
 

Mossavar-Rahmani Center for Business & Government  

Weil Hall | Harvard Kennedy School | www.hks.harvard.edu/mrcbg 

 

 

 

 

 

  

 
M-RCBG Associate Working Paper Series | No. 93 

 
 

 

 
 

 

 
 

The views expressed in the M-RCBG Associate Working Paper Series are those of the author(s) and do 

not necessarily reflect those of the Mossavar-Rahmani Center for Business & Government or of 

Harvard University. The papers in this series have not undergone formal review and approval; they are 

presented to elicit feedback and to encourage debate on important public policy challenges. Copyright 

belongs to the author(s). Papers may be downloaded for personal use only. 

 

 

Mitigating the Municipal Waste Management 

Crisis in Emerging Markets: A Cost-benefit 

Analysis of Enhancing Waste Management 

Interventions 
 

 

 

Alexandra McGoodwin 
 

 

May 2018 

 



Cover Photo Credit:  

Mitigating the Municipal Waste Management 
Crisis in Emerging Markets:

A Cost-benefit Analysis of Enhanced Waste 
Management Interventions

Alexandra McGoodwin
Joint Master in Public Policy and Business Administration Candidate 2018

March 27, 2018

This policy analysis exercise (PAE) reflects the view of the author and should not be viewed as representing the 
views of SUEZ, nor those of Harvard University or any of its faculty.

Submitted in partial fulfillment of the requirement for the degree of master in public policy

Faculty Advisor: 
Professor Martha J. Crawford, 
Harvard Business School

Prepared For: SUEZ 

PAC Seminar Leader: 
Professor John Haigh, 
Harvard Kennedy School

Faculty Advisor: 
Professor Rand Wentworth,  
Harvard Kennedy School



Cover Photo: Deonar Dumping Ground, Mumbai, India.  Credit: Vasant Prabhu (The Indian Express, 2016) 



 

Acknowledgements  
 
I would like to thank the following people for their time and support throughout this project.  In 
addition to gaining invaluable experience, this work wouldn’t have been possible without their 
openness and insightful guidance along the way.  
 
Client:  

Paul Bourdillon, Senior Executive Vice President, Africa, Middle-East, and India, SUEZ 

Fabien Mainguy, Senior Project Manager, Africa, Middle-East, and India / Relations to 
International Financing Institutions, SUEZ  
 
Advisors: 

Martha J. Crawford, Senior Lecturer of Business Administration, Harvard Business School 

Rand Wentworth, Louis Bacon Senior Fellow in Environmental Leadership at Harvard University, 
and President Emeritus, Land Trust Alliance 

PAC Seminar Leader: 

John Haigh, Co-Director of the Mossavar-Rahmani Center for Business and Government and 
Lecturer in Public Policy, Harvard Kennedy School 

Interviewees and Academic Experts: 

Joseph Aldy, Associate Professor of Public Policy at the Harvard Kennedy School, Visiting Fellow 
at Resources for the Future, Faculty Research Fellow at the National Bureau of Economic 
Research, and Senior Adviser at the Center for Strategic and International Studies 

Ananthula Mahendra, Assistant Vice President, Sales & Business Development, SUEZ India 

Brice Megard, Chief Executive Officer, SITA Atlas 

Henry Saint Bris, Senior Advisor, SUEZ 

Francois Van Hauw, Chief Executive Officer, SITA Trashco 

 



Table of Contents 
1. Executive Summary ........................................................................................................ 1 
2. Introduction ................................................................................................................... 5 

2.1 Challenges with Municipal Solid Waste Management in Emerging Markets .......... 6 
2.2 GHG Emissions and Climate Change Impacts ......................................................... 7 
2.3 Leachate Pollution ................................................................................................ 8 
2.4 Health Impacts ...................................................................................................... 9 
2.5 Business Opportunity for SUEZ ............................................................................ 10 
2.6 Research Objectives ............................................................................................ 11 

3. Methodology ................................................................................................................ 11 
3.1 Landfill Configurations ........................................................................................ 12 
3.2 Estimating Economic Costs .................................................................................. 13 
3.3 Estimating Social and Environmental Benefits ..................................................... 13 
3.4 Quantifying Social and Environmental Benefits ................................................... 15 
3.4.1 Social Cost of Carbon .......................................................................................... 16 
3.5 Aggregated Cost-Benefit-Analysis ....................................................................... 23 
3.6 Limitations to the Data ........................................................................................ 24 

