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During this week (Week-1) 
• Introduction to the course – Course Overview 



            about me… • Brajesh Dubey, PhD, FIE, C.Eng 
– B.Tech (Hons) in Civil Engg; IIT, Kharagpur, India 
– Worked as a consulting engineer at Engineers India Limited for 4 years, based 

in New Delhi 
– Graduate work leading to PhD from University of Florida in Environmental 

Engineering Sciences 
– Worked as Research Scientist in Florida for 2.5 years 
– Taught and did research in New Zealand (at UOA) for nearly 2 years 
– Faculty in USA and Canada for 6 years 
– Serving at IIT Kharagpur as Associate Professor since March 2015 
– http://scholar.google.ca/citations?user=gLXcah0AAAAJ 
– http://www.linkedin.com/pub/brajesh-dubey/0/883/716  
– https://twitter.com/wasteprof 

 
 

http://scholar.google.ca/citations?user=gLXcah0AAAAJ
http://www.linkedin.com/pub/brajesh-dubey/0/883/716
https://twitter.com/wasteprof








7 

INTEGRATED WASTE MANAGEMENT FOR A 
SMART CITY 

FOCUSSED ON MSW, C&D AND E-WASTE MANAGEMENT 

BRAJESH KUMAR DUBEY 
DEPARTMENT OF CIVIL ENGINEERING 































22 

INTEGRATED WASTE MANAGEMENT FOR A 
SMART CITY 

FOCUSSED ON MSW, C&D AND E-WASTE MANAGEMENT 

BRAJESH KUMAR DUBEY 
DEPARTMENT OF CIVIL ENGINEERING 





Case Study – Europe 

• EU Landfill Directive (1999/31/EC) aims to reduce 
biodegradable waste going to landfill by: 
– 25% in 2006 (2010) 
– 50% in 2009 (2013) 
– 65% in 2016 (2020) 

• Applies to all EU member countries 



Case Study – Europe 
• Despite the Landfill Directive, there are vast differences in waste diversion 

(including organic) between EU countries 
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 Source: Eurostat 
 MSW = Residential and ICI waste streams 



Case Study – Europe 
• Even with waste directive, diversion function of GDP 

 Source: Eurostat 
 MSW = Residential and ICI waste streams 
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Moving towards Resource Management 

RESOURCE MANAGEMENT 

WASTE MANAGEMENT WASTE PREVENTION 

Extraction 
Manufacturing 

Transport Distribution Purchasing 
Use 

 
Re-use 

Separate 
Collection 

 
Recycling 

Other treatment 
and recovery 

Reduction at source Sustainable consumption 

Avoided waste flows Diverted waste flows 

Waste Minimization 

Preparing for Re-use 

PRODUCTION CONSUMPTION END OF LIFE 



Basics guidelines 



Why Do We Care How Solid Waste is 
Regulated/Managed? 



Source: Brown, Michael, “Drums of Death”, 
Audubon, 120 July 1980. 



Source: Brown, Michael, “Drums of Death”, 
Audubon, 120 July 1980. 
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Integrated Waste Management 

Waste-to-Energy 

Recycling, Reusing, Composting Source Reduction 

Landfilling 



Source Reduction 
• Reduce material use in product manufacture 

 

• Increase useful life through durability and reparability 
 

• Decrease toxicity 
 

• Material reuse (pallets, containers, etc.) 
 

• Efficient consumer use of materials 



Source Reduction 
• EPA estimates that 50% of the waste quantity can be 

reduced with source reduction 
• Should not be a substitute of one problem for another 
• Packaging is 50% of waste volume and 1/3 of waste 

weight 
– Paper and plastics 
– Spend more on food packaging than farmers net income 
– Replace w/smaller, lighter, degradable material 



Recycling 
• Returning raw material to market 
• Pros: 

– Save precious resources 
– Lessens need for mining of virgin materials 
– Lowers environmental impact of mining/processing 
– Stretch landfill capacity 
– Improve efficiency of incinerators and composting 

facilities 
 

http://images.google.com/imgres?imgurl=http://www.bridgew.edu/Recycling/images/recycle.jpg&imgrefurl=http://www.bridgew.edu/Recycling/&h=432&w=450&sz=30&hl=en&start=37&tbnid=b09EOoI8eybRbM:&tbnh=122&tbnw=127&prev=/images?q=recycling&start=20&gbv=2&ndsp=20&svnum=10&hl=en&safe=active&sa=N


Recycling 
• Cons: 

– Poorly managed sites can result in Superfund sites 
• Waste oil recycling, newspaper de-inking, solvent and metal 

recycling 
• Can result in contamination of soil, groundwater, air  

– Require stable market 
– Only works if it is convenient  

• Curbside pick-up 
• Drop off centers 
• Mail back programs 



Composting 
• Natural decomposition of organic material 

– Need organic, water, oxygen 
– Not use preserved wood, human wastes, 

bones, meat, fat, certain weeds 
• Individual  
• Municipal 



Integrated Waste Management 

Waste-to-Energy 

Source Reduction 

Landfilling 

Recycling, Reusing, Composting 



Waste to Energy (Combustion) 
• There are three methods in which energy can 

be recovered from incineration processes; 
– Heat 
– Electricity  
– Cogeneration (harnessing of useful heat and 

electricity from one power plant) 



Waste to Energy (Combustion) 
 

• The two most common types of combustion 
that are used at these facilities are; 

 
– Mass Burning / Preparation 
– Combustion of Refuse Derived Fuel (RDF) 



Waste to Energy (Combustion) 
• Mass Burning / Preparation 

– MSW enters the facility and is inspected for the presence 
of non-combustible, hazardous, and explosive materials. 
These materials are separated from the waste stream 

– The waste stream is then fed into the combustion 
chamber along with forced air for “processing”. 

