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1. Abstract  
 

Hazardous waste is defined as the type of waste that threatens the human life and opposes a threat. 

Hazardous waste has various types based on the nature, Ignitability, Corrosivity, Reactivity and toxicity. 

Studies have been conducted throughout the years on the quantities that is produced and proper ways for 

the disposal. Several methods for Hazardous waste management methods are applied nowadays to avoid 

the risks. Those methods will be discussed thoroughly later on. 

 

Key Words: Waste, Hazardous Waste, Recycle, Re-use, Landfill, Incineration, Pyrolysis, Gasification, 

Combined Pyrolysis–Gasification, Composting, Anaerobic Digestion 
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2. Introduction 
 

Hazardous waste is a sociological issue around the globe due to the fact that Hazardous Waste is capable 

of contaminating the world we live in, with the potential of being lethal to the livings. 

Waste by definition is unwanted material, that has been discarded after being used that is worthless and 

cannot be used afterward or it’s generated as a by-product from a process. But not all wastes are 

Hazardous waste, some wastes are considered environmentally friendly and don’t cause any harm to life 

on earth. 

On the other hand Hazardous waste known to for causing danger to the environment and to health, this 

problem has emerged in the last few decades, but it existed thousands of years ago for instance the 

citizens of Athens in Greece, they were banned from throwing waste into public spaces. 

Waste disposal became a must to insure a healthy life style to humans across the globe, first waste 

disposal happened in Palestine; waste was being burned in a dump site. As time goes by, humans had to 

come up with other methods to dispose waste, as burning waste wasn’t the ideal solution. 

Hazardous waste has many classification either based on the nature of the waste itself or by the harm that 

it’s caused by it. According to Waste Framework Directive 1975, hazardous waste has 16 different 

types, such as:  

1. Products whose date for appropriate use has expired. 

2. Machining or finishing residues. 

The EU member states had to establish a different list (Gervais 2002;Laurence 1999) to a more distinct 

classification, throughout the years this list now contains 650 waste categories, but the main categories 

were: 

1. Municipal Solid Waste 

Municipal solid waste is the type of waste that is collected by municipalities. Originated in a small range 
either by a small business or by a house hold, etc... 

A global study has been conducted on this genre of waste; it was found that countries where the average 

income for individuals was relatively high, their average consumption is higher than other countries with 

a low average income, nevertheless not all studies are accurate.  The treatment of this type is different in 
each country, were some countries recycle others simply incinerate it.  

   

2. Agriculture and Forestry 

3. Mining and Quarrying 

4. Industrial 

5. Energy Production 

6. Construction and Demolition 
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Hazardous waste can be infectious, toxic, lethal and radioactive, so it oppose a serious threat mankind if 

not treated properly. Each type has been introduced into a proper method for treatment and disposal. 
Those methods include: 

1. Waste recycle.  

2. Waste landfill. 

3. Waste incineration. 
4. Other Waste Treatment Technologies: Pyrolysis, Gasification, Combined Pyrolysis–Gasification, 

Composting, Anaerobic Digestion. 

 

3. Discussion  
 

3.1 Waste Recycling 

In the hierarchy of waste management, places waste reduction at the top, followed by re-use, recycling, 

recovery and finally disposal.  

Recycling is the collection, separation, clean-up and processing of waste materials to produce a 

marketable material or product.  It occurs either during the manufacturing process or post-consumer stage 

, they’re collected separately and dealt with based on its nature. The advantages of the use of recyclable 

materials are that the use of new materials is limited, with environmental benefits arising from energy 

savings in the manufacturing process and reductions in air, water and land pollution. On the other hand 

recycling can be not the best economic option nor environmental. 

In the figure below after an assessment those graphs were made showing recycling percentages in some of 

the EU countries. 

 

 

 

 

 

 

 

Figure 1. Percentage recycling of various wastes in the UK, Germany and Finland. Sources: DEFRA 

2004; European Environment Agency 2003; European Environment Agency 200 
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Stages of recycling are concluded in several steps: 

1. Collection and Processing 

There are a range of recyclable recycling methods, including curbside collection, drop-off facilities, and 

deposit or refund schemes. Recyclables are sent to a recovery facility after processing, to be sorted, 

cleaned and recycled into products that can be used in production. Much like raw materials, recyclables 

are bought and sold, and prices go up and down depending on supply and demand in the United States 

and the world. 

