiative,
cement companies are considering implementing a system for WtE in their plant. In

this way, different alternative fuels could be used instead of natural gas.

The objective of this thesis is to evaluate two Waste-to-Energy (WtE) technologies,
co-processing, and incineration in a cement factory in Algeria. Also, the effects of
using different waste as alternative fuel instead of fossil fuel on the final energy

consumption are studied. The amount of reduced waste for each project is calculated.
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In this study, the different methods for producing cement are observed. According to
the production method and available technologies, the amount of energy consumed
in this industry is stated. Also, waste management has been introduced, and its
current situation in the cement industry is studied. The situation in Algeria related to
the cement industry and the waste problems are mentioned. Finally, three projects
have been proposed in order to reduce conventional fuel consumption and to reduce

the volume of waste.

2 Background Information

In this chapter, based on the national and international literature following point are

described:

e Cement industry and production method as well as energy consumption in
this sector

e Waste Management, available WtE technologies and use of WLE
technologies in cement industry

e Algeria's general country information, countries cement manufactures and
studied cement industry

e Affect of WIE in cement industries on Environment

2.1 Cement

The most used human-made material on the planet is cement, with nearly

450 kilograms of cement being consumed yearly per capita. (World Business

Council for Sustainable Development, 2015)

Although cement was known to the humankind some 2000 years ago, the industrial
production of cement started in the middle of the 19" century. The following figure

illustrates the different stages of the cement production process.
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Stage 1 Stage 2
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Cement grinding and
distribution

Raw material
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eClinker storing
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Figure 1 Production stages of cement in different methods (Source: own draw)

The most important raw materials for making cement are marl, which is a calcium
carbonate or lime-rich mud, and limestone. The main chemical composition of cement
and mineral components is shown in the following figure. Calcium oxide from
limestone, chalk, shells, shale, or calcareous rock is responsible for the strength of

the cement. (World Business Council for Sustainable Development, 2015)

$i0,

Ordinary
Portland
Cement

Clinker

CaO ALO,

Figure 2 Chemical composition of cement and mineral components (Source: (World Business Council
for Sustainable Development, 2015) )

Calcium oxide (CaO) plays an essential role in biologic response during the
mineralization process. If lime content is lower than the minimum, the required
strength of cement will reduce, and the mineralization process time will increase.

Silica, as a second essential ingredient, can be obtained from sand, argillaceous rock,
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etc. The sufficient quantity of silica helps for the formation of di-calcium and tri-calcium

silicates, which imparts strength to the cement. (Estrelaet al., 2012)

2.1.1 Production Methode

The cement manufacturing process has undergone many changes over the past
decades. There are four different methods of cement production, wet kiln method,
semi-wet kiln method, semi-dry kiln method, and dry kiln method. In 2007, 90% of
Europe's cement production was from dry process kilns, with a further 7.5% of output
accounted for by semi-dry and semi-wet process kilns, and the remainder of European

production, about 2.5%, from wet process kilns. (Institute for prospective

technological studies, 2013)

The choice of methods depends on the available technologies and also the state of

the raw materials. All mentioned methods have the following process in common:

e “‘raw materials—storage and preparation

e fuels—storage and preparation

e the kiln systems — kiln firing processes and emissions reduction techniques
e products—storage and preparation

e packaging and dispatch” (Institute for prospective technological studies,

2013)

The dry process can be explained in three stages:

Stage 1 (figure 3) is where the needed raw material such as calcium carbonate, silico,
alumina, and iron from limestone rock chalk and clay or shale is extracted. After

limestone crusher, the raw materials are mixed and grinded. (World Business

Council for Sustainable Development, 2015)

The resulting product is named raw meal and is usually contains more than 70%

CaCOs. The remaining compositions are SiO», Fe»0s3, Al.O3, K, and Cl.
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1 LIMESTONE EXCAVATION 2 LIMESTONE CRUSHING 3 RAW MATERIALS PROPORTIONING 4 RAW MEAL GRINDING

Figure 3 Stage 1 of cement production in dry method (Source: (World Business Council for Sustainable
Development, 2015) )

, Homogenizing
1 Silo of Raw

E Meal

'

'

Depending on the quality of the quarry, the composition of the raw material can vary.
Raw materials have to meet characteristics, chemical elements, and components that
are necessary for cement production. Average consumptions of raw materials for the

production of cement in the European Union (EU) can be seen in the following table:

Table 1 Average raw material consumption for cement and clinker production in the EU countries
(Source: (The European Cement Association, 2006) )

- . Per tonne Per tonne Per year
Materials (dry basis) clinker cement per Mt clinker
Limestone, clay, shale, marl, other 1.57t 1.27t 1568000t
Gypsum, anhydrite - 0.05t 61000 t
Mineral additions - 0.14 ¢ 172000 t

In the EU cement manufactures, 1.27 t materials such as limestone, clay, shale, and

marl, 0.05 t gypsum, and 0.14 t mineral additions are used to produce 1t cement. (

The European Cement Association, 2006)

In addition to the main components, these raw materials also contain some metals as

listed in the table below:
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Table 2 Metals content in raw materials and raw meal of cement production in the EU countries (Source:
(VDI-Richtlinien, 2003) )

St Clay and argillite Lm:;j':u:]:n‘ If'lrl Raw meal
mg/kg DS()

Antimony 5h No data available 1-3 <3
Arsenic As 13-23 02-20 1-20
Beryllium Be 2-4 0.05-2 0.1-235
Lead Pb 10-40 0.3-21 4-25
Cadmium Cd 0.02-0.3 0.04-0.7 41
Chromium Cr 20-109 1.2-21 1040
Cobalt Co 10-20 0.5-5 3-10
Copper Cu No data available 3-12 - 60
Mangancse Mn No data available =250 100 - 360
Nickel Mi 11-70 1.5-21 10 -35
Mercury Hg 0.02-0.15 <(01-0.13 0.01-0.5
Selenium Se Mo data available 110 < 10
Tellurium Te Mo data available <4 <4
Thallium Tl 0.7=1.6 0.05=-1.6 0.11=-3
Vanadium W GE-170 480 20-1402
Tin Sn Mo data available < 1-5 =< 10
Zinc Zn 59=115 10-40 20=-47
(") DS: dry substance,

As can be seen, Manganese (Mn) has the highest share in cement raw meal with 100-

360 mg/kg in dry substance.

(VDI-Richtlinien, 2003)

After the raw meal crushing and homogenizing, the raw meal is going through stage 2.

(figure 4)
Stage 1
8 CLINKER STORAGE 7 COOLING
1
' i EEEEE S R e EE R RS e R Bk l' o
o =4 =
[} 1 '
' i 1 " Coal
Clinker Silo ' i . ! '
’ Heat Recycled .
L} l
i pEm S Diesell
: . Alternative
[ Fuel
Clinker Cooler

i
Stage 3

Figure 4 Stage 2 of cement production in dry method (Source: (World Business Council for Sustainable
Development, 2015) )
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The raw meal has 3-5 % moisture content and needs to evaporate before entering
the kiln. Therefore, after stage 1, the raw meal is introduced at the inlet gas duct at
stage 2 (preheating). The gas temperature in the preheating section is between 300
°C to 900 °C. Typically the preheating section is consisting of 4-6 cyclones. The
temperature profile of the raw meal and gas in the cyclones is shown in figure 5. As
can be seen, the raw meal has a temperature of lower than 50 °C at entering to the
first cyclone. After being in direct touch with the hot flue gas and thermal energy

exchange, the temperature of the material increases to almost 850 °C. (Hidayat,

Stages
A, 315
1 50 Raw meal
509 Exhaustgas
31
2 —
660
50 ¥
3 I y/
785 T
66 l Iw\
4 —‘—L—;\ |
880 Y i

78

5 LG,
1000 =2 W
0 500 1000 Eﬂfz%%
5 =7
Temperature °C

Figure 5 Temperature profile of raw meal and exhaust gas in
cyclones (Source: (Hidayat, 2013) )

2013)

It is important to control the material temperatures during drying. Limestone
dissociates at approx. 800 °C, therefore, heating during the drying process, which
accurses before entering the last cyclone, should not cause any chemical changes in

the raw meal.

The decomposition of calcium carbonate (limestone) to calcium oxide (lime) reaction
is called calcination. The calcination is an endothermic reaction. Depending on kiln
and cyclones construction, calcination either is happening before raw material

entering the kiln or at the beginning of the kiln.

Kilns with preheater and precalciner have been available to the cement industry since
about 1970. In this technology, the thermal energy is introduced in two points, kiln

burning zone, known as the main burner, and combustion chamber between the
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preheater and the rotary kiln. Deu to the longer retention time of the hot meal in this
zone, 65% of the total fuel is used in the chamber. The raw meal is almost entirely

calcined when it enters the kiln (90% and higher calcination rate). (Institute for

prospective technological studies, 2013)

The following illustrations show the construction differences between kiln with and
without pre-calciner. Characteristic of each system is mentioned in table 3.

Calcining zone Transition and
Sintering zone

Kiln burner

Figure 6 Kiln system without pre-calciner (Source: (Hand, 2007) )


https://www.tuwien.at/bibliothek
https://www.tuwien.at/bibliothek

Die approbierte gedruckte Originalversion dieser Masterarbeit ist an der TU Wien Bibliothek verfligbar.

The approved original version of this thesis is available in print at TU Wien Bibliothek.

thele

(]
blio
nowledge

L]
|
rk

Combustion
Chamber

Kiln burner

A—

Calcining zone

Transition and
Sintering zone

Figure 7 Kiln system with pre-calciner and combustion chamber (Source: (Hand, 2007) )

Table 3 Kiln system characteristics (Source: (Hand, 2007) )

Kiln system Comments

Kiln system without pre- - Low pre-calcination rate of the hot meal (app. 40%)

calciner - High fuel used for sintering and calcination in the kiln
Kiln system with pre- - High pre-calcination rate of the hot meal (> 90%)
calciner and - Fuel energy in the calciner (up to 50 %) is used for pre-

combustion chamber calcination

- Fuel energy in the kiln is used for sintering process
- Shifting secondary fuels with low-quality properties to

the combustion chamber

The burning and calcination processes are essential in terms of emissions potential
and product quality and cost. In the burning zone, to convert the raw material mix into
a cement clinker, high process temperature is required. It is essential to maintain kiln
charge temperatures in the sintering zone of the rotary kilns at between 1400 °C and
1500 °C, and the flame temperature at about 2000 °C. It is essential to notify to keep
thermal losses in the kiln to a minimum; kilns are operated at the lowest reasonable
excess oxygen levels. It means a highly uniform and reliable fuel metering and fuel

presentation in a form allowing easy and complete combustion is required. All liquid
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and gaseous fuels fulfill these conditions. (Institute for prospective technological

studies, 2013)

Clinker as an end product of the kiln is cooled down within coolers and is stored in
silos. A large part of the produced clinker goes to the 3rd stage, and a small portion
would be sold. The most energy-intensive step in the cement industry is the clinker
production step.

The following figure shows the temperature profiles of gas and raw meal and retention
time in the different parts of the system at stage 2.

