
Error! Reference 
source not found. 

Biorenewable Insights 
Municipal Solid Waste 

i 

A01392.0016.4030 

Biorenewable Insights 
Municipal Solid Waste 

Table of Contents 

A Report by NexantThinking™  

Published June 2016 

www.nexantthinking.com 
 

Section Page 

1 Executive Summary ...............................................................................................................  1 

1.1 INTRODUCTION .......................................................................................................  1 

1.2 COLLECTION AND SORTING .................................................................................  1 

1.2.1 Material Recovery Facilities (MRFs) ............................................................  1 

1.3 WASTE MANAGEMENT TECHNOLOGIES .............................................................  2 

1.4 ECONOMICS ............................................................................................................  3 

1.4.1 Tipping Fees .................................................................................................  3 

1.4.2 Disposal Economics .....................................................................................  3 

1.5 REGIONAL CREATION AND DISPOSAL ................................................................  5 

1.5.1 Global Overview ...........................................................................................  5 

2 Introduction .............................................................................................................................  8 

2.1 DEFINITIONS ............................................................................................................  8 

2.2 MSW - AN IMPORTANT RESOURCE ......................................................................  9 

2.2.1 Environmental Drivers ..................................................................................  10 

2.2.2 Economic Drivers .........................................................................................  11 

2.2.3 Policy Drivers ...............................................................................................  12 

3 MSW Collection and Sorting Technologies ............................................................................  16 

3.1 COLLECTION METHODS ........................................................................................  16 

3.1.1 Collection of Source Separated Materials ....................................................  17 

3.2 SEPARATION TECHNOLOGIES .............................................................................  19 

3.2.1 Manual Separation .......................................................................................  19 

3.2.2 Material Recovery Facilities (MRFs) ............................................................  21 

4 Waste Management Technologies .........................................................................................  35 

4.1 WASTE MANAGEMENT FUNDAMENTALS ............................................................  35 

4.1.1 Waste Recovery – The Fourth ‘R’ ................................................................  36 



Municipal Solid Waste  June 2016 Report Contents 

Error! Reference 
source not found. 

Biorenewable Insights 
Municipal Solid Waste 

ii 

A01392.0016.4030 

4.2 RECYCLING .............................................................................................................  37 

4.2.1 Plastics .........................................................................................................  37 

4.2.2 Metals ...........................................................................................................  38 

4.2.3 Glass ............................................................................................................  38 

4.2.4 Paper ............................................................................................................  38 

4.2.5 RDF ..............................................................................................................  39 

4.3 WASTE TO CHEMICALS/FUELS .............................................................................  41 

4.3.1 Gasification – Overview................................................................................  41 

4.3.2 Pyrolysis – Overview ....................................................................................  41 

4.3.3 Fermentation – Overview .............................................................................  42 

4.3.4 Transesterification – Overview .....................................................................  42 

4.4 ANAEROBIC DIGESTION (AD) - OVERVIEW .........................................................  43 

4.5 AEROBIC COMPOSTING.........................................................................................  43 

4.5.1 Technology ...................................................................................................  44 

4.6 MASS BURN/INCINERATION/WASTE-TO-ENERGY (WTE) ..................................  48 

4.7 LANDFILLING/DUMPING .........................................................................................  50 

4.7.1 Types of Landfills/Dumps .............................................................................  50 

5 Economic Assessment ...........................................................................................................  54 

5.1 TIPPING FEES ..........................................................................................................  54 

5.2 ECONOMICS OF DISPOSAL CONFIGURATIONS .................................................  57 

5.2.1 Methodology .................................................................................................  57 

5.2.2 Regional Overview .......................................................................................  65 

5.2.3 Material Recovery Facility ............................................................................  68 

5.2.4 Material Recovery Facility with Green Waste Composting ..........................  71 

5.2.5 Material Recovery Facility with Energy Generation from RDF.....................  74 

5.2.6 Material Recovery Facility with Green Waste Composting and Energy 

Generation from RDF ...................................................................................  77 

5.2.7 Incineration with Energy Recovery ...............................................................  81 

5.2.8 Composting of Source Separated Green Waste ..........................................  84 

6 Regional Creation and Disposal .............................................................................................  88 

6.1 INTRODUCTION AND METHODOLOGY .................................................................  88 

6.1.1 Data Set .......................................................................................................  88 

6.2 GLOBAL OVERVIEW ................................................................................................  92 

6.2.1 By Region .....................................................................................................  92 

6.2.2 By Income Level ...........................................................................................  93 



Municipal Solid Waste  June 2016 Report Contents 

Error! Reference 
source not found. 

