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Introduction: 

Solid wastes are all the discarded solid materials from municipal, industrial, and 

agricultural activities. 

The objective of solid wastes management (SWM) are to control, collect, process, utilize 

and dispose of solid wastes in an economical way consistent with the public health 

protection. 

Solid waste refers to the range of garbage materials—arising from animal and human 

activities—that are discarded as unwanted and useless. Solid waste is generated from 

industrial, residential, and commercial activities in a given area, and may be handled in a 

variety of ways. As such, landfills are typically classified as 

sanitary, municipal, construction and demolition, or industrial waste sites.  

Waste can be categorized based on material, such as plastic, paper, glass, metal, and 

organic waste. Categorization may also be based on hazard potential, including 

radioactive, flammable, infectious, toxic, or non-toxic wastes. Categories may also pertain 

to the origin of the waste, whether industrial, domestic, commercial, institutional, or 

construction and demolition. 

Regardless of the origin, content, or hazard potential, solid waste must be managed 

systematically to ensure environmental best practices. As solid waste management is a 

critical aspect of environmental hygiene, it must be incorporated into environmental 

planning. 

Solid waste management is defined as the discipline associated with control of 

generation, storage, collection, transport or transfer, processing and disposal of solid 

waste materials in a way that best addresses the range of public health, conservation, 

economic, aesthetic, engineering, and other environmental considerations. 
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In its scope, solid waste management includes planning, administrative, financial, 

engineering, and legal functions. Solutions might include complex inter-disciplinary 

relations among fields such as public health, city and regional planning, political science, 

geography, sociology, economics, communication and conservation, demography, 

engineering, and material sciences. 

Solid waste management practices can differ for residential and industrial producers, for 

urban and rural areas, and for developed and developing nations. The administration of 

non-hazardous waste in metropolitan areas is the job of local government authorities. On 

the other hand, the management of hazardous waste materials is typically the 

responsibility of those who generate it, as subject to local, national, and even 

international authorities. 

Objectives of Waste Management 

The primary goal of solid waste management is reducing and eliminating adverse impacts 

of waste materials on human health and the environment to support economic 

development and superior quality of life. This is to be done in the most efficient manner 

possible, to keep costs low and prevent waste buildup. 

6 Functional Elements of the Waste Management System: 

There are six functional components of the waste management system, as outlined 

below: 

1. Waste generation: This encompasses any activities involved in identifying materials 

that are no longer usable and are either gathered for systematic disposal or thrown 

away. 

2. Onsite handling, storage, and processing: This relates to activities at the point of 

waste generation, which facilitate easier collection. For example, waste bins are 

placed at sites that generate sufficient waste.  

3. Waste collection: A crucial phase of waste management, this includes activities such 

as placing waste collection bins, collecting waste from those bins, and accumulating 

trash in the location where the collection vehicles are emptied. Although the 

collection phase involves transportation, this is typically not the main stage of waste 

transportation.   

4. Waste transfer and transport: These are the activities involved in moving waste from 

the local waste collection locations to the regional waste disposal site in large waste 

transport vehicles. 

5. Waste processing and recovery: This refers to the facilities, equipment, and 

techniques employed to recover reusable or recyclable materials from the waste 
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stream and to improve the effectiveness of other functional elements of waste 

management. 

6. Disposal: The final stage of waste management. It involves the activities aimed at the 

systematic disposal of waste materials in locations such as landfills or waste-to-energy 

facilities.  

 

 Background 

While most of the focus in waste management is on municipal solid waste management, 

it is important to note that MSW is a small fraction of the total amount of waste 

generated. The Resource Conservation AND Recovery Act (RCRA) delineate two categories 

of waste: hazardous and nonhazardous waste. 

In the united states, 11.7 billion tons of wastes are generated each year, including about 

0.7 billion tons of hazardous waste and 11 billion tons of nonhazardous waste, most of 

that 11 billions tons is generated by industries during raw material extraction, material 

processing, and product manufacture, while less than 2% is municipal solid waste. 

Sources and classification    

Solid waste is a source of pollution that comes in importance after water Pollution and air 

pollution. Sources of solid wastes in a community are, in general, related to land use and 

zoning. The principal sources of solid waste are domestic (Residential), commercial, 

industrial, and agricultural activities. Although any number of source classifications can be 

developed, the following categories are the most important: 

             (1)  Residential, Commercial, Institutional. 

             (2)  Industrial. 

             (3)  Agricultural. 

             (4)  Hazardous waste 

Solid wastes are classified as: 

A- Garbage: it is produced during the preparation of meat, fruit, and vegetables. 

B- Rubbish: it is combustible or non- combustible solid waste. Combustible wastes 

include          paper, wood, scrap, rubber and leather. Non- combustible wastes 

include metals, glasses, ceramics etc. 

C- Pathological wastes: like dead animals and human waste. 

D- Industrial wastes: Chemicals, paints metal ore processing, sludge and fly ash. 
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Agricultural wastes: Farm animal and crop residues. 

The following table shows an example of the amount of solid waste that has to be 

disposed daily In Alexandria. 