=
g’ g 8 3
88 8 =
i i 85 < |8 i Clinker
| ¢ £ Q w !
| Filter | 5 S| £ |8 Rotary kiln cooler
| )
A
2,000 '
1,800 Gas 7 \
temperature /
O 1600 \
£ 400
4
3 1.200-
g 1.000- :
g Solids
§ 800+ temperature
P so0-
400
200 3
J— — —
0
[ Gas retention time
in the system
A;:%rox. ‘F:i;':"-:‘ -4 Approx. 10 s Approx.1=2s
Gas s s ["Solids retention time |
— | in the system
A Approx. Approx. 30 - 40 min Approx. 30 min
Solids
—— 40-60s —(

Figure 8 Retention time and temperature of solids profiles and gas in a kiln with a preheater and calciner
zone. (Source: (VDI-Richtlinien, 2003) )

In the system, solids have the highest retention time in the rotary kiln, approximately
30-40 minutes. During this time, solids can reach a temperature of 1400 °C. On the
other hand, the maximum retention time of the gas is 10 seconds, and the highest

temperature, 2000 °C, is in the flaming zone. (VDI-Richtlinien, 2003)

At stage 3, gypsum and fly ash is added to the clinker produced in stage 2. After
crushing and grinding the materials together, the cement is stored, packed, and ready

for delivery. (figure 9)

10
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9 CEMENT PROPORTIONING & GRINDING 10 CEMENT STORAGE 10 PACKING 11 DELIVERY

Gypsum  Fly Ash

Cement
Bags Trucks

OPC Bulk
Tanker

——————————————

Bulk Boogie

Cement Silo Loading % Container (BBC)

Figure 9 Stage 3 of cement production in dry method (Source: (World Business Council for Sustainable
Development, 2015) )

The wet process is typically preferred whenever the raw material has a moisture
content of more than 20% by weight. The clay, while crushing, will be mixed with water
and is with limestone and other needed ingredient mixed into a slurry with high
concentration. To decrease kiln fuel consumption, during raw material grinding water
addition is controlled so that the amount used is the minimum necessary to achieve
the required slurry flow and pumpability characteristics (32% to 40% water). Wet

processes are more energy-consuming and, thus, more expensive (chapter 2.1.2). (

Institute for prospective technological studies, 2013) (Bishop, 2016)

i Electrostatic|

Precipitators{

Clay
Dust

retums
fo process
—

Pulver ized
coal

Rotary kiln

»

R - Y | | Y | Hoppers

Ball mil
Burning
zone e
Cold Clinker cooler

air

Figure 10 Cement production process steps by wet method (Source: (Bishop, 2016) )

11
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In the semi-wet method, materials coming out from the mill is like slurry material and
filtered before entering the kiln by pressing and feed the kiln in a cube shape.
Factories using semi-dry processes are likely to change to dry method whenever
development or significant improvement is required. Plants using wet or semi-wet
methods usually only have access to moist raw materials, as is the situation in

Denmark and Belgium. (Institute for prospective technological studies, 2013)

2.1.2 Energy Share in Cement Production

The primary energy required by cement production is the thermal and electrical form
of energy. The following figure shows the development of total thermal and electrical
energy use in Austrian cement plants (2012 to 2017). As can be seen, almost 85% of
the used energy in cement production is the thermal form of energy. Due to the
production increase in the year 2016, a 5% increase in thermal energy consumption
is visible. (Mauschitz, 2017)
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Figure 11 Total energy consumption in Austrian cement plants(2012-2017) (Source: (Mauschitz, 2017
)

Different parameters such as size and plant design (three to six cyclone stages,
calciner, compound operation of the mill, type of clinker cooler and length to diameter
ratio of the kiln), the throughput of the kiln, raw material properties such as burnability,
moisture content of raw materials and fuels, the specific calorific value of the fuels,

homogenizing and precise metering of kiln feed material and fuels, type of clinker,

12
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optimization of process control including flame cooling, and bypass rate can influence

the specific energy consumption. (Institute for prospective technological studies,

2013)

2.1.2.1  Thermal Energy

In the production process, thermal energy is mainly used for drying, heating, and
burning process in cyclons and kiln. The amount depends mostly on the moisture
content of the raw material. The table below shows the enthalpy required in the

cyclone for drying the raw material based on the moisture content. (Kleinet al.,

2006)

The higher the raw material moisture content and fewer cyclones number, the amount

of enthalpy which is needed to dry the raw material is higher. ( (European

Commission, 2003)

Table 4 Needed thermal energy based on the moister content in raw material and number of cyclone
stages (Source: (Kleinet al., 2006) )

Raw material moisture

Characteristics Unit (%o w/w)
3 6 9 12
Number of cyclone stages - 6 3 4 3
Enthalpy required for drying | MIt jinger | 150 | 290 | 440 | 599

Also, the required thermal energy for the burning process in the kiln varies based on
the kiln system, process method, and size. The European Commission, the Joint
Research Centre, and Institute for prospective technological studies, in the year 2013,
published a report on the best available techniques (BAT) reference document
(BREF) for the production of cement. Specific thermal energy demand for different
processes and systems is one of the results of this report (table 5). The energy
consumption of plants using the dry method, with multistage cyclone preheaters and
pre-calcining kilns, starts at about 3000 MJ/teinker and can reach more than 3800
MJ/tainker (@NNual average). The wide variations in specific thermal energy demand are
due to shutdowns and start-ups of the systems and also because of different raw
material properties. The wet process has a higher thermal energy demand in
comparison to the dry process. This difference is because of the high evaporation rate

in the wet process (wet kiln feed typically contains 32% to 40% water).

13
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Table 5 Specific thermal energy demand based on the different cement production process (Source: (
Institute for prospective technological studies, 2013)  (The European Cement Association, 2015)
(The European Cement Association, 2001) )

Specific thermal energy demand
(MJ/tonne clinker)

3000-<4000

Process

For the dry process, multistage (three to six stages)
cyclone preheaters and precaleining kilns
For the dry process rotary kilns equipped with cyclone

3100-4200
preheaters
3300-5400 For the semi-dry/semi-wet processes (Lepol kiln)
up to 5000 For the dry process long kilns
5000-6400 For the wet process long kilns
3100-6500

For shaft kilns and for the production of special cements

and higher

The thermal energy use in the cement industry in the EU-27 in 2004 is shown in
figure 12. These amounts are without any distinction made between the different

processes and fuels used. (The European Cement Association, 2006)

2004 Fuel energy use (MJ/tonne clinker)

160
140
120
100
80
60
40
20 —
0 | I | | —

I I I I
k 3100 3100-3300 3300- 3500 3500-4000 4000-4500 4500-5000 > 5000

Number of plants

Figure 12 Total fuel energy use in the cement industry in EU-27 in the year 2004 (Source: (The
European Cement Association, 2006) )

Almost 38% of the EU cement plants have a specific energy consumption between
3300-3500 MJ/teinkerand 75% a consumption between 3300-4000 MJ/teinker-

Based on the United Nations Industrial Development Organization (UNIDO) report

done for Egyptian cement sectors from 2014 “Benchmarking Report for the Cement

Sector” about 96% of the total energy consumption is used for producing clinker in

the kilns and almost 40-50% of total production costs are due to primary energy costs.
(UNIDO, 2014)

2.1.2.2  Electrical Energy
Electrical energy is used in the mills (finish grinding and raw grinding) and the exhaust

fans. The electricity demand varies from 90 to 150 kWh/tcement. Also, by electrical

14
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energy, the wet process consumes more than the dry process. (The European

Cement Association, 2006)

Different grinding techniques and the nature of the raw materials and products affect
the amount of electricity demand. The following table, also provided by BREF, shows

a comparison of grinding techniques based on essential characteristics. (Institute for

prospective technological studies, 2013) (VDI-Richtlinien, 2003)

Table 6 Comparison of grinding techniques based on critical characteristics (Source: (Institute for
prospective technological studies, 2013)  (VDI-Richtlinien, 2003) )

Grinding Energy Maintenance Drying Suitability for grinding
process consumption | requirements | capacity to great fineness
Ball mill 100% Minor Average Good
Gutbett roller mill 65 to 50% Minor to major Low(") Average
Vertical roller muill 75 10 70 % Average High Average
M Drying in classifier

Although the ball mill has an average drying capacity in comparison to gutbett roller
and vertical roller mills, it is the better option due to minor maintenance requirements

and better fineness material output.

2.2 Waste Management

Disposing of waste has huge environmental impacts. According to the World Bank
report, the average global MSW generation per person on a daily basis is about 1.2

kg, and the figure is expected to rise to 1.5 kg by 2025. (Silpaet al., 2018)

Waste management refers to the collection, transportation, disposal or recycling, and
monitoring of waste. Many countries aim to develop their national integrated waste
management strategy based on the 3Rs concept in the order of “Reduce, Reuse and

Recycle”:

1. Reducing: priority in waste management must be an overall reduction of solid
waste quantities, for example, packaging, unnecessary waste of raw
materials, food waste, and energy during production processes. Reducing
waste also reduces the cost of waste collection and treatment.

2. Re-using: Second priority should be given to the reuse of materials, i.e., a
discarded product is cleaned and repaired to be used again.

3. Recycling: The third priority in the 3Rs concept is to recycle materials, i.e., to

collect waste and to transform it into a secondary raw material. Recycling, e.g.,

15


https://www.tuwien.at/bibliothek
https://www.tuwien.at/bibliothek

Die approbierte gedruckte Originalversion dieser Masterarbeit ist an der TU Wien Bibliothek verfiigbar.

The approved original version of this thesis is available in print at TU Wien Bibliothek.

Y 3ibliothek,
Your knowledge hu

plastic or paper, can generally save more energy in the production of products
than the energy that can be produced in the WLE project from these materials.

Also, a known tool that helps the countries to evaluate their actions toward waste
management is using the Waste Hierarchy. The Waste Hierarchy sets out a hierarchy

of selections for managing waste in terms of what is best for the environment.

Prevention / Reduction

Beneficial
material

and ener : -

gy at .

100% material recovery
e
disposal
Landfilling

Figure 13 Waste Hierarchy (Source:  (World Business Council for Sustainable Development, 2015) )

The evaluation of the Waste Hierarchy is based on the material and energy recovery
rate. Reducing and reusing are the most beneficial actions in this path. Value is giving
to the material recovery and after that energy recovery. Respecting the waste
hierarchy means that energy is recovered from waste after secondary materials have
been removed for recycling. With each treatment step, useful content that can be
recycled and reused will decrease. Rest content either only the energy can be

recovered or energy and a little amount of material. (World Business Council for

Sustainable Development, 2015) (Georgiopoulouet al., 2018)

Through different pre-treatment processes and separating the recycling materials,
waste can be transformed into so-called refuse-derived fuel (RDF), in which the
energy can be recovered alongside content. The following figure illustrates the

generic process flow of the pre-treatment process of waste:

16


https://www.tuwien.at/bibliothek
https://www.tuwien.at/bibliothek

Die approbierte gedruckte Originalversion dieser Masterarbeit ist an der TU Wien Bibliothek verfiigbar.

The approved original version of this thesis is available in print at TU Wien Bibliothek.

thele

(]
blio
nowledge

L]
|
rk

Solid Waste Removal of Homo- Biological
bulky parts genization Drying
Large Recycling Water 0, Sand | Recycling
Stones etc. | Materials Materials

Figure 14 Pre-treatment process for MSW (Source: (European Commission, 2003) )

2.2.1 Waste to Energy (WtE)

“WLE refers to a family of technologies that treat waste to recover energy in the form
of heat, electricity, or alternative fuels such as biogas.” (Mutz et al. 2017:6)

There are different technologies and systems to produce energy from waste. Different
WIE techniques at the municipal scale are used: incineration, co-processing, landfill
gas, anaerobic digestion, and pyrolysis/gasification. These technologies are
differentiated from their functions and application and also need to be analysed based
on which one fits which waste stream best and the ecological, legal, and financial
implications.