Biorenewable Insights 
Municipal Solid Waste 

iii 

A01392.0016.4030 

6.3 NORTH AMERICA ....................................................................................................  99 

6.3.1 By Country ....................................................................................................  100 

6.3.2 By Income Level ...........................................................................................  103 

6.4 WESTERN EUROPE ................................................................................................  105 

6.4.1 By Country ....................................................................................................  106 

6.4.2 By Income Level ...........................................................................................  110 

6.5 ASIA PACIFIC ...........................................................................................................  112 

6.5.1 By Country ....................................................................................................  113 

6.5.2 By Income Level ...........................................................................................  117 

6.6 MIDDLE EAST ..........................................................................................................  120 

6.6.1 By Country ....................................................................................................  121 

6.7 SOUTH AMERICA ....................................................................................................  127 

6.7.1 By Country ....................................................................................................  128 

6.7.2 By Income Level ...........................................................................................  129 

6.8 AFRICA .....................................................................................................................  133 

6.8.1 By Country ....................................................................................................  134 

6.8.2 By Income Level ...........................................................................................  135 

6.9 OTHER EUROPE ......................................................................................................  138 

6.9.1 By Country ....................................................................................................  139 

6.9.2 By Income Level ...........................................................................................  140 

7 References .............................................................................................................................  142 

  

 

Appendix Page 
 

A Cost Estimates for Other Regions ..........................................................................................  A-1 

 

 

  



Municipal Solid Waste  June 2016 Report Contents 

Error! Reference 
source not found. 

Biorenewable Insights 
Municipal Solid Waste 

iv 

A01392.0016.4030 

Figure Page 
 

1.1 Block Diagram of a MRF System ...........................................................................................  2 

1.2 Waste Management Hierarchy ...............................................................................................  3 

1.3 Economic Competitiveness of Various Waste Disposal Configurations, Globally .................  4 

1.4 Global Waste Generation by Region ......................................................................................  6 

1.5 Global Waste Generation per Capita by Region ....................................................................  6 

1.6 Global Waste Generation by Income Level ............................................................................  7 

1.7 Global Waste Generation per Capita by Income Level ..........................................................  7 

2.1 Inputs and Outputs of Waste Management Process .............................................................  10 

3.1 MSW Collection Efficiencies Based on Income Level ............................................................  17 

3.2 A Public Recycling Site ..........................................................................................................  18 

3.3 Waste Collectors, India and China .........................................................................................  19 

3.4 Manual Sorting Plastic Waste ................................................................................................  20 

3.5 Stages of Recycling Collection in India ..................................................................................  21 

3.6 Semi-Mechanized MRF ..........................................................................................................  22 

3.7 “Clean” versus “Dirty” MRFs ...................................................................................................  23 

3.8 Block Diagram of a Typical MRF System ...............................................................................  23 

3.9 MRF Non-Ferrous Metals Segregation – Eddy Currents .......................................................  24 

3.10 ZWE’s BHS (Bulk Handling Systems) Typical MRF Equipment ............................................  28 

3.11 GK MSW Sorting Solutions ....................................................................................................  30 

3.12 Tomra Autosort Design ..........................................................................................................  31 

3.13 EMS Recycling Plant ..............................................................................................................  32 

4.1 Waste Management Hierarchy ...............................................................................................  35 

4.2 Waste Conversion Technologies ...........................................................................................  36 

2.6 Grinding and Pellet Making ....................................................................................................  37 

4.4 Windrow Composting .............................................................................................................  44 

4.5 Phases of Thermophilic Composting .....................................................................................  45 

4.6 Catabolic Pathway of Aerobic Digestion ................................................................................  46 

4.7  Schematic of WTE Mass Burn Facility ...................................................................................  49 

4.8 Modern Sanitary Landfill .........................................................................................................  51 

4.9 Landfill Design Steps ..............................................................................................................  52 

4.10 A Typical Open Dump Site .....................................................................................................  53 

5.1 U.S. MSW Landfill Tipping Fees by Year ...............................................................................  54 

5.2 Material Balance for a Dirty MRF ...........................................................................................  64 

5.3 Waste Management Economics in the United States ............................................................  65 



Municipal Solid Waste  June 2016 Report Contents 

Error! Reference 
source not found. 