Waste Generation and waste sources (base year 2000) 

 Residential waste and waste that is similar to 

residential waste 

tons/day m3/day 

1. Residential waste 1.642 5.400 

2. Market waste 1 (System A +B) 269 880 

3. Market waste 2 (System C) 188 600 

4. Commercial waste (shops, hotels, restaurants, ( 

System  A+ B) 
269 900 

5. Commercial waste (shops, hotels, restaurants 

System C) 

77 260 

6. Debrises & dust 136 230 

7. Waste from Harbor & Airport 20 70 

8. Offices & Governmental Buildings 133 450 

9. Medical  waste, similar to household waste 19 60 

10. Waste from gardens/parks 50 250 

11. Paper bin waste 30 200 

12. Waste from street sweeping 176 300 

13. Industry 1, similar to household 54 172 

Waste Generation and waste sources (base year 2000) 

Waste quantity during 

October - May 

3.063 9.772 

14. Waste from beach 

cleaning 

50 500 

15. Summer waste increase 483 1.550 

Waste quantity during June - 

September 

3.596 11.822 

B. Special wastes     

16. Medical  waste, 10 50 
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hazardous 

17. Waste from 

slaughterhouse 

1 5 

18. Industry 2, process 

specific waste 

587 1.875 

C. Total disposal 4.194 13.752 

 

Functional Elements of a Waste Management System: 

The activities involved in the solid waste management have grouped into six 

functional elements: 

1-   Waste generation. 

2-   On-site handling, storage and processing. 

3-   Collection. 

4-   Transfer and transport. 

5-   Processing and recovery. 

6-   Disposal. 

The interrelationship between the functional elements is shown in Fig 1. 

  1- Solid waste generation: 

Solid wastes include all solid or semisolid material that has no longer considered of 

sufficient value to be retained. 

Estimation of solid waste quantities: 

The quantity and general composition of the waste material that is generated is of 

critical importance in the design and operation of solid waste management. 

The load-count Analysis: In this method the quantity and composition of solid wastes 

are determined by recording the estimated volume and general composition of each 

load of waste delivered to a landfill or transfer station during a specified period of time. 

The total mass and mass distribution by composition is determined using average 

density data for each waste category. 
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Mass volume analysis is another method that is similar to the above method with the 

added feature that the mass of each load is also recorded. Unless the density of each 

waste category is determined separately, the mass distribution by composition must be 

derived using average density values Mass volume analysis is another method that is 

similar to the above method with the added feature that the mass of each load is also 

recorded. Unless the density of each waste category is determined separately, the mass 

distribution by composition must be derived using average density values. 

The factors that influence generation rate of municipal wastes include: geographic 

location, season of the year, collection frequency, use of kitchen waste grinders, 

characteristics pf populace, extent of salvaging and recycling, public attitude and 

legislation. 

 

  

Fig. 1: Interrelationship of functional elements comprising SWMS 

    2.1 On-site handling: 

On-site handling refers to the activities associated with the handling of solid wastes until 

they are placed in the containers used for their storage before collection. It may also be 

required to move loaded containers to the collection point and to return the empty 

containers to the point where they are stored between collections. 
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 2.2 On-site storage: 

 The factors that mast be considered in the on-site storage of solid wastes include 1- 

Type of containers. 2- The container location. 3- Public health and aesthetics. 4- The 

collection method. 

 Containers: 

 There are different types and capacities of containers commonly used for on-site 

storage of solid wastes. But because of increasing costs (labor, workers compensation, 

fuel and equipment costs) there is a strong movement toward the use of large 

containers that can be emptied mechanically using a vehicle equipped with an 

articulated pick-up mechanism. 

   Container locations: 

In newer residential areas, containers are placed by the side or rear of the house. Fig. (2) 

In old residential areas containers are placed in alleys. In high rise apartments storage 

containers are located in a basement or ground-floor service area. 

2.3 the processing of solid wastes: On-site. 

On site processing methods are used to recover usable materials from solid wastes, to 

reduce its volume or to alter its physical form. The most common on site processing 

operations include manual sorting, compaction and incineration. 

   3-Collection solid wastes: 

    Information of collection is presented in four parts: 

1-     The types of collection services. 

2-     The types of collection systems. 

3-     An analysis of collection system. 

4-     The general methodology involved in setting up collection routs. 

3-1 Collection services: 
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 For municipal solid wastes, the most common collection services are curb, alley and 

backyard collection. In future the use of large container that emptied mechanically by 

using a vehicle equipped with an articulated pickup mechanism will be the most common 

method. 

 The collection services provided to large apartment buildings, residential complexes, 

commercial and industrial activities typically in centered around the use of large movable 

and stationary containers and large stationary compactors. Compactors are of the type 

that can be used to compress material directly into large containers or to form bales that 

are then placed in large containers. 

  3-2   Types of collection systems: 

 Based on the mode of operation, collection systems are classified into two categories: 

Hauled- container system (HCS). 

Stationary container system (SCS). 

Hauled- container systems (HCS): 

 It is the collection systems in which the containers used for the storage wastes are hauled 

to the processing, transfer or disposal site, emptied and returned to the original point or 

to some other location. 

 There are two types of hauled container system: 1) tilt -frame container, 2) trash-trailer. 

Tilt-frame hauled container system has become widespread because of large volume that 

can be hauled but trash trailer is better for the collection of especially heavy rubbish. The 

application of both tilt -frame container and trash-trailer are similar, where, the collector 

is responsible for driving the vehicles, loading full containers, and unloading empty 

containers, and emptying the contents of the container at the disposal site. 

  Stationary container systems (SCS): 

It is the collection systems in which the containers used for the storage of wastes remain 

at the point of waste generation except when moved for collection. There are two types of 

stationary container systems: 1) self-loading collection vehicles equipped with 

compactors. 2) Manually loaded vehicles. 