Table 7 Different WtE technologies (Source: (Technical guidelines on the environmentally sound co

processing of hazardous wastes in cement kilns, 2011) , (Institute for prospective technological
studies, 2013) , (American Biogas Council, 2017) )

Technology Definition
Incineration The thermal treatment of waste for the purpose of disposal.
Co-processing “refers to the use of waste materials as alternative fuels or

raw material (AFR) to recover energy or resource, which will

reduce the use of conventional fuels or raw materials.”

Landfill gas Using the methane as a natural byproduct of the

decomposition of organic material in landfills.

Anaerobic digestion | Producing biogas from waste with the help of

microorganisms in biological processes.

Pyrolysis/gasification | Producing syngas from waste with heating biomass or

waste.

The amount of energy that can be recovered from the waste depends on the calorific
values (or energy value or heating value). The calorific value indicates the amount of
heat or energy that is released when a substance is burned. The calorific values of
wastes vary widely, from 3 to 40 MJ/kg. The conventional fuels have calorific values

(average, net) of 26 —30 MJ/Kkg for typical coal, 40 —42 MJ/kg for typical fuel oil while

17
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plastic material has a calorific value of up to 40 MJ/kg and solid waste can have a
calorific value of 8.5 MJ/kg. Waste fuels with adequate calorific values can substitute

fossil fuels and allow fossil fuel savings. (Williams, 2005)

In table 8, examples of typical calorific values of different waste materials can be seen.

Table 8 Typical calorific values of different waste materials (Source: (Institute for prospective
technological studies, 2013)  (Mauschitz, 2017) )

Examples of types of waste fuels Examples of calorific values

(hazardous and non-hazardous) (MJ/kg)
Wood Approx. 16
Paper, cardboard 3-16
Textiles up to 40
Plastics 17-40
Processed fractions (RDF) 14-25
Rubber/tyres approx. 26
Industrial sludge g—14
Municipal sewage sludge 12—-16
Animal meal, fats 14—18,27-32
Animal meal (carcase meal) 14-21.5
Coal/carbon waste 20-30
Agricultural waste 12—-16
Solid waste (impregnated sawdust) 14-28
Solvents and related waste 20-36
0il and oily waste 25-36
Oil-shale based fuel mix (85—-902% oil-shale) 9.5
Sewage sludge (moisture content > 10%) 3-8
Sewage sludge (moisture content < 10 to 0%) g—13

Calorific values of plastic and oil wastes can reach up to 35 MJ/kg.

2.2.2 Waste to Energy in Cement Industry

2.2.2.1 General Information

One of the industries which consume a significant amount of natural resources and
energy is cement manufactures (Chapter 2.1.2); therefore, countries are interested in
using WtE technologies in cement factories. Worldwide in cement industries, co-
processing is applied. The co-processing of wastes in a cement kiln characterized as
a mix of recycling and thermal recovery in the Waste Hierarchy evaluation. In co-
processing, the energy content of the waste is recovered into thermal energy and
save conventional fuel. At the same time, the mineral part of the waste is reused
during and replaces the needed raw materials. Therefore, in the waste hierarchy, co-

processing has a position just below recycling and is more beneficial than incineration

18
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with only energy recovery. (World Business Council for Sustainable Development,

2015)

In some cases, waste incineration is also used in cement factories. Waste incineration
means burning of waste in a controlled process within a specific facility and
transferring the produced thermal energy to another process that needs it. Usually,
there are about 25% residues from incineration in the form of fly ash bottom ash.
During combustion, bottom ash is made up of fine particulates that fall to the bottom
of the incinerator, while fly ash refers to fine particulates in exhaust gases, which
needed to be removed in the flue gas treatment process. These residues need further
attention and, in the case of the hazardous fly ash, a secure place for final disposal.

(Deutsche Gesellschatft firr Internationale Zusammenarbeit (G1Z), 2017)

Up to 80% of the thermal substitution rate of traditional fuels by waste can be reached
in the European cement industry, while the average substitution rate across the EU

amounts to about 39%. (The European Cement Association, 2015)

In 2006, a cement plant in Germany achieved waste substitution rates of more than
80 %; and alternative fuel can cover up to 100 % of the energy consumption. At a dry
process kiln system, which consists of a rotary kiln with a four-stage, two string

preheater, and planetary cooler, waste fuels have been used for many years. (

Institute for prospective technological studies, 2013)

The substitute fuel energy share in the thermal energy input by Austrian cement plant
can be seen in the following figure. In five years, the country replaced 12% of its

conventional fuel consumption with alternative fuels. (Mauschitz, 2017)
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Figure 15 Substitute fuel energy share in the thermal energy input in cement factories between 2012-
2017 (Austria) (Source: (Mauschitz, 2017) )

As a basic rule, wastes accepted as Alternative Fuels and Resources (AFR) must

give an added value for the cement kiln:

o calorific value from the organic part

¢ material value from the mineral part.

The quality of inputs determines the quality of outputs. Therefore, attention must be
paid to the selection of fuels and raw materials, whether they come from primary or
secondary sources. The following figure gives an overview of the acceptance of waste

as AFR in cement factories. (Deutsche Gesellschaft fur Internationale

Zusammenarbeit (G1Z), 2017)
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Does the waste or method comply with the
company's policy?

Yes

'

GCV* of total waste > 8 MJ/kg , and raw
materials** = 0%?

No

{

Ash > 50% and raw materials in ash
>80%?

Mo

{

Raw materials in ash > 0% and GCV of the e ot Energy & Material
rest >8 MJ/kg? ’ Recovery

Mo

{

Resolution of local waste management
problem?

"

*GCV Gross Calorific Value
Refuse #Raw Materials Ca0, SO2, Al203, Fe203, SO3

NO——— Refuse

Yes— g Accept Energy Recovery

AT M—— Accept Material Recovery

AFR

Yes— g Accept Waste disposal

Figure 16 Waste acceptance as AFR flowchart for cement factories (Source: Adopted from (Deutsche
Gesellschaft fir Internationale Zusammenarbeit (GIZ), 2017) )

As can be seen, the calorific value and material value are the criteria for accepting
waste as AFR. Also, in some points, not only energy or only material can be

recovered, but both can be recovered as well.

There are two main composition of waste fuel, which can be used in cement kiln as
fuel and/or raw material, liquid, or solid. Liquid fuel pulverised solid fuel and lump solid
fuel can be used in both rotary kilns with and without preheater. Types of waste fuels

used in different European countries are shown in table 9.
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Table 9 Types of waste fuels used in European countries (Source: (German National Working group
and German lime industry, 2006) (European Lime Association (Eu LA), 2006) )

Country Types of waste fuels
- Liquid | Solid-pulverised | Solid-lump

Czech Republic = =
Denmark e

Finland =

France % 2 =
Germany X = =
Sweden 2 =
United Kingdom =

To ensure the proper conditions for the burning process (incineration and co-
processing) and avoid any effect on the clinker quality, special attention must be paid
to the characteristics of the waste. To decide which type of waste can be used, the

following aspects need to be considered:

e Type of waste and calorific value

e Physical and chemical composition
e Ash formation and chloride content
e Necessary pre-treatment

e Quantities

Lime, alumina, silica, and iron, as well as to alkalis and sulphur, contained in waste,
are desired chemical elements in clinker making process. The wastes used as raw
materials are introduced to the calciner or the clinker burning process via the raw meal
path or the kiln inlet and/or the calciner. It is important to consider the following

necessity in the selection of the waste as raw material:

¢ ‘“low volatile heavy metal concentration, i.e., mercury, thallium and other types
of metals

¢ the waste consists primarily of the clinker components

e regular monitoring of inputs, e.g., used waste materials by sampling and

analysis.” (Institute for prospective technological studies, 2013)

The type of waste frequently used as raw materials in the European cement industries
are fly ash, silica fume, iron slag, blast furnace slag, paper sludge, pyrite ash, spent
foundry sand, soil containing oil and artificial gypsum (from flue-gas desulphurization

and phosphoric acid production). (The European Cement Association, 2001)
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A summary of wastes used as raw materials classified into different groups according

to their chemical composition is shown in the following table.

Table 10 Raw material classification (Source: (The European Cement Association, 2006) )

Raw material group

Examples of wastes used as raw materials

Ca group

Industrial lime (waste limestone)
Lime slurries

Carbide sludge

Sludge from drinking water treatment

Si group

Spent foundry sand
Sand

Fe group

Blast furnace and converter slag
Pyrite ash

Synthetic hematite

Red mud

Al group

Industrial sludge

Si-Al-Ca group

Fly ash

Slags
Crusher fines
Soil

S group

Industrial gypsum

F group

CaFg
Filter sludge

The figure below shows the consumption of different hazardous and non-hazardous

wastes used as fuels for firing in EU-27 cement kilns. A 13% increase by using non-

hazardous waste in cement kilns in one year can be seen. Rubbers and tyers have

the highest using share after the animal meal and fats as AF in cement industries,

followed by RDF.
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Figure 17 Consumptions share of different hazardous and non-hazardous wastes used as fuels for firing
in EU-27 (2003-2004) (Source: (The European Cement Association, 2006) )

Furthermore, some essential process characteristics are needed to be considered by

integrating the WtE technology in cement manufactures. Such as:

¢ Flame temperatures need to be approx. 2000 °C in the kiln.

e Material temperatures need to be 1450 °C in the sintering zone of the kiln.

e Gas retention times at temperatures above 1200 °C in the kiln is 8 seconds.

e Gas retention time in the secondary firing system at temperatures of 850 °C
and higher is 2 seconds.

¢ In the precalciner, the retention times are longer, and also, temperatures are
higher.

¢ In the secondary firing system (the calciner), the solids have temperatures of
850 °C.

¢ High retention capacity for particle-bound heavy metals is needed.

¢ Simultaneous material recycling due to complete utilisation of fuel ashes as

clinker components and energy recovery. (VDI-Richtlinien, 2003) (
European Commission, 2017) (Institute for prospective technological

studies, 2013)
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Waste materials can not be introduced to the process without considering the waste
art, process method, and its effect on system efficiency. The following guidelines give
the manufactures a better understanding of the feeding point based on waste art.
These guidelines are from a published report by the World Business Council for
Sustainable Development and are based on the best on the result of 24-leading

cement producers, which account for almost 30% of the world’s cement production :

o “Alternative fuels with highly stable molecules, such as highly chlorinated
organic compounds, should be introduced at the main burner to ensure
complete combustion due to the high combustion temperature and the long
retention time available at this location. Other feed points may be appropriate
only after test results prove high destruction and removal efficiency rates.

e Alternative raw materials with volatile organic components (over 5,000 mg/kg)
should not be introduced with other raw materials in the process unless tests
have shown that undesired emissions at the stack do not occur.

¢ Mineral inorganic wastes free of organic compounds can be added to the raw

meal or raw slurry preparation system or blended with the clinker.” (World

Business Council for Sustainable Development, 2015)

2.2.2.2 Type of the Waste
This chapter aims to highlight the main characteristic of three kinds of waste and their

quality, which need to be considered before using them as AFR in a cement factory.