2. Manufacturing 

More and more items are made with recycled material from today’s products. Popular household products 

containing recycled substances. Recycled materials, such as recovered glass in asphalt for road paving or 

recovered plastic in carpeting and park benches, are often used in new ways. 

3. Purchasing New Products Made from Recycled Materials  

Closing the loop by buying new products that are made of recycled materials. 

 

Different types of waste has different ways for recycling for example Recycling of industrial waste 

requires direct recycling, where waste content is recycled again into the manufacturing process inside the 

factory. 

Plastic Recycle 

A high proportion of waste is made up of plastic polymers and the volume and variety used is 

dramatically rising. Thermoplastics, which soften the two main types of plastic, are when cooled, when 

heated and hardened again, and thermosets that harden by curing and curing Unable to re-mold. The most 

popular forms of plastic are thermoplastics; by far they account for almost 80 percent of the plastics used 

in Europe and are also the simplest to use Recyclable Goods  

 

 

 

 

 

 

 

Figure 2. Plastics end-use in Western Europe by sector. Source: APME 2004. 
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Glass 

 

Glass is made of raw materials that are relatively cheap: silica sand, limestone and sodium carbonate. 

Glass processing, however, is energy intensive and glass recycling will decrease the energy used, as 

recycled glass melts at a lower temperature than raw materials. 

The processing of waste glass consists of a number of stages. The glass from the bottle banks is delivered 

to the recovery facility, where it is sorted by colour. The glass is stored by colour in separate bunkers until 

required, when it is fed to conveyor belts, where ferrous materials such as bottle caps are removed by 

magnetic separation and hand sorting is used to remove unwanted contamination. The glass is then 

crushed, screened and lightweight non-ferrous contamination, such as aluminium caps, plastics and paper 

labels are removed by vacuum suction. A final stage of removal of opaque material, such as china pieces 

from the clear glass, may be made electronically. The crushed processed glass is then available for 

recycling into the glass-making process. Usually the glass-cullet-making process is operated by a separate 

company to the glass-making company. Glass manufacture is fully automated, three tonne batches of 

mixed recycled cullet and virgin raw materials are heated rapidly to 1540 °C. The melted materials are 

blown into glass bottles at the rate of about 150/minute. A hot end-coating process coats the bottles with 

tin oxide to smooth the surfaces. The cooled glass is reheated and slowly cooled to anneal them which 

reduces stresses in the glass. A coating of polyethylene may be given at the end of the process to reduce 

surface scratching. Up to 80% of glass cullet can be accepted into the glass-making furnace and there is 

no limit to the number of times that glass can be recycled . 

 

 

Paper 

 

The rate of recycling paper is very high in the EU countries, the products are usually used in packaging 

and so on products, but the use of recycled paper for quality printing paper and writing paper is low, due 

to quality issues.  
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 Figure 3.Stages in the reprocessing of waste paper. Source: Huston 1995. Reproduced by kind 

permission of Apringer Science and Business Media. 
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Metals 

 

Metals produced via the ore mining, smelting and refining process, are referred to as primary metals. 

Scrap metals or secondary metals are derived either from industrial operations, such as the smelting or 

refining plant, and from the manufacture of metal shapes Batch Pulper Coarse Screening Detrasher High-

density Cleaning Flotation Fine Slotted Cleaning Washing Thickening Centrifugal Cleaning Fine Slotted 

Cleaning Washing Thickening Storage Paper Machine Through Flow Screening Effluent clarified for re-

use in first loop Effluent clarified for re-use in second loop Alkaline Loop Acid Loop Redilute Redilute 

Old Newspapers/Old Magazines Figure 3.9 Stages in the reprocessing of waste paper. Source: Huston 

1995. Reproduced by kind permission of Apringer Science and Business Media. 154 Waste Treatment 

and Disposal and products, or as post-consumer metal products collected from the waste stream. The 

industrial operations scrap metal is a purer form of the metal since it comes directly from the 

manufacturing industry. It is usually of known quality and composition and often uncoated and is 

therefore readily recycled back into the metal-production process. However, the scrap metal collected as 

post-consumer scrap is made up of discarded, used, or worn-out products and, as such, usually contain 

residues of other contaminant components. 