Trips to the disposal site, transfer station or processing station are made after the content 

of the collection vehicle is full. 
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Figure 3.Examples of typical collection vehicles 

The operational tasks for the hauled container and stationary container systems are 

shown schematically in Fig (4). 
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Figure (4): Definition sketch for waste collection systems 
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  Analysis of collection system: 

 By separating the collection activities into unit operations, it is possible to develop 

design data and relationships that can be used to establish vehicles and labor 

requirements for the various collection systems. The activities involved in the collection 

of solid wastes can be resolved into four unit operations: pick-up, haul, at-site, and off-

routs. So, the time required per trip, which also correspond to the time required per 

container, is equal to the sum of pick-up, at-site and haul times. 

 Collection routs:  

Once the equipments and labor requirements have been determined, collection rout 

must be laid out to use the work force and the equipments effectively. The lay out of the 

collection routs are a four-step processes. 

First: prepare location maps with the data of the pick-up points, their locations, number 

of containers, collection frequency, if SCS system is used, and the estimated quantity of 

wastes to be collected at each pick-up collection. 

Second: Prepare data summaries; estimate the quantity of wastes to be collected from 

pick-up location. If SCS system is used, the number of locations that will be serviced 

during each pick-up cycle must be determined. 

Third: Lay-out preliminary collection routes starting from the dispatch station and ending 

at a location near to the disposal site. 

Fourth: Develop balance routes. Determine the labor requirements per day and check 

against the available work times per day.   

  Transfer and Transport: 

Transfer and transport refers to the mean, facilities, and appurtenances used to affect 

the   transfer of wastes from one location to another. 

   Small collection vehicles are transferred to larger vehicles that are used to transport 

the waste over extended distances to disposal sites. 

   It is very important to calculate the traveling period between the collection areas to the 

final disposal area. 
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   Depending on the method used to load the transport vehicles, transfer station may 

be classified into three types: 

1. Direct Discharge: The wastes in the collection vehicles are emptied directly into the 

vehicle to be used to transport them to a place of final disposal area. Used normally in 

the small communities. 

2. Storage Discharge: the wastes are emptied into storage area from which they are 

loaded into transport vehicles by auxiliary equipments. Then will be transfer to the 

final disposal sites. It is useful for the large communities. 

3. Combined of storage and direct Discharge: in some transfer station both methods are 

used to serve a broad range of users. In addition, it houses a material salvage 

operation. 

   Health, safety, and environmental requirements are needed in the transportation of 

solid waste. 

Processing and recovery 

 Separation of solid waste could be at the source or at the final stage before disposal of 

the solid waste. 

 Chemical and biological transformation processes are used to reduce the volume and 

weight of waste requiring disposal. 

 It is very important to separate the recyclable materials to reduce the volume of the 

waste disposal. 

Types of separation depend on the types of solid waste. Such as: 

1. Density separation: air classification is the unit operation used to separate light 

materials such as paper and plastic from the heavier materials such as ferrous metal, 

based on the weight difference of he material in an air stream. 

2.  Magnetic separation: magnetic separation is a unit operation whereby ferrous 

metals are separated from other waste materials by utilizing their magnetic 

properties. 

3. Engineering consideration involved in the implementation of waste separation 

include the  followings: 

 Selection of the materials to be separated. 

 Identification of the material specifications. 

 Development of separation process flow diagrams. 
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 Layout and design of the physical facilities. 

 Selection the equipments and facilities that will be used. 

 Environmental control. 

 Safety and healthy impact. 

Recycling: 

 After source reduction, the recovery of materials for recycling and composting is the next 

important component of integrated SWM program. 

   Definition : 

Resource recovery: means that the materials have not only been removed from the 

municipal waste stream, but also, purchased by an end user. The materials are recovered 

or recycled. 

Recycling include activities such as refilling bottles for reuse and remanufacturing products 

for resale to consumers but it is better to use  the term recycling only when materials are 

collected and used as raw materials for new products. The process of recycling includes 

collecting recyclables, separating them by type, processing them into new forms that are 

sold to manufacturers, and finally, purchasing and using goods made by reprocessed 

materials. Example for products that can be recycled and typical applications of the raw 

materials that are so produced, are illustrated in fig. (5) 
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Fig (5): Recyclable in the waste stream (Source: U.S. EPA, 1989) 

Composting: 

Yard trimming and food waste account for almost 25% of the mass of all municipal 

generated solid waste. Prior to the 1990s, essentially all of that ended up as discards sent 

to the landfill or incinerator. But as the life of landfills becomes critical, it is apparent that 

source reduction, recycling program and composting should be implemented. 

Composting is a term used to describe the aerobic degradation of organic materials under 

control conditions yielding a marketable soil amendment or mulch. 

Composting can be carefully controlled to shorten the composting time and space required 

and to minimize offensive odors. The end product is rich in organic matter but low in 

nutrients. 

The composting process can be carried out by spreading the domestic wastes in thin layers 

to a depth of 1.0 meter deep. The wastes are decomposed under aerobic conditions 

whereby decomposition is completed in a few months. 
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The composting process is affected by temperature, moisture, nutrients supply and 

availability of oxygen. Bacteria, fungi and microorganisms are the principal players in the 

decomposition process. 