2.2.2.2.1  Municipality Solid Waste (MSW)

In the clinker burning process, not every combustible solid waste is suitable as an
alternative fuel. Solid waste can be a homogenous or inhomogeneous mixture of very
diverse origins and components. Depending on the requirements of the cement
industry, and on the source and type of the waste, preparation and pre-treatment

techniques, and WtE technology varies. (Deutsche Gesellschaft fur Internationale

Zusammenarbeit (GIZ), 2017)
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Incineration Co-processing

Overview of MSW material flow and its different utilization and treatment options (Source: own draw
adopted from (Deutsche Gesellschaft fir Internationale Zusammenarbeit (GlZ), 2017) )

Following component can be found in municipality solid waste:

e combustible fractions, such as wood residues, plastics, cardboard, rubber,
and paper

e varying amounts of inert materials having organic fractions, e.g., ceramics,
sand, stone, ferrous/non-ferrous metals, and wet organic materials

¢ hazardous fractions, for example, tar, resins, impregnated sawdust, or non-

hazardous materials (Institute for prospective technological studies, 2013)
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Figure 18 Quantity and quality of the MWS in different countries (Source: (Deutsche Gesellschaft fir
Internationale Zusammenarbeit (GlZ), 2017))

As can be seen from figure 18, each country’s waste composition is different;
therefore, the uncertainties in terms of quantity and quality of the MWS have to be

carefully considered when planning WtE solutions. (Deutsche Gesellschaft fiir

Internationale Zusammenarbeit (G1Z), 2017)

Based on the report done by the European Commission on best practice and
perspective, for economically sound operation a calorific value of RDF of about 10 -

15 MJ/kg is desirable. (European Commission, 2003)

2.2.2.2.2 Plastic

Plastic waste is easier to handle than MSW and has higher heating values, ranging
from 17 — 40 GJ/t (3.500 to 6.100 kcal/kg) depending on the exact composition and
the moisture content. The main problem with plastic is the formation of substances
like dioxins and furans that are harmful to human health. The formation of these
substances will depend on the waste composition and the combustion temperatures.

(Institute for prospective technological studies, 2013)

Similar to RDF, plastics can be used in different parts of the process, depending on
the heating value and the particle size. Plastics like PVC will increase loads of chlorine
in the process, which might affect the clinker quality. Thus, it is necessary to minimize

the presence of PVC in the plastic fraction. (The European Cement Association,

2006)
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2.2.2.2.3 Waste Oil

Waste oil has a high calorific value; therefore, it is possible to achieve great rates of
fuel replacement. Additionally, waste oil is easy to storage and handle, which makes
it an attractive option. Liquid fuel can be hazardous and need to be considered by
handling. It is important to avoid waste oils coming from transformers or electricity

distribution stations due to health effects and toxicity. (Institute for prospective

technological studies, 2013)

Once oils are collected from different sources, they should be blended to obtain a

homogenize composition. The oil comes from sources such as:

e Wastes resulting from exploration, quarrying, mining and physical and
chemical treatment of minerals

e Wastes from the fur, leather and textile industries

e Wastes from natural gas purification, petroleum refining and pyrolytic
treatment of coal

e Wastes from physical and shaping and mechanical surface treatment of
plastics and metals

¢ Oil wastes

2.2.2.3  Feed Points and Pre-Treatments
Waste fuels and raw materials must be introduced at the correct points in the process.
The different part of the process has a different temperature; thus, feeding waste must

be inadequate proportions and with proper quality control.

Different feed points can be used to insert waste as fuel/raw-material into the cement

production process. The most common ones are:

¢ through the main burner at the rotary kiln outlet end

¢ through a feed chute at the transition chamber at the rotary kiln inlet end (for
lump fuel)

¢ through secondary burners to the riser duct

¢ through precalciner burners to the precalciner

¢ through a feed chute to the precalciner (for lump fuel)

e through a mid-kiln valve in the case of long wet and dry kilns (for lump fuel) (

Deutsche Gesellschatft fiir Internationale Zusammenarbeit (G1Z), 2017)
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Figure 19 Kiln and cyclones structure (Source: adopted (Durag Group, 2019) )

2.2.2.3.1 The Pre-Combustion Chamber

MSW can be feed to the kiln via the pre-combustion chamber. But it needs pre-
treatment. The first step of the pre-treatment consists of sorting the waste to separate
the organic fraction and the recyclable fraction (metals and glass). The combustible
fraction will be then sent to a shredding line in order to obtain a patrticle size between
100 to 200 mm. Its calorific value, also known as Low Heat Value (LHV), is
approximately 10 — 15 GJ/t (2300 — 3500 kcal/kg), depending on the exact
composition, and the moisture content should be around 20 — 40%. The following
figure illustrates a simplified process step of MWS pre-treatment for incineration in

pre-combustion chamber.

MSwW

__S ting li Non-burnable — Organic fraction
orting line i
fraction - Recyclable fraction
l Metals
al
Burnable -

fraction

[LSeding] — _1oF
l_Y_I

100-200 mm
Pre-combustion

chamber
LHV 10-15 Gl/t

Figure 20 MSW pre treatment for for incineration in pre-combustion chamber (Source:
Own draw adopted (International Finance Corporation, 2017) )
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The non-burnable fraction is usually composed of organic material, metal, and glass.
The organic fraction has to be sent back to landfill (or treated), and the recyclable

fraction can be sent to recycling facilities if available in Algeria.

The pre-treatment of plastic should start with a sorting step in which PVC is separated
from this fraction (optic separation). Depending on the source, other products like
metals or glass can be mixed with the plastic fraction and have to be removed from
it. After sorting, the plastic fraction can be shredded to a size of 100 — 200 mm and
fed into the pre-combustion chamber. In this case, it is recommended that the heat
value of the plastic fraction is between 10 — 15 GJ/t (2300 — 3500 kcal/kg).

Plastic

l

Sorting line | —— PVC, metals, glass

l

1. Shredding | —  Plastic

100-200 mm

Pre-combustion
chamber

Figure 21 Plastic pre-treatment for incineration in the pre-combustion chamber (Source: Own draw
adopted (International Finance Corporation, 2017) )

Waste oil also can be introduced to the system via the pre-combustion chamber;

however, due to the high level of calorific value is not favourable.

2.2.2.3.2 Calciner Feed Point

After a sorting step similar to the pre-combustion chamber, the combustible fraction
will be then sent to a two-step shredding line in order to obtain a particle size between
50 to 80 mm. The burnable fraction can represent 25-35% of the original MSW
guantities, and its calorific value is approximately 15 — 20 GJ/t (3500 — 4700 kcal/kg),

depending on the exact composition. Moisture content is around 15 — 25%.
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Figure 22 MSW pre-treatment for incineration and co-processing in calciner (Source: Own draw adopted
(International Finance Corporation, 2017) )

The particle size of plastic should be between 50 — 80 mm, therefore a second

shredding step is needed. Also, here, the heat value of the plastic fraction is required
to be between 15 — 20 GJ/t (3500 — 4700 kcal/kg).

Plastic

l

Sorting line

|

100-200 mm

2. Shredding

50-80 mm

l

Plastic

Calciner

—— PVC, metals, glass

1. Shredding | ——  Plastic

Pre-combustion
chamber

Figure 23 Plastic pre-treatment for incineration and co-processing in calciner (Source: Own draw
adopted (International Finance Corporation, 2017) )
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Kiln Main Burner Feed Point

Wastes, which are fed via the main burner, at high temperatures of up to 2000 °C, will
be decomposed in the primary burning zone. Multi-channel burners are designed for

the use of different types of fuels, including waste fuels. (Institute for prospective

technological studies, 2013)

To feed the MSW through the main burner, different treatment steps are needed to
be done. The first part of the pre-treatment for obtaining this RDF quality is the same
as for the pre-combustion chamber and calciner quality. After shredding the waste to
a particle size of 50 — 80 mm, the burnable fraction is dried to reduce the moisture
content by up to 15%. Finally, it will be shredded again to a particle size of 20 — 35 mm.
The calorific value will be between 20 - 25 GJ/t (4700 and 5900 kcal/kg) depending
on the exact composition. Chloride content must be less than 1% in order not to affect

the clinker quality.

MSW

l __—~ Organic fraction

Sorting line | — No?r-abcliirgsble ~
Recyclable fraction

1 - Metals

Glass
Burnable

fraction

[Lvesing] — _sor
\_T_}

100-200 mm

Pre-combustion
chamber
LHV 10-13 GJ/t
2. Shredding
50-80 mm

ROF — | Drying | —|3.shredding|— RDF

20-35 mm

Calciner Main burner
LHV 13-15 GJ/t Chloride < 1%

LHV > 30GJ/t

Figure 24 MSW pre-treatment for co-processing in the main burner (Source: Own draw adopted (
International Finance Corporation, 2017) )

If plastic is injected directly in the main burner, a third shredding step is necessary to
obtain particles of less than 20 mm. It is important to check that plastic waste contains
less than 1% chloride and that the heating value is approximately 30 GJ/t in order not
to affect the clinker quality. Depending on the source of the plastic, drying might not

be needed.
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Sorting line | —— PVC, metals, glass

—» Plastic
\_Y_;

100-200 mm
l Pre-combustion
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2. Shredding

50-80 mm

Plastic —>E Drying 1 — | 3. Shredding |[— Plastic

<20 mm

Calciner .
Main burner

Chloride < 1%
LHV > 30 GJ/t

Figure 25 Plastic pre-treatment for co-processing in the main burner (Source: Own draw adopted (
International Finance Corporation, 2017) )

Non-hazardous liquid fuel due to high calorific value can be introduced to the main
burner after only the blending and water separation process. Liquid fuel should be

blended to obtain a homogenize compaosition.

Used oils
l Greases (up to 30%)
Water . .
Blending —_— . —— OQil fraction
separation
Main burner

Figure 26 Waste pre-treatment for co-processing in the main burner (Source: Own draw adopted (
International Finance Corporation, 2017) )

2.3 Algeria

In 2019 an initiative of the Algerian Ministry of Environment urged cement
manufacturers to implement WtE technology in their plants. Also, the Ministry’s focus
is on burning municipal waste. The primary goal of WtE is to reduce MSW volume
and mass and also to reduce fossil fuel consumption. Based on the best practice in

EU countries. Also, waste oil and plastics as alternative fuels in this work are studied.