4. Findings ........................................................................................................................ 25 
4.1 Economic Costs ................................................................................................... 26 
4.2 Estimating Social and Environmental Benefits ..................................................... 27 
4.3 Quantifying Social and Environmental Benefits ................................................... 29 
4.4 Aggregated Cost-Benefit-Analysis ....................................................................... 32 
4.5 Sensitivity Analysis .............................................................................................. 36 

5. Recommendations........................................................................................................ 41 
5.1 Future Application of the Cost-Benefit-Analysis Model ....................................... 42 
5.1.1 Tailoring the Model Inputs .................................................................................. 42 
5.1.2 Focusing on High Value Data ............................................................................... 42 
5.1.3 Using the Model to Engage with Key Stakeholders .............................................. 43 
5.2 Expanding the Model for Enhanced Accuracy ...................................................... 44 
5.2.1 Additional Benefit Considerations ....................................................................... 44 
5.2.2 Areas for Further Research ................................................................................. 45 

6. Conclusion .................................................................................................................... 47 
 
Appendix 1: Detail on Methodology: Data, Sources and Assumptions .................................... 49 
Appendix 2: Current Practices for Monetizing Carbon Values – Examples From the United 
States, United Kingdom, Canada and Other OECD Countries................................................... 68 
Appendix 3: List of Interviews .................................................................................................. 73 
References ............................................................................................................................... 74 



 

List of Tables and Figures  
Figure 1: CO2 Equivalent Emissions from Landfills - Business As Usual (BAU) Scenario 7 
Figure 2: Typical Interactions Between a Dumpsite and the Environment 8 
Figure 3: 2014 IMF Working Paper – Nationally Efficient CO2 Prices Due to Domestic 

Co-Benefits, 2010 
20 

Figure 4: Nordhaus 2016 DICE Model Update – Regional Social Cost of Carbon   21 
  
 

Table 1: Description of Landfill Configurations/Treatment Alternatives 12-13 

Table 2: Description of Waste Management Benefits Selected for Assessment    14-15 
Table 3: Description of Cost Savings/New Revenue from Select Benefits   16 
Table 4: Primary Methods for Estimating the Cost of Carbon – Advantages and 

Disadvantages 
18-19 

Table 5: Aggregated Cost-Benefit Analysis Approach   24 
Table 6: Unit Cost Estimates for Six Landfill Configurations (OPEX and CAPEX Onsite)  26 
Table 7:   Per Tonne Estimates of Social and Environmental Benefits for Six Landfill 

Configurations   
27 

Table 8:   Daily Estimates of Social and Environmental Benefits for Six Landfill 
Configurations   

28 

Table 9: Per Unit Cost Savings and New Revenue from Benefits   30 
Table 10: Annualized Cost Savings and New Revenue from Benefits – Using Regional 

SCC Estimate for India   
30 

Table 11: Annualized Cost Savings and New Revenue from Benefits – Using Global 
SCC Estimate    

31 

Table 12: Per Tonne Cost-Benefit-Analysis – Using Regional SCC Estimate for India   32-33 
Table 13: Annualized Cost-Benefit-Analysis – Using Regional SCC Estimate for India   33-34 
Table 14: Per Tonne Cost-Benefit-Analysis – Using Global SCC Estimate   34 
Table 15: Annualized Cost-Benefit-Analysis – Using Global SCC Estimate   35 
Table 16: Sensitivity Analysis: Social Cost of Carbon   37 
Table 17: Sensitivity Analysis: Revenue from Voluntary Carbon Offsets   38 
Table 18: Sensitivity Analysis: Revenue from Selling Electricity   38 
Table 19: Sensitivity Analysis: Revenue from Selling Compost   39 
Table 20: Sensitivity Analysis: Revenue from Selling Recyclables   39 
Table 21: Sensitivity Analysis: Value of Reduced Land Capacity   40 
 

 



 

 1 

1. Executive Summary 
 
Challenges and Opportunity 
 
For world leaders from developed countries, the management of municipal solid waste (MSW) 
tends to be a low priority because most developed countries manage waste under very strict 
environmental and sanitary standards. 
 