Disposal 

Disposal on or in the earth mantel is the viable method for the long- term handling 

solid wastes. Sanitary land filling is the method of disposal used most commonly for 

municipal wastes. 

Land filling with solid waste 

Sanitary land filling: The controlled disposal of solid waste on the upper layer of the earth 

mantle in a manner the environmental hazards is minimized. Important technical aspects 

in the implementation of sanitary landfills include: 

1 - Site selection. 

2 - Land filling methods and operation. 

3 - Occurrence of gasses and leachate. 

4 - Movement and control of gases and leachate. 

1 Site selection: 

Available land area, haul distance, soil condition and topography, surface water hydrology, 

geologic and hydraulic condition, climatologic condition, local environmental condition 

and ultimate use of site are the factors that should be considered in evaluating potential 

solid-waste disposal sites. 

  2 – Land filling methods and operations: 

 The principal methods used for land filling dry areas may be classified as 

1- Area.                                  

2- 2- Trench.                                

3- 3- Depression. 

A. Area method: 
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 It is used when the terrain is unsuitable for excavation. The filling operation is started by: 

1. Building an earthen levee (berm) against which wastes are placed in thin layers. 

2. Each layer is compacted and covered with a thin layer of compacted soil (20cm) until 

the thickness of the compacted wastes reaches a height of 2-3 m. (See fig.6) 

3. A final cover of soil (15-30cm) is placed and compacted. 

4. A complete lift including the cover material is called a cell. 

5. Successive cells are placed on top of one another; a finial cover material is placed when 

the       fill reaches the final design height. 

 

Fig. (6) Area method of land filling solid wastes 

B. Trench method: 

 It is suitable for the site where the water table in well below the surface. The operation 

starts by: 

1. A portion of the trench is dug with a bulldozer and the dirt is stockpiled to form an 

embankment behind the first trench. 

2. Wastes are spread in thin layers and compacted until the desired height is reached. 

3. Cover material is obtained by excavating adjacent trench or continuing the trench that 

is being filled and the access to the site. 

C. Depression Method: 
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At locations where natural or artificial depressions exist, it is often possible to use them 

effectively for land filling operation. The techniques to place and compact solid wastes in 

depression landfills vary with the geometry of the site, the characteristics of the cover 

materials, the hydrology and geology of the site. 

Occurrence of gases and leachate in landfills: 

     When solid wastes are placed in a sanitary landfill, the following events take place: 

1.  Biological decay of organic materials, either aerobically or aerobically, with the 

evolution of gases. 

2.  Chemical oxidation of waste material. 

3.  Escape of gases from landfill. 

4.  Movement of liquids caused by differential head. 

5.  Dissolving of organic and inorganic materials by water and leachate moving 

through the fill. 

6.  Movement of dissolved material by concentration gradient material into voids. 

   Gases in landfills: 

Carbon dioxide (CO2) and methane (CH4) are the main gases produced by anaerobic 

decomposition of organic solid waste components. 

  Leachate in landfills: 

Leachate is defined as liquid that has percolated through solid waste and extracted 

dissolved or suspended material from it. The liquid portion of leachate is composed of the 

liquid produced from decomposition of the wastes and liquid that has entered the landfill 

from external sources such as rainfall, surface drainage and ground water. 

   4-Movement and control of gases and leachate  

  Gas movement: 

Under ideal conditions, the gases generated from landfills either vented to the air or, in 

larger landfills, collected to produce energy. 

In most cases, the gases generated from a solid waste decomposition consist of carbon 

dioxide and methane. If both gases vented to the air in an uncontrolled manner, methane 
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accumulate below building or enclosed spaces close to a sanitary landfill because its 

specific gravity is less than that of air. 

 

Because carbon dioxide is 1.5 times as dense as air and 2.8 times as dense as methane, it 

tends to move toward the bottom of the landfill. Ultimately, because of its density, it will 

also move downward through the under laying formation until it reaches the groundwater 

and dissolve in water lowering the PH which result in the hardness of water. 

 Control of gas movement: 

The movement of gases can be controlled by constructing vents, barriers and recovery 

wells. 

Gas vents are constructed of gravel. The spacing between vents varies from 18 to 60m 

depending on the width of the waste cells and the thickness of the vents varies between 

0.3 to 0.45m. 

Barriers or well vents: are also used to control the lateral movement of gases. 

Well vents : are used in conjunction with lateral - surface vents buried below grade in a 

gravel trench. 

 The prevention of the movement of gases through the adjacent soil formations can be 

achieved by constructing barriers of clay with thickness ranging from 0.15-1.25m. 

Solid-Waste Characteristics:  

Composition and properties 

The sources of solid waste include residential, commercial, institutional, and industrial 

activities. Certain types of wastes that cause immediate danger to exposed individuals 

or environments are classified as hazardous; these are discussed in the article hazardous-

waste management. All nonhazardous solid waste from a community that requires 

collection and transport to a processing or disposal site is called refuse or municipal solid 

waste (MSW). Refuse includes garbage and rubbish.  

 

Garbage is mostly decomposable food waste; rubbish is mostly dry material such as 

glass, paper, cloth, or wood. Garbage is highly putrescible or decomposable, whereas 

Downloaded from www.rgpvnotes.in

Page no: 18 Get real-time updates from RGPV

https://www.merriam-webster.com/dictionary/environments
https://www.britannica.com/technology/hazardous-waste-management
https://www.britannica.com/technology/hazardous-waste-management
https://www.merriam-webster.com/dictionary/community
https://www.britannica.com/technology/refuse-disposal-system
https://www.rgpvnotes.in
https://alerts.rgpvnotes.in/
https://www.rgpvnotes.in/


rubbish is not. Trash is rubbish that includes bulky items such as old refrigerators, 

couches, or large tree stumps. Trash requires special collection and handling. 