Biorenewable Insights 
Municipal Solid Waste 

v 

A01392.0016.4030 

5.4 Waste Management Economics in China ..............................................................................  66 

5.5 Waste Management Economics in Brazil ...............................................................................  67 

5.6 Waste Management Economics in Western Europe .............................................................  68 

5.7 Regional MRF Economics ......................................................................................................  70 

5.8 Sensitivity of MRF Economics to Tipping Fee ........................................................................  70 

5.9 Sensitivity of MRF Economics to Byproduct Credit ................................................................  71 

5.10 Regional MRF Economics with Green Waste Composting ....................................................  73 

5.11 Sensitivity of MRF Economics with Green Waste Composting to Tipping Fee .....................  73 

5.12 Sensitivity of MRF Economics with Green Waste Composting to Byproduct Credit ..............  74 

5.13 Regional MRF Economics with Energy Generation from RDF ..............................................  76 

5.14 Sensitivity of MRF Economics with Energy Generation from RDF to Tipping Fee ................  77 

5.15 Sensitivity of MRF Economics with Energy Generation from RDF to Byproduct Credit ........  77 

5.16 Regional MRF Economics with Green Waste Composting and Energy Generation from 

RDF ........................................................................................................................................  79 

5.17 Sensitivity of MRF Economics with Green Waste Composting and Energy Generation 

from RDF to Tipping Fee ........................................................................................................  80 

5.18 Sensitivity of MRF Economics with Green Waste Composting and Energy Generation 

from RDF to Byproduct Credit ................................................................................................  80 

5.19 Regional Economics of Incineration with Energy Recovery ...................................................  83 

5.20 Sensitivity of Incineration Economics with Energy Recovery to Tipping Fee ........................  84 

5.21 Sensitivity of Incineration Economics with Energy Recovery to Byproduct Credit .................  84 

5.22 Regional Composting Economics of Source Separated Green Waste ..................................  86 

5.23 Sensitivity of Composting Economics of Source Separated Green Waste to Tipping Fee....  87 

6.1 Global Waste Generation by Region ......................................................................................  92 

6.2 Global Waste Generation per Capita by Region ....................................................................  93 

6.3 Global Income Distribution .....................................................................................................  94 

6.4 Global Waste Generation by Income Level ............................................................................  94 

6.5 Global Waste Generation per Capita by Income Level ..........................................................  95 

6.6 High Income MSW Composition ............................................................................................  96 

6.7 High Income MSW Disposal...................................................................................................  96 

6.8 Upper-Middle Income MSW Composition ..............................................................................  97 

6.9 Upper-Middle Income MSW Disposal ....................................................................................  97 

6.10 Lower-Middle Income MSW Composition ..............................................................................  98 

6.11 Lower-Middle Income MSW Disposal ....................................................................................  98 

6.12 Low Income MSW Composition .............................................................................................  99 

6.13 Average North American MSW Composition .........................................................................  99 



Municipal Solid Waste  June 2016 Report Contents 

Error! Reference 
source not found. 

Biorenewable Insights 
Municipal Solid Waste 

vi 

A01392.0016.4030 

6.14 MSW Disposal in North America ............................................................................................  100 

6.15 Waste Generation in North America by Country ....................................................................  100 

6.16 Waste Generation per Capita in North America by Country ..................................................  101 

6.17 Average MSW Compositions in the United States .................................................................  101 

6.18 MSW Disposal in the United States .......................................................................................  102 

6.19 Average MSW Compositions in Mexico .................................................................................  102 

6.20 MSW Disposal in Mexico ........................................................................................................  103 

6.21 Income Levels in North America ............................................................................................  103 

6.22 Waste Generation in North America by Income Level ...........................................................  104 

6.23 Waste Generation per Capita in North America by Income Level .........................................  104 

6.24 High Income North America MSW Composition ....................................................................  105 

6.25 High Income North America MSW Disposal ..........................................................................  105 

6.26 Average Western Europe MSW Composition ........................................................................  106 

6.27 MSW Disposal in Western Europe .........................................................................................  106 

6.28 Waste Generation in Western Europe by Country .................................................................  107 