The case in developing and emerging markets, however, is often very different.  In these 
countries, more than 80% of collected waste is currently disposed of in open dumpsites or sub-
standard landfills, with little or no environmental controls.   
 
These practices entail significant social, environmental and economic impacts, including serious 
health effects such as higher mortality rates, and large contributions to global climate change.  In 
2012, municipal solid waste contributed about 5% of global greenhouse gas (GHG) emissions and 
12% of global methane emissions.  By 2025, however, it is expected that 8-10% of global GHG 
emissions will be due to dumpsites alone.   
 
The challenge with MSW management is particularly acute in fast growing urban areas of 
developing countries.  As a result of population growth, urbanization and economic 
development, the world’s waste production is expected to nearly double by 2025, and over 70% 
of this will be generated in developing countries and emerging markets.  
 
Despite these trends, investments in waste treatment infrastructure lag far behind in emerging 
markets, contributing significantly to a growing waste crisis in these countries.   
 
SUEZ has developed a waste management solution that has significant potential to help address 
the waste challenges in emerging markets, but to achieve this, SUEZ also needs the support of 
the municipalities where these sub-standard landfill sites exist.  Shifting to enhanced waste 
management practices can require significant upfront investment, however, and in low-income 
countries and many middle-income countries, this can be a difficult commitment to make when 
there are many other competing priorities. 
 
Research Questions 
 
According to the World Bank, the enormous impacts of poorly managed waste usually result in 
downstream costs higher than what it would have cost to manage the waste properly in the first 
place.  To date, however, few studies have tried to fully quantify this hypothesis. 
 
The objective of this paper is to build a cost-benefit-analysis that will allow SUEZ to more broadly 
quantify the benefits of converting substandard landfills in emerging markets to sanitary landfills, 
and build a more compelling business case for municipalities and other key stakeholders.  Three 
key questions helped to guide the research and development of the model: 
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• What are the environmental, social and economic benefits of shifting to enhanced waste 
management practices in emerging markets? 

• How can these benefits be quantified? 
• Once quantified, how do these benefits compare to overall project costs? 
 
Methodology 
 
To answer the research questions, a cost-benefit-analysis model was developed to compare the 
costs and benefits of different waste management options.   
1. In the first step, six landfill configurations were selected based on practices commonly used 

for enhanced waste management in emerging markets.  The configurations selected include 
1) an open dump, 2) a simple sanitary landfill with top cover only, 3) a simple sanitary landfill 
with flaring, 4) an energy recovery landfill, 5) an energy recovery landfill + composting, and 
6) an energy recovery landfill + recycling.    

2. In step 2, the per tonne operating and capital costs were estimated for each landfill 
configuration. 

3. In Step 3, a select number of social and environmental benefits were estimated for each 
landfill configuration.   

4. In Step 4, the social and environmental benefits were quantified based on the cost savings or 
new revenue that could be generated by each. 

5. In the final step, the estimates were brought together in an aggregated cost-benefit analysis, 
comparing the costs and benefits for each landfill configuration on a per tonne and 
annualized basis. 

 
One of the most important inputs used to quantify the benefits was an estimate for the Social 
Cost of Carbon (SCC), which assigns a monetary value to damages from GHGs.  Applying SCC 
estimates is a growing practice in policy analysis around the world, but was consistently lacking 
in the waste management studies reviewed for this paper.  The substantial contribution of 
substandard waste management to GHG emissions suggests that applying an estimate like the 
SCC could potentially be an important and valuable addition to the cost benefit analysis model.  
It was also recognized, however, that SCC estimates vary considerably and using global measures 
may not resonate as well with stakeholders at the municipality level.  As a result, the model 
considered two scenarios with different SCC values.  Scenario 1 applied a regional SCC estimate 
for India, with a minimal value.  Scenario 2 applied a much higher global SCC estimate based on 
recommendations from the U.S. Interagency Working Group. 
 