 

Another type of solid waste, perhaps the fastest-growing component in many developed 

countries, is electronic waste, or e-waste, which includes 

discarded computer equipment, televisions, telephones, and a variety of other electronic 

devices. Concern over this type of waste is escalating. Lead, mercury, and cadmium are 

among the materials of concern in electronic devices, and governmental policies may be 

required to regulate their recycling and disposal. 

 

 

Figure: Composition 

Generation and storage 

Rates of solid-waste generation vary widely. In the United States, for example, municipal 

refuse is generated at an average rate of approximately 2 kg (4.5 pounds) per person per 

day. Japan generates roughly half this amount, yet in Canada the rate is 2.7 kg (almost 6 

pounds) per person per day. In some developing countries the average rate can be lower 

than 0.5 kg (1 pound) per person per day. These data include refuse from commercial, 

institutional, and industrial as well as residential sources. The actual rates of refuse 

generation must be carefully determined when a community plans a solid-waste 

management project. 
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Most communities require household refuse to be stored in durable, easily cleaned 

containers with tight-fitting covers in order to minimize rodent or insect infestation and 

offensive odors. Galvanized metal or plastic containers of about 115-litre (30-gallon) 

capacity are commonly used, although some communities employ larger containers that 

can be mechanically lifted and emptied into collection trucks.  

 

Plastic bags are frequently used as liners or as disposable containers for curbside 

collection. Where large quantities of refuse are generated—such as at shopping centers, 

hotels, or apartment buildings—dumpsters may be used for temporary storage until the 

waste is collected. Some office and commercial buildings use on-site compactors to 

reduce the waste volume. 

Collecting and transporting 

Proper solid-waste collection is important for the protection of public health, safety, and 

environmental quality. It is a labour-intensive activity, accounting for approximately 

three-quarters of the total cost of solid-waste management. Public employees are often 

assigned to the task, but sometimes it is more economical for private companies to do 

the work under contract to the municipality or for private collectors to be paid by 

individual home owners. A driver and one or two loaders serve each collection vehicle. 

These are typically trucks of the enclosed, compacting type, with capacities up to 30 

cubic meters (40 cubic yards). Loading can be done from the front, rear, or side. 

Compaction reduces the volume of refuse in the truck to less than half of its loose 

volume. 

 

The task of selecting an optimal collection route is a complex problem, especially for 

large and densely populated cities. An optimal route is one that results in the most 

efficient use of labour and equipment, and selecting such a route requires the 

application of computer analyses that account for all the many design variables in a large 

and complex network. Variables include frequency of collection, haulage distance, type 

of service, and climate. Collection of refuse in rural areas can present a special problem, 

since the population densities are low, leading to high unit costs. 

Refuse collection usually occurs at least once per week because of the rapid 

decomposition of food waste. The amount of garbage in the refuse of an individual 

home can be reduced by garbage grinders, or garbage disposals. Ground garbage puts an 

extra load on sewerage systems, but this can usually be accommodated. 
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Many communities now conduct source separation and recycling programs, in which 

homeowners and businesses separate recyclable materials from garbage and place them 

in separate containers for collection. In addition, some communities have drop-off 

centers where residents can bring recyclables. 

Transfer stations 

If the final destination of the refuse is not near the community in which it is generated, 

one or more transfer stations may be necessary. A transfer station is a central facility 

where refuse from many collection vehicles is combined into a larger vehicle, such as a 

tractor-trailer unit. Open-top trailers are designed to carry about 76 cubic metres (100 

cubic yards) of uncompacted waste to a regional processing or disposal location. Closed 

compactor-type trailers are also available, but they must be equipped with ejector 

mechanisms. In a direct discharge type of station, several collection trucks empty 

directly into the transport vehicle. In a storage discharge type of station, refuse is first 

emptied into a storage pit or onto a platform, and then machinery is used to hoist or 

push the solid waste into the transport vehicle. Large transfer stations can handle more 

than 500 tons of refuse per day. 

Solid-Waste Treatment And Disposal 

Once collected, municipal solid waste may be treated in order to reduce the total 

volume and weight of material that requires final disposal. Treatment changes the form 

of the waste and makes it easier to handle. It can also serve to recover certain materials, 

as well as heat energy, for recycling or reuse. 

Composting 

Another method of treating municipal solid waste is composting, a biological process in 

which the organic portion of refuse is allowed to decompose under carefully controlled 

conditions. Microbes metabolize the organic waste material and reduce its volume by as 

much as 50 percent. The stabilized product is called compost or humus. It resembles 

potting soil in texture and odour and may be used as a soil conditioner or mulch. 

 

Composting offers a method of processing and recycling both garbage and 

sewage sludge in one operation. As more stringent environmental rules and siting 

constraints limit the use of solid-waste incineration and landfill options, the application 

of composting is likely to increase. The steps involved in the process include sorting and 

separating, size reduction, and digestion of the refuse. 
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Sorting and shredding 

The decomposable materials in refuse are isolated from glass, metal, and other inorganic 

items through sorting and separating operations. These are carried out mechanically, 

using differences in such physical characteristics of the refuse as size, density, and 

magnetic properties. Shredding or pulverizing reduces the size of the waste articles, 

resulting in a uniform mass of material. It is accomplished with hammer mills and rotary 

shredders. 