6.29 Waste Generation per Capita in Western Europe by Country ...............................................  107 

6.30 Average MSW Compositions in Germany ..............................................................................  108 

6.31 Average MSW Compositions in France .................................................................................  108 

6.32 Average MSW Compositions in Italy ......................................................................................  109 

6.33 MSW Disposal in Italy ............................................................................................................  109 

6.34 Average MSW Compositions in Spain ...................................................................................  110 

6.35 MSW Disposal in Spain ..........................................................................................................  110 

6.36 Income Levels in Western Europe .........................................................................................  111 

6.37 Waste Generation in Western Europe by Income Level ........................................................  111 

6.38 Waste Generation per Capita in Western Europe by Income Level ......................................  111 

6.39 High Income Western Europe MSW Composition .................................................................  112 

6.40 High Income Western Europe MSW Disposal .......................................................................  112 

6.41 Average Asia Pacific MSW Composition ...............................................................................  113 

6.42 MSW Disposal in Asia Pacific ................................................................................................  113 

6.43 Waste Generation in Asia Pacific by Country ........................................................................  114 

6.44 Waste Generation per Capita in Asia Pacific by Country .......................................................  114 

6.45 Average MSW Compositions in Japan ...................................................................................  115 

6.46 MSW Disposal in Japan .........................................................................................................  115 

6.47 Average MSW Compositions in Indonesia .............................................................................  116 

6.48 Average MSW Compositions in South Korea ........................................................................  116 



Municipal Solid Waste  June 2016 Report Contents 

Error! Reference 
source not found. 

Biorenewable Insights 
Municipal Solid Waste 

vii 

A01392.0016.4030 

6.49 MSW Disposal in South Korea ...............................................................................................  117 

6.50 Income Levels in Asia Pacific .................................................................................................  117 

6.51 Waste Generation in Asia Pacific by Income Level................................................................  118 

6.52 Waste Generation per Capita in Asia Pacific by Income Level ..............................................  118 

6.53 High Income Asia Pacific MSW Composition .........................................................................  119 

6.54 High Income Asia Pacific MSW Disposal ...............................................................................  119 

6.55 Lower-Middle Income Asia Pacific MSW Composition ..........................................................  120 

6.56 Low Income Asia Pacific MSW Composition .........................................................................  120 

6.57 Average Middle East MSW Composition ...............................................................................  121 

6.58 MSW Disposal in Middle East ................................................................................................  121 

6.59 Waste Generation in the Middle East by Country ..................................................................  122 

6.60 Waste Generation per Capita in the Middle East by Country ................................................  122 

6.61 Income Levels in the Middle East ..........................................................................................  123 

6.62 Waste Generation in the Middle East by Income Level .........................................................  123 

6.63 Waste Generation per Capita in the Middle East by Income Level .......................................  124 

6.64 High Income Middle East MSW Composition ........................................................................  124 

6.65 High Income Middle East MSW Disposal ...............................................................................  125 

6.66 Upper-Middle Income Middle East MSW Composition ..........................................................  125 

6.67 Upper-Middle Income Middle East MSW Disposal ................................................................  126 

6.68 Lower-Middle Income Middle East MSW Composition ..........................................................  126 

6.69 Lower-Middle Income Middle East MSW Disposal ................................................................  127 

6.70 Low Income Middle East MSW Composition .........................................................................  127 

6.71 Average South America MSW Composition ..........................................................................  128 

6.72 MSW Disposal in South America ...........................................................................................  128 

6.73 Waste Generation in South America by Country ...................................................................  129 

6.74 Waste Generation per Capita in South America by Country ..................................................  129 

6.75 Income Levels in South America ............................................................................................  130 

6.76 Waste Generation in South America by Income Level ..........................................................  130 

6.77 Waste Generation per Capita in South America by Income Level .........................................  131 

6.78 Upper-Middle Income South America MSW Composition .....................................................  131 

6.79 Upper-Middle Income South America MSW Disposal ...........................................................  132 

6.80 Lower-Middle Income South America MSW Composition .....................................................  132 

6.81 Lower-Middle Income South America MSW Disposal ...........................................................  133 

6.82 Average Africa MSW Composition .........................................................................................  133 

6.83 MSW Disposal in Africa ..........................................................................................................  134 



Municipal Solid Waste  June 2016 Report Contents 

Error! Reference 
source not found. 