2.3.1 General Country Information

Algeria is a country in Northern Africa, bordered by the Mediterranean Seato the
north, Tunisia, and Libyato the east, Nigerto the southeast, Malito the

southwest, and Morocco to the Northwest. The capital and largest city is Algiers. The
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country lies between latitudes 19° and 37° N, and longitudes 9° W and 12° E.
Spanning 2,381,741 km2, it is the 10th-largest country in the world. (Federal

Research Division Library of Congress, 1993)

Portugal Spain

Gibraltar

» = .»?~. - ?I ng

Figure 27 Algeria geographical location (Source: google map 2019,
www.google.com/maps/place/Algeria)

The population is estimated at 42 million in 2018, increasing at an annual rate of 1.67
percent and expected to reach 48.8 million by 2030. The urban population since 1990

to 2018 has an increase of 21.2 percent. (Worldometers.info, 2019)

Algeria’s economy is dominated by the hydrocarbon reserves, which has usually
provided about 95% of foreign exchange earnings. Also, roughly 30% of GDP, 60%

of budget revenues is from hydrocarbons. (The United States Central Intelligence

Agency, 2019)

Based on the World Bank country report, at the moment, there are no recent poverty
estimates for the country. Official poverty rates from 2010/11 show that 5.5 percent of

the population was considered poor.
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The final energy consumption in Algeria in 2014 added up to 1,328 kg of oil equivalent

per capital. In just four years, energy consumption has grown by more than 15%. (

The World Bank, 2014)

Thousand LABEL

Figure 28 Algeria’s energy use (kg of oil equivalent per capita) (Source: (International Energy Agency
, 2019) )

The breakdown of final consumption by sector in the country is shown in figure 29.
The residential sector dominates the highest consumption (43%), followed by

transport (33%) and industry (22%). (L’Agence Nationale pour la Promotion et la

Rationalisation de I'Utilisation de I'Energie, 2017)

! The energy use per average person per country is shown. The measure is the kg of oil
equivalent (kgoe), a normalised unit of energy. It is the equivalent to the approximate amount
of energy that can be extracted from one kilogram of crude oil (41868 kilojoules).
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Figure 29 Final energy consumption of Algeria by sectors (source L’Agence Nationale pour la Promotion

et la Rationalisation de I'Utilisation de I'Energie)

Based on the information on International Energy Agency database, 25% of the final

gas consumption in the country is consumed by the industry sector. In 2017, the

industry sector consumed 181,131 TJ gas. (International Energy Agency, 2019)
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Figure 30 Natural gas final consumption by sector, Algeria 1990-2017 [TJ] (Source:
Energy Agency, 2019) )

(International
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According to the information provided by the manufacturer, the natural gas and
electricity tariffs in Algeria in 2019 are presented in Table 11. In comparison, electricity
in Algeria costs is a fifth of the Austrian tariff and tenth of Germany. Gas cost is only

7% of gas cost in Austria.

Table 11: Energy tariffs (Source: company manager)

Energy tariffs
Natural gas 3,333 Dinar/m? 0,025 €/m?
Electricity 3,543 Dinar/kWh 0,027 €/kWh

2.3.2  Waste in Algeria

Algeria produces 10.5 million tonnes of household waste including more than 7 million
tonnes is municipal waste annually. Because of urbanization and population growth,
this number is increasing yearly. This growth is a challenge for the Algerian
government to invest in waste management and move away from mostly landfill
scenarios. Also, the waste products in Algeria in the month of Ramadan are 30%
higher than the other months. (Tebboucheet al., 2017S.98-110)

According to the National Waste Agency, 62% of waste collected annually in Algeria
are organic materials. The remains are of paper and cardboard (9%), plastics (12%),
glass (1%), metals (2%) and others (14%).

At the moment, no waste management is available, and due to the low price of

conventional fuels, using waste as AFR is not attractive.

2.3.3  Cement Industry in Algeria

The current number of cement plants in the country (public and private) is seventeen
(17), with a total capacity of 25 million tonnes. According to forecasts done by DEPD
(Direction des Etudes et de la Prospective des Douanes), in 2020, the country's
production capacity should increase to 40.6 million tons with 20 million tons for the
Industrial Group of Cement (GICA), and 11.1 million tons for the individual Lafarge

Holcim Algeria, as well as 9.5 million tonnes for the rest of the private operators. (

Algérie Presse Service, 2019)

At the end of October 2016, the Industrial Group of Cement (GICA) reached a
production of 10,175,315 tonnes of cement compared to 9,807,102 tons of cement

during the same period of 2015, has a growth of 4%. (L’Agence Nationale pour la

Promotion et la Rationalisation de I'Utilisation de 'Energie, 2017)
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2.3.4 Site Characteristic

The targeted cement manufacture, Zahana, is one of the cement industries of the
GICA group and was established in 1948 and is producing grey cement. There are
two different clinker production lines, wet and dry. The company is at constructing a
new dry line with a higher production capacity. Three hundred thirty days of the year,
the plant is producing clinker and cement. The maintenance period is done in the
winter and lasts for 20-30 days.

Figure 31 Cement plant (Source: (Groupe industriel des ciments d'algerie, 2018) )

Raw materials such as limestone and clay are excavated from quarries owned by the
company. The limestone quarry is located 200 km, and the clay quarry is 2 km away
from the industry site. Other needed materials like gypsum and Fe,O3; are supplied

externally.

Table 12 Raw material portion (Source: Zahana production manager)

Material Share

Limestone 75-80 %
Water 12-14 %
Gypsum and Iron (lll) oxide 1-5 %

Clinker production in the last year despite high demand is reduced due to production
process failure. The company implemented a new clinker cooler to the process and
there are adjustment difficulties. Therefore, the average annual level of 930.000

tonnes of cement this year has not been reached.
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Table 13 Line’s information (Source: Zahana production manager)

Type of line Construction year Constructor Clinker capacity
Wet line 1994 FLS 600 t/day
Dry line old 1976 FCB 3.500 t/day
Dry line new 2019* CBMI (Design FLS) 4.500 t/day

*expected June 2019

All lines are composed of storage and preparation of raw materials, dust filter and
preheating kiln firing processes and emissions reduction techniques, clinker cooling
system and storage, additives storage and dosing line, and cement crushers and

storage.

Figure 32 Left: Wet lines kiln and cyclones. Right: Dry lines kiln and cyclones (Source: Self
capture)
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Figure 33 Raw material transport belt (Source: Self capture)
Figure 34 New dry line construction side (Source: Self capture)
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Figure 35 Wet lines kiln (Source: Self capture)
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The following table shows the energy consumption as well as production quantities
for the wet and dry line during 2018.

Table 14 Consumption and production quantity of the site (Source: Zahana production manager)

Clinker Cement Electricity Gas
The year 2018 production production consumption consumption
tly ty MWhry m3/y
Wet line 71.821 - - 19,056,7972
Dry line 533.670 - - 76,227,187
Total 605.491 727.514 109.207 95.283.984

2.4  Environment
The clinker burning process is the most important in terms of GHG (Green House
Gas) emissions potential and product quality. Cement factories who use waste as fuel

and/or raw material need to be aware of following main air-polluting substances:

e “oxides of nitrogen (NOx) and other nitrogen compounds

e sulphur dioxide (SO2) and other sulphur compounds dust

e total organic compounds (TOC) including volatile organic compounds (VOC)
e polychlorinated dibenzo-p-dioxins and dibenzofurans (PCDD and PCDF)

e metals and their compounds

¢ hydrogen fluoride (HF)

e hydrogen chloride (HCI)

e carbon monoxide (CO)

e carbon dioxide (CO,).” (Institute for prospective technological studies, 2013

)

One alternative for lowering CO2 emissions is to minimize the carbon content of the
fuel, e.g., changing from coal to natural gas or even better to alternative fuels such as
waste-derived fuels, which are presenting lower carbon content. In many studies,
reductions in NOx and SO2 emissions when MSW is used as a fuel in cement kilns

instead of fossil fuels is cited.

2 20% of the total gas consumption of the plant
3 80% of the total gas consumption of the plant
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Disadvantages may be the adverse effects on the cement quality and emission, which
is an increased in harmful gases. It should be noted that emissions generally depend
more on kiln operation conditions than on the type of fuel.

The emissions ranges within which kilns operate depend on the raw materials, the
fuels, the design of the plant, and also on the requirements laid down by the permitting

authority. (The European Cement Association, 2001) (The European Cement

Association, 2006) (Institute for prospective technological studies, 2013)

Emission range data from the kiln in operation in the EU are shown in the following
table.
Table 15 Reported emissions from European cement kiln (Source: (The European Cement Association

, 2001)  (The European Cement Association, 2006)  (Institute for prospective technological
studies, 2013) )

Pollutant mngnf’ kg/tonne clinker tonnes/year
NO, (as NO,) 145-2040 0.33-4467 334-4670
S0, Up to 4837() Upto 11.12 Up to 11125
Dust 0.3?—22?{5) 0.00062-0.5221 0.62-522
CO 200—2000(‘} 046-46 460-11500
COs ) Approx. 672 g/tamen: 1.5456 mulhion
TOCVOC 1 —60(’) 0.0023-0.138 2.17-267
HF 0.009-10 0021-23 g/t 021-230
HC1 0.02-200 0.046—46 gt 0.046—46
BPCDD/F Dng{;?gétﬁiz 0.0276—-627 ng't 0.0000276—0.627 g/vear
Metals()
He 0-0.03(") 0—69 mg/t 0—1311 kp/year
Y (Cd, TI) 0-0.68 0-1564 mg/t 0-1564 kg/vear
gof’éfl 511; ;’;"g" 0-40 0-9200 mg/t 0-9200 kg/year

(") Mass figures are based on 2 300 nr'/tonne clinker and one million tonnes clinker per year. Emissions ranges are
vearly averages and are indicative values based on various measurement techmiques. The reference O, content 15
normally 10 %

() Values from 501 measurements in the clean gas of 253 rotary knlns. 11 measurements are above the scale. Of
these, 7 are of 0" substitution rate, 3 are "0 — 10", and one is "above 40°. High 50, enussions are to be expected
when the raw materials contain volatile sulphur compounds (e.g. Pyrite). Indeed. these oxdisable compounds
¢ be converted to SO as early as i the upper cyclone stages. This 505 can be captured in the raw mill by the

_ finely ground raw material

(*) The fipures are values from continuous dust measurements in the clean gas of 253 rotary kilns. 8 measurements
are above the scale. The emission levels largely depend on the state of the abatement eqnpment

(*) In some cases, CO emissions can be higher than 2 000 mg/Nnr® and up to 5000 mg/Nm? (11.5 kg/tonne clinker),
e.g Due to NO, reduction.

(%) Yearly average \alues from 120 measurements; only a few values range above 60 mg/Nm® (up to 122.6 mg/Nm®
or 0.28 kE"lOﬂﬂE clinker).

Q '0' implies LOD = level of detection.

(") Collected from 306 spot measurements with an average value of 0.02 mg/Nm' and an upper value of .57
mg/Nnr' (1 311 mg/tonne clinker).

The table below shows the limit values allowed in Algeria and indicates the sources
of these compounds. The following emission limits are relevant for the cement
industry, according to Executive Decree No. 06-138, regulating the emission into the

atmosphere of gases, fumes, vapors, liquid, or solid particles.
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Table 16 Emission limit in Algeria (Source: Executive Decree No. 06-138)

Substance Limit values* Source
Dust < 30 mg/Nm? All types of waste
SOx <500 mg/Nm? Paper, plasterboards, tires, and rubber
NOx < 1,500 mg/Nm3  All types of waste

(due to the high temperatures in the kiln, it is expected to have a higher

formation rate of NOXx)

CO: <150 mg/Nm? All types of waste

HF <5 mg/Nm? Plastics, textiles

Heavy metals = <5 mg/Nm? Batteries, fluorescent lamps, electronic devices
Flour <5 mg/Nm? Plastics, textiles

Chloride < 30 mg/Nm? PVC, other plastics

*according to Executive Decree No. 06-138 of 16 Rabie El Aouel 1427 corresponding to April 15, 2006,
regulating the emission into the atmosphere of gases, fumes, vapors, liquid or solid particles, as well as
the conditions under which their control is exercised.