Digesting and processing 

Pulverized waste is ready for composting either by the open windrow method or in an 

enclosed mechanical facility. Windrows are long, low mounds of refuse. They are turned 

or mixed every few days to provide air for the microbes digesting the organics. 

Depending on moisture conditions, it may take five to eight weeks for complete 

digestion of the waste. Because of the metabolic action of aerobic bacteria, 

temperatures in an active compost pile reach about 65 °C (150 °F), killing pathogenic 

organisms that may be in the waste material. 

 

Open windrow composting requires relatively large land areas. Enclosed mechanical 

composting facilities can reduce land requirements by about 85 percent. Mechanical 

composting systems employ one or more closed tanks or digesters equipped with 

rotating vanes that mix and aerate the shredded waste. Complete digestion of the waste 

takes about one week. 

 

Sanitary landfill, method of controlled disposal of municipal solid waste (refuse) on land. 

The method was introduced in England in 1912 (where it is called controlled tipping). 

Waste is deposited in thin layers (up to 1 metre, or 3 feet) and promptly compacted by 

heavy machinery (e.g., bulldozers); several layers are placed and compacted on top of 

each other to form a refuse cell (up to 3 metres, or 10 feet, thick). At the end of each day 

the compacted refuse cell is covered with a layer of compacted soil to prevent odours 

and windblown debris. All modern landfill sites are carefully selected and prepared (e.g., 

sealed with impermeable synthetic bottom liners) to 

prevent pollution of groundwater or other environmental problems. When the landfill is 

completed, it is capped with a layer of clay or a synthetic liner in order to prevent water 

from entering. A final topsoil cover is placed, compacted, and graded, and various forms 

of vegetation may be planted in order to reclaim otherwise useless land—e.g., to fill 
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declivities to levels convenient for building parks, golf courses, or other suitable public 

projects. See also solid-waste management. 

 

 

Figure: Digesting and processing 

Constructing the landfill 

The basic element of a sanitary landfill is the refuse cell. This is a confined portion of the site 

in which refuse is spread and compacted in thin layers. Several layers may be compacted on 

top of one another to a maximum depth of about 3 metres (10 feet). The compacted refuse 

occupies about one-quarter of its original loose volume. At the end of each day’s operation, 
the refuse is covered with a layer of soil to eliminate windblown litter, odours, and insect or 

rodent problems. One refuse cell thus contains the daily volume of compacted refuse and soil 

cover. Several adjacent refuse cells make up a lift, and eventually a landfill may comprise two 

or more lifts stacked one on top of the other. The final cap for a completed landfill may also 

be covered with a layer of topsoil that can support vegetative growth. 
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Figure: Two methods of constructing a sanitary landfill. (The top and bottom liners and the 

leachate collection systems 

Controlling by-products: 

Organic material buried in a landfill decomposes by anaerobic microbial action. 

Complete decomposition usually takes more than 20 years. One of the by-products of 

this decomposition is methane gas. Methane is poisonous and explosive when diluted in 

the air, and it can flow long distances through porous layers of soil. If it is allowed to 

collect in basements or other confined areas, dangerous conditions may arise. In modern 

landfills, methane movement is controlled by impermeable barriers and by gas-venting 

systems. In some landfills the methane gas is collected and recovered for use as a fuel. 

 

A highly contaminated liquid called leachate is another by-product of decomposition in 

sanitary landfills. Most leachate is the result of runoff that infiltrates the refuse cells and 

comes in contact with decomposing garbage. If leachate reaches the groundwater or 

seeps out onto the ground surface, serious environmental pollution problems can occur, 

including the possible contamination of drinking-water supplies. Methods of controlling 

leachate include the interception of surface water in order to prevent it from entering 

the landfill and the use of impermeable liners or barriers between the waste and the 
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groundwater. New landfill sites should also be provided with groundwater-monitoring 

wells and leachate-collection and treatment systems. 

Importance in waste management: 

In communities where appropriate sites are available, sanitary landfills usually provide 

the most economical option for disposal of non recyclable refuse. However, it is 

becoming increasingly difficult to find sites that offer adequate capacity, accessibility, 

and environmental conditions. Nevertheless, landfills will always play a key role in solid-

waste management. It is not possible to recycle all components of solid waste, and there 

will always be residues from incineration and other treatment processes that will 

eventually require disposal underground. In addition, landfills can actually improve 

poor-quality land. In some communities properly completed landfills are converted into 

recreational parks, playgrounds, or golf courses. 

 

Characteristics of Solid Wastes:  

1. Physical 

2. chemical  

3. biological characteristics. 

1. Physical Characteristics 

Moisture content: 

 Moisture content is a critical determinant in the economic feasibility of waste 

treatment by incineration since energy must be supplied for evaporation of water and 

in raising the temperature of the water vapour. 

 Moisture content also plays an important role in other processing methods such as 

composting and anaerobic digestion. 

Particle size: 

 The measurement of the size distribution of particles in the waste stream is important 

because of its significance in the design of mechanical separators and shredders. 

 The results of the analysis are expressed in the manner used for the particle analysis 

of soils namely a plot of particles size against % less than a given value. 