Key Findings 

Using a Regional Estimate of the Social Cost of Carbon (SCC) for India: 

When using the regional SCC estimate for India, the Energy Recovery Landfill + Composting and 
the Energy Recovery Landfill + Recycling had the lowest cost overall once potential revenue and 
cost savings from the benefits were considered.  The regional SCC from India was included in the 
total cost but didn’t have a significant impact on the results due to the minimal value used.  The 
Energy Recovery Landfill + Composting was the most economical option, with net savings on 
average.  The Energy Recovery Landfill + Recycling performed second best, with an average cost 
more than 50% less than the Open Dump. 
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Using a Global Estimate of the Social Cost of Carbon (SCC): 

When using the global SCC estimate, the Energy Recovery Landfill + Composting and the Energy 
Recovery Landfill + Recycling had the lowest cost overall once again.  In this scenario, the Energy 
Recovery Landfill + Composting had the lowest average cost when only considering potential 
revenue and cost savings from selling electricity, compost, recyclables, voluntary carbon credits, 
and the value of reduced land capacity.  However, once considering the higher Social Cost of 
Carbon, the Energy Recovery Landfill + Recycling became the most economical option.  Notably, 
the Open Dump and Simple Sanitary Landfills became the most expensive options on average 
when using the global SCC estimate. 
 
Recommendations 
 
Findings from the broader cost-benefit model presented in the paper strongly suggest that the 
model could be used to build a more compelling business case for enhanced waste management 
practices in emerging markets.  The findings also help to pinpoint high value data and several 
areas for improvement.  Based on these insights, two sets of recommendations were identified.  
These focus primarily on how SUEZ can use the model going forward, and how it can be expanded 
for greater accuracy and applicability. 
 
Future Application of the Cost-Benefit-Analysis Model 

• Tailor the model inputs: In future application, it is recommended that SUEZ update the 
model’s inputs and data parameters to reflect the specific characteristics of the site of 
interest.  The data parameters can vary dramatically, making this crucial for a more accurate 
assessment of cost-effectiveness. 

• Focus on high value data: In cases where collecting accurate data at the municipality level is 
challenging or prohibitively expensive, SUEZ and its partners should focus on the highest 
value data as outlined in the report’s sensitivity analysis.  This includes GHG emissions, the 
Social Cost of Carbon, waste diversion, land capacity requirements, land value, recycling and 
the price of recyclables. This provides an alternative approach that SUEZ and its partners 
could pursue to save time and costs, while still capturing the majority of the benefits outlined 
in the model. 

• Use the model to engage with key stakeholders and serve as an intermediary: Findings from 
the model suggest that it has significant potential to intersect the priorities of different 
stakeholders by quantifying the links between short-term economic costs and longer-term 
social costs.  To catalyze this potential, SUEZ should use the model and its other work to act 
as an intermediary - connecting the private sector, municipalities and international 
institutions.  Used in this way, the cost-benefit model could be a powerful tool for bringing 
business and the public sector together to help address the waste crisis in emerging markets, 
and may help to inspire more innovative partnerships. 

 
Options for Expanding the Model for Enhanced Accuracy 

• Explore additional benefits that could be included in future iterations of the model: This 
study primarily focused on environmental benefits from enhanced waste management 
practices, but a number of additional benefits could be included in future iterations of the 
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model to make it more comprehensive.  Additional benefits worth consideration by SUEZ 
include benefits from integrating informal waste pickers; increased tourism resulting from 
image/reputation enhancement; increased political goodwill; and benefits from controlling 
leachate pollution. 

• Conduct additional research on the Social Cost of Carbon:  Findings from the model 
demonstrate that the Social Cost of Carbon has the potential to be a significant driver of costs 
and/or cost savings, but there is also wide variation in the estimates and much uncertainty.  
It is recommended that SUEZ conduct additional research on the Social Cost of Carbon with 
the aim of refining the estimate used in the model.  This could greatly enhance the model’s 
accuracy and applicability and may help SUEZ to communicate more effectively with 
municipalities and other stakeholders. 

• Conduct additional research on shorter-term costs: In cases where estimating the Social Cost 
of Carbon is not possible or prohibitively expensive, SUEZ should explore options for isolating 
local costs that are more likely to be felt in the shorter-term, and possibly more directly by 
the municipality. One example might be health care costs associated with the poor 
management of municipal waste.  This would not capture the full spectrum of costs to society, 
but could help to spur productive dialogue in this area. 