– Some of these facilities can process 3000 tons of MSW a 
day. They can however be scaled down to a smaller size if 
necessary 



Waste to Energy (Combustion) 
• Combustion of RDF; 

– All hazardous, iron containing or otherwise non-
combustible materials are removed from the 
waste stream. 

– The remainder of the waste stream is shredded 
– The material is then burned or further processed 

into pellets or cubes to be used as fuel in other 
furnaces 

– In some instanced the materials can be processed 
and packaged for re-sale to other facilities for use 
as fuel 



















Grates 







Ash Landfill 



Waste to Energy (Combustion) 
• What are some of the pros and cons of 

Combustion to Energy Operations? 
 
 

• What are some of the environmental impacts of 
these types of facilities? (both good and bad) 



Waste to Energy (Combustion) 
PROS: 
• Reduce volume of waste  
• Recover useful energy 

– Steam 
– Waste 

• Incinerator ash can be used in building material 
 
 



Waste to Energy (Combustion) 
CONS: 
• Cost 
• High degree of sophistication needed to operate 

safely and economically 
• Public perception of safety 

– Stack emissions 
– Toxicity of ash  
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Integrated Waste Management 

Waste-to-Energy 

Source Reduction Recycling, Reusing, Composting 

Landfilling 



Landfilling 
 50-70% of municipal solid waste is landfilled 
 Modern landfill vs traditional landfill 
 No longer take hazardous waste 
 Do not receive bulk liquids 
 Gas control systems 
 Liners 
 Leachate collection systems 
 Groundwater monitoring systems 
 Better sited 



Landfill Problems 
• Physical amount and disposal sites 
• Costs to collect, handle, and dispose 
• Litter 
• Odor 
• Insects (flies, cockroaches) & rodents 

– food  
– harborage 

• Resource lost 



What is a Landfill? 
• Concept fostered in early 20th century 
• An area of land that has solid waste deposited 

on it in such a quantity to noticeably change 
the surface elevation. 



Why to use a landfill? 



 



Potential Landfill Problems 
 

• Landfill can present problems with respect to: 
 
– Spread of disease 
– Odors 
– Fires 
 
– Contamination of groundwater 
– Gas emissions 

 Controlled by sanitary 
landfill techniques 

 Controlled by 
modern landfill design 



Sanitary Landfill 
• Landfills may be: 

– Excavated and filled 
– Fill existing depressions 
– Built up from the ground 
– A combination of above 

• Operate landfills in a 
controlled safe fashion 
– Use cover soil 
– Excavate cells 
– Compact the waste 
– Control access 

 



Modern Landfills are Engineered 
Structures 

• Designed to Contain Leachate and Minimize 
Release of Pollutants from the Landfill 



Leachate 
• Leachate is the liquid (or wastewater) that forms 

when water (rainfall, groundwater) travels 
through solid waste 

• Leachate can migrate into underlying 
groundwater, resulting in contamination 

• Leachate can contain many different chemicals, 
depending on what is in the solid waste 



Landfill Gas 
• Landfill gas consists primarily of methane and 

carbon dioxide 
 

• Results from the anaerobic decomposition of 
biodegradable solid wastes 



Typical Regulatory Requirements 

• Location restrictions 
– Airports 
– Wetlands 
– Fault lines 
– Unstable areas 
– Endangered species 



Typical Regulatory Requirements 

• Liners -- Low permeability barrier layers 
– Compacted soil (clay) 
– Geomembranes (plastic) 
– Composites of both 

• Liner keep leachate from migrating out of the 
landfill 

• Leachate must be collected and removed 



Single Liner System 
• One liner consisting of compacted soil or 

geomembrane 



Composite Liner 
• A single liner consisting of compacted soil and 

geomembrane in intimate contact 



Double Liner 
• A liner system with low permeability barrier 

layers with a leak detection system layer in 
between.  The upper and lower components 
are either compacted soil, geomembrane, or 
composite. 



Typical Composite Liner 
Single Composite Liner 

2 ft compacted soil 
K <= 10-7 cm/sec 

60 mil HDPE 
Geomembrane 

2 ft drainage material 
Designed to maintain 
less than 1ft head on liner 

1 mil = 0.001 inch  



3 ft compacted soil 
K <= 10-7 cm/sec 

HDPE Geomembrane 

2 ft drainage material 
Designed to maintain 
less than 1ft head on liner 
Geonet 
HDPE Geomembrane 

Double Liner 



Types of Geomembrane Materials 
• HDPE 
• PVC 
• VLDPE 
• PP 

 



Unloading Soil 









Grading Top - Roller 



















How do you Remove Leachate from 
the Landfill? 

• Drain as much as you can by gravity (liner 
system and pipes) 

• Pump from low points  
– Penetration through the liner 
– Pumps inside landfill 



Leachate Collection System 
• If leachate flow is intercepted or impeded by a 

liner, then it should be removed from the 
landfill by use of a leachate collection system.  
A leachate collection system is a high-
permeability layer designed to transmit 
leachate from the liner.  



How is Leachate Removed 

Liner is sloped ~ 2-8% 

Drainage 
Pipe 





What is a Geonet? 
• A synthetic (HDPE) material used for drainage 

of liquids.  It is a has transmissivity in the later 
direction. 







What is a Geotextile? 
• A geosynthetic textile that is used in many civil 

engineering applications.  It separates fine 
granular materials from coarse granular 
materials, plus it allows water to flow through.   
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