Typical kiln exhaust gas volumes expressed as m?/t of clinker (dry gas, 101.3 kPa,

273 K) are between 1700 and 2500 for all types of kilns. (The European Cement
Association, 2001)

Suspension preheater and pre-calciner kiln systems normally have exhaust gas
volumes of around 2300 m?t of clinker (dry gas, 101.3 kPa, 273 K). (Institute for

prospective technological studies, 2013)

The impurities content and the behavior of the limestone during firing/calcination
affect emissions. Also, organic, chloride, metal content in the waste can affect the

amount of emissions:

e “Organic content: Organic constituents are associated with CO2 emissions
and may resultin CO, TOC, and dioxin/furan emissions if waste is fed through
unsuitable points or during unstable operating conditions. Should such
conditions occur, the feeding of alternative fuels must immediately stop until

the process again becomes stable.

e Chloride content: Chlorides may combine with alkalis to form fine, difficult to
control particulate matter. In some cases, chlorides have combined with
ammonia present in the limestone feed. Chlorides may produce a visible

detached plume of fine particulate with a high ammonium chloride content.
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e Metals content: The non-volatile behavior of most heavy metals allows most
of them to pass straight through the kiln system and be incorporated into the
clinker. Introduced volatile metals will partly be recycled internally by
evaporation and condensation until equilibrium is reached, with a very small
portion being emitted in the exhaust gas. Thallium and mercury and their
compounds are highly volatile, as are, to a lesser extent, cadmium, lead,
selenium, and their compounds. Dust control devices can only capture the
particle-bound fraction of heavy metals and their compounds; therefore,

emissions of the gaseous species must be controlled.” (World Business

Council for Sustainable Development, 2015)

The use of waste in cement furnaces is also dictated by the broadly understood term
environmental protection, as not only primary sources of energy are secure, but also
waste is used, which would otherwise have to be disposed of on waste disposal sites,
or burnt in specially constructed incineration plants. Within waste, to energy
technologies, less waste will have to be dumped or burnt, which will mean less
dumping sites. Therefore, the use of waste-derived AF by cement plants will be also
beneficial to the environment. The conditions in rotary kilns, such as high temperature,
the high speed of the gas stream, and the long particle-storage period, guarantee that

the use of AF is ecologically safe.

3 Description of the Methodical Approach

In this thesis, the implementation of waste co-processing and incineration systems for
a cement industry in Algeria is studied. The motivation of the work is reducing landfills
in developing countries such as Algeria within co-processing and incineration in
cement factory as one of the high energy-intensive industry sectors. MSW is the

option that the Algerian government is attending to use.

Using AF instead of conventional fuel does not automatically reduce the final specific
energy consumption of cement. There are treatment steps which are needed to be
done before introducing AF to the production system. Each treatment step required
energy input. Also, there is a different technology for incinerating different waste.
According to the available technologies and studied cement industry state, needed

waste treatment and feed in points are suggested.

A cement indusstry in Algeria is visited. For carrying out of this thises, the following

steps were performed:
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Data collection

Review of literature and the technology background
Discussion with experts and review of best practice
Analysis of the proposed measure

o~ w0 DNdPRE

Conclusion
Step 1: Data collection

The questionnaire aims to gather general and essential information about the
company. The questionnaire consists of 4 parts and is given in the Appendix:

1. General information: such as legal company name, location, contact person,
year of establishment, number of hours worked per year, local currency and
exchange rate to euro

2. Production process: number of operating kilns, type of clinker production,
clinker, and cement production capacity, and energy consumption (gas and
electricity)

3. Alternative fuel: company’s request on the waste that wants to use, the total
cost of considered alternative fuels and hazardous materials contained in the
targeted alternative fuel

4. Documents: any documents relevant to the assessment such as flow chart,
construction documents on kiln and cyclones, material input and output

specification and energy balance

A site visit was performed in April 2019. During the site visit, a different part of the
plant, especially the kilns and cyclones are visited. Needed data and information are
documented. The controlling room is cheeked, and within the help of the

manufactures manager and technical team, uncertainties are cleared.
Step 2: Review of literature and the technology background

The cement production process within the help of known books and scientific articles
is defined, and different methods are introduced. The dominant method is explained
in detail. To highlight the current energy consumption situation in cement
manufactures in Algeria, the energy consumption in the cement industry in the country
with European countries is compared. For this comparison, cement and clinkers'

specific energy consumption is targeted [KWh/t cement, clinker]-
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Waste as an alternative fuel plays a significant role in this study. Based on the
manufacture's wish and government motivation, the chosen waste as fuel is based on

their availability, energy content, needed technologies, and emissions are analysed.

To approach an assessment and comparison between different WtE technologies,

the most common and successful technologies are introduced and reviewed.

“‘Best Available Techniques (BAT) Reference Document for the Production of
Cement, Lime and Magnesium Oxide” is the central core literate of this study which

its significant contributors in the information exchange are:

e the following Member States: Austria, Czech Republic, Estonia, France,
Finland, Germany, Hungary, Ireland, Italy, Netherlands, Portugal, Spain,
Sweden, United Kingdom

¢ CEMBUREAU, the industry association representing the majority of European
cement manufacturers

e EULA, the industry association representing the majority of European lime
manufacturers

¢ EUROMINES, the industry association representing the European MgO
manufacturers

e EURITS, the industry association representing the majority of the EU's

hazardous waste incineration
Step 3: Discussion with experts and review of best practice

The suggested projects are based on similar projects in developed countries, mainly
in the EU countries. Due to high cost of primary energy and implemented frameworks

EU countries have more knowledge and experience in this area.

Based on the existing data provided by cement manufacture, gathered information
while site visiting and discussions held with experts, following assumptions for

proposing projects and further calculations, are made:

e The total energy consumption of the site and the produced clinker for each
line is known. Based on the clinker production, gas consumption for each line
is calculated.

¢ 50% of total natural gas consumption of the dry kiln is used in the main burner

o 50% of total natural gas consumption of the dry kiln is used in the calciner

e Production amount of dry kiln is 3500 tcjinker/d

e The gas tariff is 3.3 Dinar/Nm? (0.025 €/Nm3)

46


https://www.tuwien.at/bibliothek
https://www.tuwien.at/bibliothek

Die approbierte gedruckte Originalversion dieser Masterarbeit ist an der TU Wien Bibliothek verfligbar.

The approved original version of this thesis is available in print at TU Wien Bibliothek.

thele

(]
blio
nowledge

L]
|
rk

Waste price is considered as 0

The conversion rate of MSW into RDF is assumed to be 25% - 35%
The calorific value of oil is considered 30 GJ/t

The calorific value of plastic is considered 20-30 GJ/t

The calorific value of RDF is considered 15-20 GJ/t

The average density of waste oil is 900 kg/m?3

Average bulk density of plastic is 200 kg/m?3

Average bulk density of RDF is 100 kg/ms.

Projects based on the best practice and manufactures state are proposed:

1. Waste co-processing in the main burner for the dry line:

Waste oil and plastic as alternative fuels for co-processing in the main burner
are chosen. Two scenarios based on the best practice in EU countries and
discussion with experts, for compensation of waste oil and plastic ratio are
considered: 100% conventional fuel replacement with only waste oil, and
100% conventional fuel replacement with 70% waste oil and 30% plastic.

Maximum needed energy input from waste oil and plastic based on the

following equations are calculated:

Iwaste oil = Twaste oil * ECGmain burner (1)
lwaste oil Waste oil input [kWh/a]
I'waste oil Waste oil ratio [%0]

ECGmain burner Gas consumption main burner [KWh/a]

Iplastic = rplastic * ECGmain burner (2)
I pastic Plastic input [kKWh/a]
Mplastic Plastic ratio [%0]

ECGmain burner Gas consumption main burner [KWh/a]

After, with the help of equations 3 and 4, the needed amount of waste oil and
plastic is calculated. In the end, the amount of gas cost saving is calculated

within equation five. Based on the density, the volume is calculated.

Iwaste oil

Myaste oil = ACV ;#1000 3)
Muaste oi Waste oil amount [t/a]
ACV,i Avg.calorific value of waste oil [kWh/kg]
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I .
. plastic
m P <l 4

plastic ACV piastic+1000 ( )

Mplastic Plastic amount [t/a]

ACVypjastic Avg.calorific value of plastic [kWh/kg]

Sgas = Twaste * ESGmain burner * Cgas ()
Sgas Gas cost saving [Dinnar/a]

I'waste Waste ratio [%)]

Cgas Gas cost [Dinnar/a]

Waste incineration in the calciner:

For the second project, instead of conventional fuel, 50% needed energy
comes to form RDF, and 50% energy comes from plastic. Both after treatment
will be injected via calciner to the system. The amount of plastic which is
needed to be introduced to the system is calculated with equation 4.

The needed amount of RDF is calculated via the following equations:

RDFinput = Twaste * ESGeaicinerzone (6)
RDFinput RDF input [kWh/a]

lwaste Waste ratio [%0]

ESGcalcinerzone Gas consumption calcinerzone [kWh/a]

Mppr = % (7)
TRroF RDF amount [t/a]

RDFinput RDF input [kWh/a]

ACVgrpe Avg.calorific value of RDF[kWh/a]

Waste incineration in the calciner and combustion chamber:

The energy needed to be compensated 100% conventional fuel at calciner will
come from RDF and plastic with lower calorific value, incinerated in the
combustion chamber. With the help of equations 4 and 6, the amount of waste

is calculated.
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In the end, needed technologies and processes for implementing alternative fuel are
proposed. The financial cost is according to the best practice in the EU estimated.

Payback period of the projects are assessed within the averaging method:

I
trB = & (8

tes Payback time [a]
I Initial investment [€]
CF Annual operating cash flow amount [€/a]

Step 4: Analysis of the proposed measure

The results of the proposed projects are presented, and needed modification for each

project is explained.
Step 5: Conclusion

Considering the results from step 3 and 4, also country and manufacture condition,
an evaluation of projects are presented. The outcomes are ranked and summarised.
A detailed review and analysis of the proposed measure are prepared. The technical
characteristic of the proposed solutions based on the data from the factory and

assumptions is reviewed and calculated.

4 Description of the Research Problem

The aim is to investigate and evaluate the feasibility of replacing conventional fuel
with alternative fuel in a cement factory located in Algeria. The framework conditions
in most developing countries are different from those that have seen a successful
application of WtE projects in Europe, North America, where utility size WtE plants

are increasingly common.

A simple technology transfer is often not successful as it does not meet the conditions
of developing countries, especially in terms of financial requirements, input material
composition, and local capacities. However, it is possible to improve waste
management in fast-growing cities of developing and emerging countries such as

Algeria, but the following circumstances are affecting the proposed projects:

49


https://www.tuwien.at/bibliothek
https://www.tuwien.at/bibliothek

Die approbierte gedruckte Originalversion dieser Masterarbeit ist an der TU Wien Bibliothek verfligbar.

The approved original version of this thesis is available in print at TU Wien Bibliothek.

thele

(]
lio
nowledge

b

i
r

Table 17 Research problems and affect level on the proposed project

Research problem Affect level
Low conventional fuel cost in comparison to an industrialized High
Weak enforcement of environmental standards and lack of High
monitoring and, leading to public health issues.

High operating costs and investment which cannot be recovered

by existing waste fees and generated additional income from High

energy sales alone

Weak business and process models

The limited practice of waste segregation at source, a
precondition for anaerobic digestion

Lack of knowledge on how to operate and maintain WtE

Calorific value in MSW can vary and is lower than in industrialized
countries, due to mineral content in waste and the high moisture
(ash, construction, and demolition waste)

Substantial seasonal change in waste composition

As can be seen, low conventional fuel cost in Algeria and enforcement of the
environmental standard has a high level of effect on the project outcome and

implementation interest.

Also, until April 2019, the dry line was not under operation due to the implementation
of a new clinker cooler as well as different difficulties that arise in the production
process. Therefore, cement production has not been stable during the last years,
reaching an average level of 600.000 - 730.00 tonnes of cement per year. In 2016, a

production level of 937.000 tonnes cement was reached.