Biorenewable Insights 
Municipal Solid Waste 

viii 

A01392.0016.4030 

6.84 Waste Generation in Africa by Country ..................................................................................  134 

6.85 Waste Generation per Capita in Africa by Country ................................................................  135 

6.86 Income Levels in Africa ..........................................................................................................  135 

6.87 Waste Generation in Africa by Income Level .........................................................................  136 

6.88 Waste Generation per Capita in Africa by Income Level .......................................................  136 

6.89 Lower-Middle Income Africa MSW Composition ....................................................................  137 

6.90 Lower-Middle Income Africa MSW Disposal ..........................................................................  137 

6.91 Low Income Africa MSW Composition ...................................................................................  138 

6.92 Average Western Central and Eastern Europe MSW Composition .......................................  138 

6.93 MSW Disposal in Central and Eastern Europe ......................................................................  139 

6.94 Waste Generation in Central and Eastern Europe by Country ..............................................  139 

6.95 Waste Generation per Capita in Central and Eastern Europe by Country ............................  140 

6.96 Income Levels in Central and Eastern Europe.......................................................................  140 

6.97 Waste Generation in Central and Eastern Europe by Income Level .....................................  141 

6.98 Waste Generation per Capita in Central and Eastern Europe by Income Level ....................  141 

 

 

  



Municipal Solid Waste  June 2016 Report Contents 

Error! Reference 
source not found. 

Biorenewable Insights 
Municipal Solid Waste 

ix 

A01392.0016.4030 

Table Page 
 

2.1 Waste Types and Typical Components .................................................................................  9 

2.2 GHG Benefits Associated MSW Recovery ............................................................................  11 

2.3 Estimated Solid Waste Management Costs for 2010 and 2025 ............................................  12 

4.1 Types of RDF .........................................................................................................................  39 

4.2 RDF from MSW Components.................................................................................................  40 

4.3 Landfill Classifications ............................................................................................................  50 

5.1 U.S. Landfill Tipping Fees ......................................................................................................  55 

5.2 Landfill Tipping Fees in Europe by Country ...........................................................................  56 

5.3 Cost Estimate for MRF ...........................................................................................................  69 

5.4 Cost Estimate for MRF with Green Waste Composting .........................................................  72 

5.5 Cost Estimate for MRF with Energy Generation from RDF ...................................................  75 

5.6 Cost Estimate for MRF with Green Waste Composting and Energy Generation from 

RDF ........................................................................................................................................  78 

5.7 Cost Estimate for Incineration with Energy Recovery ............................................................  82 

5.8 Cost Estimate for Composting of Source Separated Green Waste .......................................  85 

6.1 Waste Types and Typical Components .................................................................................  88 

6.2 Income Categories for Countries ...........................................................................................  89 

6.3 Data Inclusion Information ......................................................................................................  89 

 

 



Municipal Solid Waste  June 2016 Report Contents 

 

Biorenewable Insights 
  Municipal Solid Waste 

10 

A01392.0016.4030 

 

NexantThinking™ 
Biorenewable Insights 

 

  
 

Nexant, Inc. (www.nexanthing.com) is a leading management consultancy to the 
global energy, chemical, and related industries. For over 38 years, Nexant has 
helped clients increase business value through assistance in all aspects of 
business strategy, including business intelligence, project feasibility and 
implementation, operational improvement, portfolio planning, and growth through 
M&A activities. Nexant has its main offices in San Francisco (California), White 
Plains (New York), and London (UK), and satellite offices worldwide. 

 
 

Contact Details: 
 

New York:  Steven Slome 
Phone: + 1-914-609-0379, e-mail: sslome@nexant.com 
 
New York: Heidi Junker Coleman, Global Programs Support Manager 
Phone: + 1-914-609-0381, e-mail: hcoleman@nexant.com 
 

Nexant, Inc. (www.nexant.com) is a leading management consultancy to the global energy, chemical, and related industries. For over 38 years, Nexant 
has helped clients increase business value through assistance in all aspects of business strategy, including business intelligence, project feasibility and 
implementation, operational improvement, portfolio planning, and growth through M&A activities.  Nexant has its main offices in San Francisco 
(California), White Plains (New York), and London (UK), and satellite offices worldwide. 

 

Copyright © by Nexant Inc. 2016.  All Rights Reserved.   

 

 

mailto:hcoleman@nexant.com