 

Nevertheless some economic considerations need to be taken 

1. A secure and stable supply of waste materials; 

2. A suitable collection system and transportation to the materials recovery facility; 

3. A reliable materials separation and clean-up process to produce the end recycled materials and 

products; 

4. Secure and stable markets for the raw materials and products. 

 

3.2 Waste Landfill 

It is a distinct region that collects household waste from land or excavation. Other forms of non-

hazardous waste, such as commercial solid waste, non-hazardous sludge, conditionally exempted limited 

amounts of generator waste and industrial non-hazardous solid waste. 

The key benefit of waste landfilling is that landfill costs are low relative to other disposal methods and 

that a wide range of waste is appropriate for landfilling. 

Throughout the European Union, landfill waste management is dominated by the EC Waste Landfill 

Directive (1999) and the application of its steps and goals. 
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Concerns regarding the environmental effects of waste landfills and the European Commission 's 

willingness to increase the level of waste reuse , recycling and recovery in the European Union are at the 

core of the application of the Waste Landfill Directive. 

A barrier system lining the landfill and acting as a barrier to the outside environment is needed to contain 

the landfill gas and leachate, with minimum stipulations for the minimum permeability and thickness of 

the landfill liner system, depending on the type of wasteIt is required to be deposited at the site of the 

landfill. The landfill gas must be collected inside the landfill site through a system of porous pipework 

and then treated and used or flared. The leachate is harvested and refined to remove pollutants to 

environmentally acceptable levels. 

The preference of a waste landfill site depends on a broad range of factors, including the proximity of the 

site to the waste generation source, the suitability of access roads, the effect of site operations on the local 

environment and the geological and hydrogeological stability of the site. Until a permit is granted by a 

regulatory authority or 'competent authority' of the Member States of the European Union to operate a 

landfill site, the site operator shall have the authority to operate the landfill site. 

After the final waste has been deposited, final cover or capping of the landfill site is necessary. The aim 

of the cap is to capture and protect waste, to prevent percolation of rainwater and surface water into the 

site and to influence leachate production, to monitor the release of landfill gas and to prevent the entry of 

air that would interfere with the process of anaerobic biodegradation. 

 

3.3 Waste Incineration. 

It’s the second major option for waste treatment and disposal in many countries throughout the world. 

Incineration is the oxidation of the combustible material in the waste to  produce heat, water vapor, 

nitrogen, carbon dioxide and oxygen. Depending on the composition of the waste, other emissions may be 

formed including other toxic materials  

Some Advantages for incineration are  

- Incineration is the best practicable environmental option for many hazardous wastes such as 

highly flammable, volatile, toxic and infectious waste 

- The bottom ash residues can be used for materials recovery or as secondary aggregates in 

construction. 

Disadvantages:  

- Whilst modern incinerators comply with existing emissions legislation there is some public 

concern that the emitted levels may still have an adverse effect on health. 

- The incineration process still produces a solid waste residue which requires management. 

 

There are various types of machines that may guarantee that no toxic materials or gases are generated 

throughout the process. 
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Cyclones 

Cyclones are most effective in removing particles of larger than 15µm, but they are much less efficient 

when it comes to the finer particles. Incinerator particulates have a significant proportion of particles in 

the less than 15 µm size. 

 

 

Electrostatic Precipitators  

Electrostatic precipitators are a common form of particulate removal system for municipal waste 

incinerators. 
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Fabric Filters 

Fabric filters consist of a series of elongated, permeable fabric bags through which the particulate-laden 

gas flows. The fine fabric filters out the particles from the gas stream 

 

Wet Scrubbers  

Wet scrubbers are used in incinerator clean-up systems to remove soluble acid gases such as hydrogen 

chloride, hydrogen fluoride and sulphur dioxide 

Dry Scrubbers  

The main disadvantage of wet scrubbers is the need for extensive treatment of the derived highly polluted 

liquid, which increases the costs of gas clean-up. 