5 Presentation of the Results

Three projects are suggested considering available waste, its characteristics and
industrie’s calciner, and the burning zone system conditions. Needed waste treatment
according to the process’s and feed point's attribute is already been explained. The
amount of waste which can be incinerated or co-processed and gas-saving are
calculated. Needed modifications and investments are estimated. In the end, a

summary is presented.
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5.1 Waste Co-Processing in the Main Burner

5.1.1 Waste Type
In the main burner, only wastes with a high level of calorific value are suggested, such
as waste oil. Due to the need for the high temperature at the burning zone, AF used

in the main burner should have heating values of a minimum 30 GJ/tcinker-

“z

\ Main burner

Figure 36 Waste co-processing in the main burner, feed-in (Source: Adopted from (Durag Group,
2019) )

Also, it is possible to use plastic waste in the main burner, but pre-treatment is
needed. The size of the particle needs to be less than 20 mm, the heating value more
than 30 GJ/t, and the chloride content less than 1%.

5.1.2 Reduced Waste Volume and Conventional Fuel Saving
Assuming that the line will operate at full capacity and 50% of the total natural gas
consumption is used in the main burner, in case of replacing 100% of needed energy

with waste oil, the following results can be seen:

Table 18 Reduced waste volume and conventional fuel saving by 100% waste oil co-processing in the
main burner (Source: Self calculation)

100% Waste Oil in Main Burner
Description Value Unit
84,987,307|m3/y
900,865,459|kWh/y

Gas consumption

Targeted gas replacement ratio with waste oil 100(%
Average calorific value of waste oil 8.34|kWh/kg
Average density waste oil 900|kg/m3

900,865,459|kWh/y
120,057|m3/y

Max. natural gas savings 84,987,307|m3/y

Max. saving costs 2,162,527|Euro/y

Needed waste oil input
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To achieve 100% fuel replacement at the main burner with waste oil, a daily supply of
approximately 320 t (350 m3) of waste oil is needed; it means the plant can reduce
the waste oil volume by 350 m?3 per day. It is assumed the plant will receive waste oil
without any associated costs. In this case, the plant can save up to 2.1 Mio Euro per
year in the natural gas bill.

The ash formation and clinker quality should be considered when using plastic in the
main burnner. Based on the discusions with experts and chapter 2.2.2 mainly due to
ash formation, only a 30% replacement for this plant is recommended. Results based
on the gas replacement at the main burner with 30% of plastic and 70% of waste oil

are shown in the following tables.

Table 19 Reduced waste volume and conventional fuel saving by 70% waste oil co-processing in the
main burner (Source: Self calculation)

70% Waste Oil in Main Burner
Description Value Unit
84,987,307|m3/y
900,865,459|kWh/y

Gas consumption

Targeted gas replacement ratio with waste oil 70(%
Average calorific value of waste oil 8.34|kWh/kg
Average density waste oil 900|kg/m3
Needed waste oil input 630,605,822]kWhyy
84,040|m3/y
Max. natural gas savings 59,491,115|m3/y
Max. saving costs 1,513,769|Euro/y

Table 20 Reduced waste volume and conventional fuel saving by 30% plastic co-processing in the main
burner (Source: Self calculation)

30% Plastic in Main Burner
Description Value Unit
84,987,307 |m3/y
900,865,459|kWh/y

Gas consumption

Targeted gas replacement ratio with plastic 30|%
Average calorific value of plastic 8.30(kWh/kg
Average plastic bulk density 200|kg/m3

270,259,638(kWh/y
162,076|m3/y

Max. natural gas savings 25,496,192|m3/y

Max. saving costs 648,758|Euro/y

Needed plasticinput

In the case of replacing gas consumption in the main burner with 30% of plastic and
70% of waste oil (100% gas replacement), 477 m3 plastic and 247 m3 oil can be co-

processed almost daily. Also, a total of 84,987,307.48 m3 gas in a year can be saved.
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5.1.3 Needed Modifications and Investment

It will be necessary to replace the existing burner with a multi-channel burner and
construct adequate injection lines for fuel. Multi-channel burners allow to work with
different fuels and switch from one fuel source to another during the operation. In this
case, the multi-channel burner will have to be designed to burn natural gas and waste
oils, so in case of lack of waste oils and plastic, the kiln can operate with natural gas.

Also, a receiving and storage facility is needed: unloading zone for trucks, storage
tanks, pumping systems for unloading, stirring and injection, filtration system, and
waster separation system. The total investment costs based on the best practice
projects for 100% gas replacement with waste oil are estimated between € 2 Mio -
€ 3 Mio.

Table 21 Investment and payback time calculation by 100% waste oil co-processing in the main burner
(Source: Self calculation)

Investment

Multi-channel burner

Blending equipement

Storage tanks: assumption 7-day storage capacity. Approx. 2500 m3

Safety systems € 2Mio-3Mio
Operation costs

10% - 15% of the investment costs € 200.000 - 450.000
Estimated payback time

Assuming no costs or income for waste 1-2years

Besides, the switch from natural gas to waste oil is recommended to be done in steps
and continuously controlling the flame temperature and the quality of the clinker. To
achieve a steady operation and 100% fuel replacement can take from one to three

years.

Different safety measures must be implemented for the storage of waste oil. It is vital
to have anti-leakage tanks to avoid soil contamination, and fire protection systems

adapted to hydrocarbons storage and trained personnel for safe handling.

In the case of using 30% plastic and 70% waste oil, the plant beside a multi-channel
burner, blending equipment and storage for waste oil, needs shredding, separation,

and storage for plastic. The total investment is assumed to be € 3-5 Mio.
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Table 22 Investment and payback time calculation by 70% waste oil and 30% plastic co-processing in
the main burner (Source: Self calculation)

Investment

Multi-channel burner

Blending equipement for oil

Storage tanks for oil: assumption 7-day storage capacity. Approx. 1800 m3

Safety systems € 2 Mio - 3 Mio

Shredding system (20 mm) for plastic
Separation system for plastic
Storage room for plastic: assumption 7-day storage capacity. Approx. 3400 m3

Safety systems € 1 Mio - 2 Mio
Total investment costs € 3 Mio - 5 Mio
Operation costs

10% - 15% of the investment costs € 300,000 - 750,000

Estimated payback time

Assuming no costs or income for waste 1.5-3.5years

The payback time for this scenario, assuming no cost for getting waste, is 1.5-

3.5 years.

It is essential to pay attention to ash production and chloride content. Ashes resulting
from combustion will mix with the clinker, changing its composition and affecting the
quality. A pre-run test is required to determine the ashes composition and which

corrective substances can be used to maintain the clinker quality.

5.2 Waste Incineration in the Calciner

Injecting RDF and plastic in the calciner is technically possible. However, due to the
modifications that have to be made to the process, the investment cost will be higher,
and it will be necessary to analyse the whole clinker production chain in order to

ensure proper implementation.

The flue gases of the combustion will exchange the necessary heat with the raw
material entering the cyclones. The calciner can have a natural gas connection that

will allow running the process in case co-combustion is necessary.

5.2.1 Waste Type

Studies shows that feeding waste with a calorific value lower than 20 GJ/t does not
constitute an efficient way. Chloride content should not represent a problem as long

as the content in the flue gases does not affect the quality of the raw material.

Usually, fluids like waste oils and solvents are not fed into the calciner or the pre-

combustion chamber because it is possible to use them directly in the main burner
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without complications. Therefore, solid wastes like RDF and plastic are preferred in
these cases.

5.2.2 Reduced Waste Volume and Conventional Fuel Saving
For a ratio of 50% RDF and 50% plastic, assuming that the dry line will operate at full
capacity and that 50% of the total natural gas consumption is used in the calciner, the
plant will need a daily supply of approximately 240 t (1.200 m?) of plastics and 240 t
(2.400 m?®) of RDF to achieve targeted fuel replacement ratio.

Table 23 Reduced waste volume and conventional fuel saving by 50% plastic incineration in calciner
(Source: Self calculation)

50% Plastic in Calciner
Description Value Unit
84,987,307|m3/y
900,865,459|kWh/y

Gas consumption in calciner and combustion chamber

Targeted gas replacement ratio with plastic 50(%
Average calorific value of plastic 5.56|kWh/kg
Average plastic bulk density 200|kg/m3

450,432,730|kWh/y
405,191|m3/y

Max. natural gas savings 42,493,654|m3/y

Max. saving costs 1,081,263|Euro/y

Needed plasticinput

Table 24 Reduced waste volume and conventional fuel saving by 50% RDF incineration in calciner
(Source: Self calculation)

50% RDF in Calciner
Description Value Unit
84,987,307|m3/y
900,865,459|kWh/y

Gas consumption in calciner and combustion chamber

Targeted gas replacement ratio with RDF 50(%
Average calorific value of treated RDF 5.60|kWh/kg
Average RDF bulk density 100|kg/m3

450,432,730|kWh/y
810,382|m3/y

Max. natural gas savings 42,493,654|m3/y

Max. saving costs 1,081,263 |Euro/y

Needed RDF input

In the end, 84,987,307 m3 gas per year can be saved by implementing this project.

5.2.3 Needed Modifications and Investment

Due to the corrosive nature of chloride, check-ups and maintenance of the equipment
have to be conducted on a regular basis. Also, the chloride content in the flue gas has

to be closely monitored.
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It is assumed that the storage space for plastics and the storage space for RDF will
have a capacity equal to seven days of supply (approximate volume 8.400 m* and
16.700 m?, respectively). Since the conversion rate of MSW into RDF is assumed to
be 25% - 35%, the cement plant will need a daily input of approximately 900 — 1.300 t
of MSW. However, considerable quantities of non-burnable fractions will be produced
as a result of the RDF preparation. Therefore, the manufacturer should also consider
the disposal of these fractions: either back to landfill or transportation to recycling
facilities in case of metal and glass.

The investment costs will depend on the equipment capacity but can be estimated at
approximately € 20 Mio — € 25 Mio, including unloading zone for trucks, storage,

separation and shredding system, and injection system.

Table 25 Investment and payback time calculation by 50% plastic and 50% RDF incineration in calciner
(Source: Self calculation)

Investment

Calciner € 20 Mio
Plastic sorting line

Shredding system (50-80 mm)

Storage room for plastic: assumption 7-day storage capacity. Approx. 8.400 m3

Safety systems € 1,5 Mio - 2 Mio
RDF sorting line

Shredding system (50-80 mm)

Storage room for RDF: assumption 7-day storage capacity. Approx. 16.700 m3

Safety systems € 1,5 Mio -3 Mio
Total investment € 23 Mio- 25 Mio
Operation costs

1% - 5% of the investment costs €200.000 - 1.250.000

Estimated payback time

Assuming no costs or income for waste 10- 30years

5.3 Waste Incineration in the Calciner and Combustion Chamber

One of the state-of-the-art options for waste incineration is the use of a calciner with
a pre-combustion chamber to provide heat to the raw materials and initiate the
calcination reaction before entering the kiln oven. The calciner will be connected to
the pre-combustion chamber, in which the incineration will take place. Usually, pre-
combustion chambers also have a connection for natural gas in case co-combustion
is necessary. Flue gases from combustion will provide heat to the material entering

the cyclones.

Based on conversations with technology providers, this project is only recommended

when 100% of fuel replacement has been already achieved in the main burner.
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Figure 37 Feed in points (Source: Adopted from (Durag Group, 2019) )

5.3.1 Waste Type

The calorific value of fuel wastes is recommended to be around 15 GJ/t, and the
chloride content should not represent a problem. However, due to the corrosive nature
of chloride, check-ups, and maintenance of the equipment have to be conducted

regularly. Also, the chloride content in the flue gas has to be closely monitored.