Density: 

Downloaded from www.rgpvnotes.in

Page no: 25 Get real-time updates from RGPV

https://www.merriam-webster.com/dictionary/communities
https://www.rgpvnotes.in
https://alerts.rgpvnotes.in/
https://www.rgpvnotes.in/


 Knowledge of the density of waste i.e. mass per unit volume is essential for the design 

of all elements of the solid waste management system. 

 For example, in high-income countries, the considerable benefit is derived through the 

use of compaction vehicles on collection routes, because the waste is typical of low 

density. 

 However, in India and other developing countries such as Thailand, Indonesia etc. due 

to higher initial density the compaction ratio obtained rarely exceeds 1.5. 

Field capacity: 

 Field capacity of solid waste is total amount of moisture that can be retained in waste 

sample subject to downward pull of gravity. 

 Field capacity of critically important in determining the formation of leachate in 

landfills. 

 Water excess of field capacity can be released as leachate and field capacity varies 

with degree of applied pressure and state of decomposed moisture of waste. 

Permeability: 

The Hydraulic conductivity of compacted waste is an important physical property to a 

large extent governs movement of liquid and gases in landfill. 

2. Chemical Characteristics 

pH: 

A 5 gm portion of the powdered sample is mixed with 50 ml of distilled water by stirring 

and pH is then measured by a pH meter. The pH of fresh solid waste is normally around 

7. During decomposition it tends to become acidic and stabilized solid waste has an 

alkaline pH. 

Organic content: 

A 10 gm portion of the dried ground sample is placed in a silica dish and slowly heated in 

an electric furnace to 700 degree Celsius for 30 min. The residue is weighed and the loss 

of weight represents the organic content and is expressed as percent by weight. The 

knowledge of organic content helps assess the feasibility of biological processing-

composting and anaerobic digestion. 

Carbon content: 
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The carbon is determined by using the NewZeland formula in which the percent organic 

matter is divided by 1.724. 

Nitrogen content: 

Total nitrogen is obtained by Heyerdahl method and the phosphorous and potassium are 

estimated by using phosphoric and flame photo metric method. Nitrogen, phosphorous 

and potash values are important in composting. 

Toxicity: 

Toxicity characteristics include heavy metals, pesticides, insecticides etc. Heavy metals are 

present in municipal solid waste due to the waste from small scale industries. As some of the 

heavy metals leach out, testing for heavy metals is often carried out. Toxicity Characteristics 

Leaching Procedure (TCLP) test is invariably carried out if the waste is suspected to be toxic in 

nature. 

 Ultimate analysis 

 Proximate analysis 

3. Biological characteristics 

 Sold waste does not normally contain human intestinal parasites. 

 However, in India it is very commonly stored at collection points, where it is liable to 

come in contact with material containing these parasites. 

 In cities that do not have a water carriage system night soil is often deposited near 

sites where solid waste is also deposited, and since night soil often contains these 

parasite, they are easily transferred to solid waste. 

 Hence, the presence of human intestinal parasites needs to be examined. 

Understand the 3R Concept (Reduce-Reuse-Recycle): 

Basically, the 3R (Reduce-Reuse-Recycle) Concept is a sequence of steps on how to 

manage waste properly. The top priority is Reduce, which is to reduce waste generation, 

then Reuse, and then Recycle, to give waste material a second chance before disposing 

them to the landfill. Along time, the 5R Concept is introduced after the 3R concept. 2 

more stages of waste management process are added in the 5R Concept: the first being 

Recover, restoring materials that can no longer be recycled into energy sources / 

environmentally friendly materials to avoid them from landfill. The last stage is Disposal, 

which is the allocation of garbage that can no longer be recycled or restored at the 

landfill 
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The waste hierarchy consists of 3 R’s as follows: 

a) Reduce 

b) Reuse 

c) Recycle 

Called the “three R’s” of waste management, this waste hierarchy is the guidance 

suggested for creating a sustainable life. You might be wondering as to how can you 

incorporate these principles in your daily life. They are not hard to implement. All you 

need is to bring a small change in your daily lifestyle to reduce waste so that less amount 

of it goes to the landfill that can reduce your carbon footprint. 

A. The First ‘R’ – Reduce 

The concept of reducing what is produced and what is consumed is essential to the waste 

hierarchy. The logic behind it is simple to understand – if there is less waste, then there is 

less to recycle or reuse. The process of reducing begins with an examination of what you 

are using, and what it is used for. There are three simple steps to assessing the reduction 

value of an item or process – 

 Is there something else that can be used for this purpose? Using multi-use items is 

essential to beginning reduction. One example would be a coffeepot and a 

cappuccino maker. Both of them do distinctly different things, but you can buy a 

coffeepot that has a steaming attachment on it so it can do both. The purchase of the 

one item means that you don’t use two. It reduces the amount of production, and 
the amount of waste packaging material that will be generated. 

 Is this something that needs to be done? A lot of our waste material comes from 

items that are considered to be “disposable.” Not in the sense that you use 
something once and then throw it away, that can actually be a part of environmental 

responsibility when you are working with medical items – disposable in this sense 

means whether or not what the item allows you to do has any real meaning or 

purpose. 