Semi-dry Scrubbers  

The semi-dry scrubber utilises a spray of droplets of calcium hydroxide which react with the acid gases, 

but as the droplets pass through the scrubber tower the water in the droplets evaporates to form fine-

grained solid particles. 

De-NOx Systems 

Nitrogen oxides (NOx ) are formed in combustion processes, and because municipal waste incinerators 

are ‘large combustion plant’ they are subject to NOx regulation. 

 



13 
 

There are a wide variety of incineration types used to incinerate a wide variety of wastes. 

• fluidised bed incinerators;  

• starved air incinerators 

• rotary kiln incinerators and cement kilns 

• liquid and gaseous waste incinerators. 

3.4 Other methods  

Pyrolysis is the thermal decomposition of materials at elevated temperatures in an inert atmosphere. It 

involves a change of chemical composition. 

Gasification is a process that converts biomass- or fossil fuel-based carbonaceous materials into carbon 

monoxide, hydrogen and carbon dioxide. This is achieved by reacting the material at high temperatures 

(>700 °C), without combustion, with a controlled amount of oxygen and/or steam. 

Compost is organic matter that has been decomposed in a process called composting. This process 

recycles various organic materials otherwise regarded as waste products and produces a soil conditioner. 

Anaerobic digestion is the process by which organic matter such as animal or food waste is broken down 

to produce biogas and biofertiliser. This process happens in the absence of oxygen in a sealed, oxygen-

free tank called an anaerobic digeste. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



14 
 

4. References 
 

- http://www.biogen.co.uk/Anaerobic-Digestion/What-is-Anaerobic-

Digestion#:~:text=Anaerobic%20digestion%20is%20the%20process,tank%20called%20an%20an

aerobic%20digester. 

- https://www.slideshare.net/zeeu/hazardous-waste-13166303 

- https://www.epa.gov/hw/defining-hazardous-waste-listed-characteristic-and-mixed-radiological-

wastes 

- https://en.wikipedia.org/wiki/Waste 

- https://www.thebalancesmb.com/waste-treatment-and-disposal-methods-2878113 

- https://www.epa.gov/landfills/municipal-solid-waste-landfills 

- https://en.wikipedia.org/wiki/Gasification#:~:text=Gasification%20is%20a%20process%20that,o

f%20oxygen%20and%2For%20steam. 

- Waste Treatment and Disposal by Paul T. Williams 

-  

http://www.biogen.co.uk/Anaerobic-Digestion/What-is-Anaerobic-Digestion#:~:text=Anaerobic%20digestion%20is%20the%20process,tank%20called%20an%20anaerobic%20digester
http://www.biogen.co.uk/Anaerobic-Digestion/What-is-Anaerobic-Digestion#:~:text=Anaerobic%20digestion%20is%20the%20process,tank%20called%20an%20anaerobic%20digester
http://www.biogen.co.uk/Anaerobic-Digestion/What-is-Anaerobic-Digestion#:~:text=Anaerobic%20digestion%20is%20the%20process,tank%20called%20an%20anaerobic%20digester
https://www.slideshare.net/zeeu/hazardous-waste-13166303
https://www.epa.gov/hw/defining-hazardous-waste-listed-characteristic-and-mixed-radiological-wastes
https://www.epa.gov/hw/defining-hazardous-waste-listed-characteristic-and-mixed-radiological-wastes
https://en.wikipedia.org/wiki/Waste
https://www.thebalancesmb.com/waste-treatment-and-disposal-methods-2878113
https://www.epa.gov/landfills/municipal-solid-waste-landfills
https://en.wikipedia.org/wiki/Gasification#:~:text=Gasification%20is%20a%20process%20that,of%20oxygen%20and%2For%20steam
https://en.wikipedia.org/wiki/Gasification#:~:text=Gasification%20is%20a%20process%20that,of%20oxygen%20and%2For%20steam