5.3.2 Reduced Waste Volume and Conventional Fuel Saving

For a ratio of 50% RDF and 50% plastic, it is assumed that the line will operate at full
capacity and that 50% of the total natural gas consumption is used in the calciner and
the pre-combustion chamber, the plant will need a daily supply of approximately 320 t
(1.600 m3) of plastics and 320 t (3.200 m3) of RDF to achieve 100% fuel replacement.
Since the conversion rate of MSW into RDF is assumed to be 50%, the plant will need
a daily input of approximately 700 t of MSW. In this case, also, the cement plant should
evaluate the disposal of the non-burnable fractions: either back to landfill or

transportation to recycling facilities in the case of metal and glass.
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Table 26 Reduced waste volume and conventional fuel saving by 50% plastic incineration in the

combustion chamber (Source: Self calculation)

50% Plastic in Calciner and Combustion Chamber

Description Value Unit
Gas consumption in calciner and combustion chamber 84,987,307 m’/y
900,865,459 |kWh/y
Targeted gas replacement ratio with plastic 50|%
Average calorific value of plastic 4.17|kWh/kg
Average plastic bulk density 200|kg/m?3
Needed plasticinput 450,432,730/kWh/y
540,254|m3/y
Max. natural gas savings 42,493,654|m3/y
Max. saving costs 1,081,263|Euro/y

Table 27 Reduced waste volume and conventional fuel saving by 50% RDF incineration in the

combustion chamber (Source: Self calculation)

50% RDF in Calciner and Combustion Chamber

Description Value Unit
Gas consumption in calciner and combustion chamber 84,987,307\m>/y
900,865,459 kWh/y
Targeted gas replacement ratio with RDF 50(%
Average calorific value of treated RDF 4.17|kWh/kg
Average RDF bulk density 100|kg/m?3
Needed RDF input 450,432,730/ kWh/y
1,080,509|m3/y
Max. natural gas savings 42,493,654 m3/y
Max. saving costs 1,081,263 |Euro/y

5.3.3 Needed Modifications and Investment

Investment costs will be directly linked to the capacity of the pre-combustion chamber,

to achieve a complete replacement of fuel, costs are estimated to be more than

€ 20 Mio, including the unloading zone for trucks, storage, separation and shredding

system, and injection system.

It is assumed that the storage space for plastics and the storage space for RDF will

have a capacity equal to seven days of supply (approximate volume 11.200 m? and

22.300 m?3 respectively).
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Table 28 Investment and payback time calculation by 50% plastic and 50% RDF incineration in the

combustion chamber (Source: Self calculation)

Investment

Calciner + combustion chamber

€ 30 Mio

Plastic sorting line

Shredding system (80-100 mm)

Storage room for plastic: assumption 7-day storage capacity. Approx. 11.200 m3
Safety systems

€ 1 Mio - 2 Mio

RDF sorting line

Shredding system (80-100 mm)

Storage room for RDF: assumption 7-day storage capacity. Approx. 22.300 m3
Safety systems

€ 1 Mio - 2 Mio

Total investment

€ 32Mio-34Mio

Operation costs

1% - 5% of the investment costs

€ 300.000 - 1.700.000

Estimated payback time

Assuming no costs or income for waste

15- 70 years

5.4 Summary

Three projects are suggested, and three types of waste are considered for co-

processing and incineration. The following table shows the advantages and

disadvantages of co-processing and incineration of MSW, waste oil, and plastic for

the cement manufacture in Algeria. These evaluations are based on the result of the

proposed projects and literature research done in chapter 2.
Table 29 Advantages and disadvantages of MSW, plastic and waste oil

Type of .
Advantages Disadvantages
waste

- Low calorific values and high moisture
content, considerable variations in the
quality

- Ash formation and high chloride

msw ¥ High quantities content that affects clinker quality
- Odour and possible spread of
diseases

- Pre-treatment necessary

- Need for prior shredding

v High quantities - Potentially harmful emissions
Plastic v High calorific value - High chlorine content (mainly PVC)
v Safe to handle - Ash formation that affects the clinker
quality

v"High calorific value
v Easy handling and

Waste oil burning - Supply might not be stable
v High replacement

rates

Calorific value

GJit kcal/kg

8-10 1.900 — 2.400

17-40 4.000 - 9.500

25-35 5.900 - 8.400
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Before introducing waste to the cement production process, pre-treatment based on
the feed point and waste characteristic is needed. The Algerian government is
interested in using MSW for conventional fuel replacement. The following table
presents a summary of the steps needed to achieve each RDF quality for three feed
points, pre-combustion chamber, calciner, and the main burner. The calorific value of
the RDF increases within each pre-treatment step. As can be seen, MSW pre-

treatment for main burner quality is energy-consuming.

Table 30 Summary of MSW pre-treatment based on the feed points

MSW pre-treatment Pre-combustion Calciner quality Main burner
chamber quality quality
Sorting line Needed Needed Needed
1. Shredding (size 100-200 mm) Needed Needed Needed
2. Shredding (size 50-80 mm) Not necessary Needed Needed
Drying Not necessary Not necessary Needed
3. Shredding (size 20-35 mm) Not necessary Not necessary Needed
Calorific value (GJ/t) 10-15 15-20 20 — 25*
Moisture content (%) 20 — 40% 15 - 25% <15%
Chloride content (%) -- -- <1%
Percentage of MSW (%) 50% 25— 35% 25%

*Theoretical values. Based on experience, recommended values > 30 GJ/t

Another perspective which can be resulted from proposed projects is the advantage
and disadvantages of waste used in the main burner. Waste oil, while has a high
calorific value, fewer pre-treatment process steps, and also no chloride and metal

content, is the best option for replacing conventional fuel in the main burner.

Plastic despite its high calorific value cannot be substituted with a 100% replacement
rate due to chloride content and it also needs more pre-treatment process step in

comparision to waste oil.

MSW is not suitable as a alternative fuel in the main burner due to its low calorific
value, moister content, and extremely inhomogeneous content. But it is important to
mention, after different pre-treatment process, the output (RDF) can be replaced by

up to 20% with conventional fuel.
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Table 31 Waste characteristic and quality caparison for the main burner

Main burner Waste oil

Plastic

MSW

Replacement rate Up to 100%
Calorific value
Pre-treatment process
Ashes

Chloride content

Approximated
investment costs

Estimated payback
time

Results Highly recommended

Up to 30%

+

€ 3 Mio — € 5 Mio

1,5-3,5years

Up to 20%

Not recommended

The following table shows the amount of waste volume required for each suggested

project. Considering the government issue for waste management and reducing

landfill, waste incineration in the calciner and combustion chamber is suggested. It is

essential to consider the calorific value as an important criterion in determining the

amount of needed waste.

Table 32 Reduced waste volume for each proposed project

Calorific
. Waste |Replacement Reduced

Project kind rate [%] value valume [m3/y]
" | kwh/ke] y
N . Waste oil 100 8.34 120,057

Waste co-processing in the main burner
SUM 100 8.34 120,057
Waste oil 70 8.34 84,040
Waste co-processing in the main burner Plastic 30 8.30 162,076
SUM 100 8.33 246,116
Plastic 50 5.56 405,191
Waste incineration in the calciner MSW 50 5.56 810,382
SUM 100 5.56 1,215,572
Waste incineration in the calciner and Plastic >0 4.17 240,254
. MSW 50 4.17 1,080,509

combustion chamber

SUM 100 4.17 1,620,763

»
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6 Conclusion

Cement is a primary material for building and civil engineering construction. Cement
production is an energy-intensive industry. Population growth is causing high demand
for cement and also at the same time, increasing the amount of MSW. One of the
solutions that can help waste management issues in developing countries and also
reduce the demand and dependency on fossil fuels is using co-processing and
incineration technologies in the cement industry.

The average energy demand for the production of one ton of clinker for the studied
cement industry is about 5.4 GJ, which corresponds to 142 m?3 of gas with a calorific
value of 9,11 kcal per Nm3. Substituting waste for fossil fuels will reduce gas
consumption, providing a competitive edge for a cement plant using this source of
energy. Moreover, depending on the replacement rate, cement production-specific
energy consumption will increase, while there is a need for energy input in the waste

pre-treatment process.

Raw material goes through a different process step, and each step has a different
temperature profile until the clinker is formed. MSW, plastic, and waste oil have
different calorific values and are suitable for feed points, where the needed energy

can be covered. Each type of waste has advantages and disadvantages.

Significant characteristics and parameters for waste fuels are calorific value along
with a content of ash, sulfur, chlorine, water, and heavy metals. The quality
requirements of the products should be considered regarding the selection of fuels
(conventional or waste). There are limits on the amounts and types of waste fuels
fitting for use in the cement production, which is highly dependent on site-specific

circumstances.
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Figure 38 Reduced waste volume for each proposed project

The chloride content of waste plays a vital role in cement quality and kiln operation.
In case of use of a high volume of chlorine, a chlorine bypass might be necessary to

avoid corrosion, blockings, and shutdowns.

Metal emissions from mortar and concrete are low, but the careful monitoring and
selection of the waste materials guarantee that the use of wastes does not result in

metal emissions of any environmentally harmful magnitude.

Many emerging and developing countries have collected — mostly positive —
experiences with state-of-art co-processing during the past ten years. It is a WtE
technology that has already gained wide-spread acceptance amongst business
communities and policymakers. Although its application is at present focused on
specific high caloric industrial and hazardous waste, a few successful examples also
exist for the non-recyclable fraction of municipal solid waste. A limiting factor is the
economic attractivity of alternative fuels due to the volatility of fossil fuel prices as well
as the low revenues from waste disposal fees in most municipalities in developing

and emerging countries.
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Carbon dioxide

Gas consumption
European Union
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Gross Domestic Product
Green House Gas
Gigajoules
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Hydrogen fluoride
Waste input

Potassium
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Kilogram
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Appendix

Questionnaire: Waste Incineration System in Cement Plant

l. General Information

Legal Name of the Company

Location

Address

Telephone

Web Page

Contact person

Position

Direct Phone

e - mail

Year of establishment/Years in
operation

Number of employees

Number of hours worked per year

Local currency

Exchange rate

ll. Production process

Number of the operating kilns

Type of clinker production

Clinker  production capacity
(2018)

Energy consumption (2018)

Gas: [m3/y]
Electricity: ... [MWhl/y]
Other [Unit]:
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Ill. Alternative fuel

Is there any waste disposal
regulation in the country? If yes
please provide the framework.

Please answer the following questions, if you have an overview of the waste

incineration system that you want to implement:

Which alternative fuels or fuel 1. with a calorific value
mixes you are considering to be > Of oo with a calorific value
used? of i,
T with a calorific value
of oviiii.l.
4, with a calorific value
of oo,
Are hazardous materials
included?
If yes, which?
The total cost (purchasing and |  ..................... [ ]
transportation) of the considered | ... [ ]
alternative fuels [Unit]: | .l [ ]

IV. Documents

Please send us the following documents attach to the questionnaire.
(O Energy Audit (if is available)
(O Topographical map
(O Diagrammatic section of the plant (Flow chart)
(O Constructions document of the kiln and cyclones
(O Description of the kiln and operation, in terms of normal working condition

QO Inputs (raw materials and supplies) and outputs (product and waste) specification
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