 Is the item a part of something that you need to do, or want to do in your life? There 

is a limit to what you need to be prepared for in life. Chances are you won’t need a 
car that is equipped to handle a sandstorm in the desert. Buying one encourages 

production, wastes your resources and creates more generative waste than you can 

imagine. Always make sure that what you consume, or keep in your life as 

preparation – matches the reality of potential opportunity in your life. 
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Here are some of things you can do to reduce the waste: 

1. Print on both sides of the paper to reduce paper wastage. 

2. Use electronic mail to reach out to people instead of sending paper mail. 

3. Remove your name from the mailing lists that you no longer want to receive. 

4. Use cloth napkins instead of paper napkins. 

5. Avoid using disposable plates, spoons, glass, cups and napkins. They add to the 

problem and result in large amount of waste. 

6. Avoid buying items that are over-packaged with foil, paper, and plastic. This excess 

packaging goes to waste. 

7. Buy durable goods that have long warranty. They generally run longer and save 

landfill space. 

 

Number 3 deals with the problems created by living within a culture of consumerism. This 

type of consumption driven culture also makes fulfilling the second “R” difficult, but it is 
getting easier to do. 

B. The Second ‘R’ – Reuse 

You may have a box of things you keep that are broken or that you don’t have a use for 
that you hang on to in-case you find another use for them; or you may find bargains on 

old furniture or go trash picking and get things that you can refinish – in either case you 

are working towards reusing the item. Learning to reuse items, or re-purpose them for a 

use different then what they are intended for is essential in waste hierarchy. 

One of the best examples for how this is being done today is the modular construction of 

homes and office buildings that is being created out of discarded shipping containers. 

These large, semi-truck sized metal containers represent a huge waste problem. 

Repurposing them as homes and offices saves them from the landfills and doesn’t 
require the additional expenditure of nature resources to melt down and reconfigure the 

metals used to create them. 

You may either reuse those items for your own use or donate so that others can use 

them. You can reuse below items like: 

 Old jars and pots: Old jars and pots can be used to store items in kitchen. They can 

also be used to store loose items together such as computer wires. 

 Tyres: Old tyres can either be sent to recycling station or can be used to make Tyre-

swing. 
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 Used wood: Used wood can be used as firewood or can be used wood crafts. 

 Newspaper: Old newspapers can be used to pack items when you’re planning to 
move to another home or store old items. 

 Envelopes: Old and waste envelopes can be used by children to make short notes. 

 Waste paper: Waste paper can be used to make notes and sketches and can be 

send to recycling center when you don’t need them anymore. 
 

Items that can be donated to others include: 

1. Old books: Your old books can be used by poor children or can be donated to public 

libraries. 

2. Old clothes: Your unwanted clothes can be used by street children or can be donated 

to charity institutions. 

3. Old electric equipment: Old electric equipment can be donated to schools or NGO’s so 
that they can use them. 

4. Rechargeable batteries: Rechargeable batteries can be used again and again and helps 

to reduce unnecessary wastage as opposed to regular batteries. 

Apart from this, you can build a compost bin and reuse many waste items like used tea bags. 

The waste then degrades and turns into compost that help your plants grow and shine. 

C. The Third ‘R’ – Recycling 

The last stage of the waste hierarchy is to recycle. To recycle something means that it 

will be transformed again into a raw material that can be shaped into a new item. There 

are very few materials on the earth that cannot be recycled. One of the issues facing 

communities that want to become more involved with a recycling effort is that while the 

relying collection and sorting process may be affordable to implement, there still has to 

be a facility to receive and transform the discarded waste into a raw material. More 

progress is being made toward uniting recycling plants with industries that can process 

the waste material through agreements and incentive credits. 
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One needs to learn as to what products can be recycled and what not. By carefully 

choosing the products that can be recycled, can be a first step towards efficient 

recycling. 

1. Buy products from market that are made up of recycled materials i.e. the product 

should be environment friendly. 

2. Buy products that can be recycled such as glass jars. 

3. Invent new ways to recycle different items. 

4. Avoid buying hazardous materials that could pose difficulty for you to recycle. Buy 

non-toxic products, whenever possible. 

5. Buy products that have been made from recycled material. 

6. Use recycled paper for printing or making paper handicrafts. 

The Reversed Triangle 5R Waste Management Concept: 

 

 

Figure: 5R Waste Management 
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According to Law 18 of 2008 concerning Waste Management, TPA (Tempat Pengelolaan 

Sampah – landfill) is a place to safely process and return waste to the environment in the 

safest and environmentally friendly way, both for humans and the environment itself. In fact, 

most Indonesians still consider TPA as a final disposal site for all kind of waste. 

 

Regarding the waste reduction effort that ended in the TPA/landfill, a long time, the existing 

3R concept developed into the 5R reversed triangle concept (Reduce-Reuse-Recycle-

Recovery-Disposal) with the following details: 

 

 Reduce – reduce waste generation from the start by bringing your own shopping bags, 

using products that can be used repeatedly, and so on 

 Reuse – reuse materials that can and are safe to be reused, one of them is by making 

handicrafts or through the up cycling process 

 Recycle – recycling waste by melting, chopping to be re-formed into new products that 

most likely to experience a decline in quality 

 Recovery – when it cannot be recycled, then find a way to produce energy or new 

material by processing the non-recyclable waste (residue) 

 Disposal – waste byproducts from the recovery process which are generally in the form of 

ash or other waste material are taken to the landfill to be processed so as not to damage 

the environment. 
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We hope you find these notes useful. 

You can get previous year question papers at  

https://qp.rgpvnotes.in . 

 

If you have any queries or you want to submit your 

study notes please write us at 

rgpvnotes.in@gmail.com 
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