• Conduct additional research on the Social Cost of Methane: An additional area for 
consideration is exploring estimates of the Social Cost of Methane (SC-CH4).  Where methane 
emissions are reported separately, SUEZ should consider applying SC-CH4 to methane 
emissions and SCC to CO2 emissions.  Since landfills contribute significantly to methane 
emissions, this could provide a more accurate assessment of costs and benefits  

 
As with most tools, the broader cost-benefit model offers opportunities as well as challenges.  
The opportunity is to create a more compelling business case for enhanced waste management 
practices based on data-driven empirical analysis.  The challenge, however, is that this kind of 
model also requires a longer-term, and in some cases, a more global perspective on waste 
management tradeoffs.  Any mindset shift like this will be difficult, and possibly even more so for 
municipalities with short-term election priorities and tight budgets.   
 
To be successful, SUEZ will need to use the broader cost-benefit model in collaboration with other 
tools, to bring together the parties capable (and necessary) to solve the waste crisis in emerging 
markets. Helping to educate municipalities is key to this, but equally important, is the potential 
of using the model to gain the support of stakeholders with longer-term priorities, such as 
international development and financial institutions, who are equally critical to catalyzing these 
efforts and bridging the existing funding gaps.     
 
Effective implementation will be challenging, but the results of this paper also demonstrate that 
using a broader cost-benefit model could provide meaningful value – from a business perspective 
for SUEZ, as well as a social, economic and environmental perspective for municipalities and 
society. 
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Source: World Bank (2012); Photo Credit: Perinaz Bhada-Tata   
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2. Introduction 
 
2.1 Challenges with Municipal Solid Waste Management in Emerging Markets 
 
Municipal solid waste (MSW) refers to waste collected and treated by municipalities.  While this 
varies between cities, MSW typically comes from households, commerce and trade, office 
buildings, institutions and small businesses.  It includes everything from bulky items and food 
waste to street sweepings and yard debris.1 
 
For world leaders from developed countries, the management of MSW tends to be a low priority 
because most developed countries manage waste under very strict environmental and sanitary 
standards.  The result is strong protections for human health, the environment, and relatively 
low levels of greenhouse gas (GHG) emissions from waste management (about 3% in the 
European Union and 2% in the United States).2   
 
The case in developing and emerging markets, however, is often very different.  In these 
countries, more than 80% of collected waste is currently disposed of in open dumpsites or sub-
standard landfills, with little or no environmental controls.3  These practices entail significant 
health, environmental and economic impacts.  In developing countries, poorly managed solid 
waste is often the leading contributor to local flooding, as well as air and water pollution.4   
 
The challenge with MSW management is particularly acute in fast growing urban areas of 
developing countries, where dumpsites already impact the quality of life of 3.5 to 4 billion 
people.5  As a result of population growth, urbanization and economic development, the world’s 
waste production is expected to nearly double by 2025, and over 70% of this will be generated 
in developing countries and emerging markets alone.6  This is particularly concerning given that 
open dumping and substandard landfills continue to be the most common methods of waste 
management in these countries. 
 
A dramatic rise in the economic burden is also expected as waste production increases.  The 
World Bank estimates that global solid waste management costs will increase 83% between 2012 
and 2025.  Low and lower-middle income countries will be impacted most severely, experiencing 
a 4-5x increase in their municipal waste costs.7 
 
Despite these trends, investments in waste treatment infrastructure lag far behind in emerging 
markets, contributing significantly to a growing waste crisis in these countries.  

                                                
1 Hoornweg and Bhada-Tata, “What a Waste - A Global Review of Solid Waste Management.” 
2 United Nations Environmental Programme, “Waste and Climate Change: Global Trends and Strategy 
Framework.”; Eurostat Statistics Explained, “Greenhouse Gas Emission Statistics - Emission Inventories.”; United 
States Environmental Protection Agency, “Draft Inventory of U.S. Greenhouse Gas Emissions and Sinks: 1990-
2016.” 
3 Hoornweg and Bhada-Tata, “What a Waste - A Global Review of Solid Waste Management.” 
4 Hoornweg and Bhada-Tata. 
5 Mavropoulos, “Wasted Health: The Tragic Case of Dumpsites.” 
6 Hoornweg and Bhada-Tata, “What a Waste - A Global Review of Solid Waste Management.” 
7 Hoornweg and Bhada-Tata. 
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2.2 GHG Emissions and Climate Change Impacts 
 
One of the most concerning impacts of poorly managed MSW is its large contribution to GHG 
emissions and global climate change.  The decomposition of waste in landfills and open 
dumpsites creates biogas, which typically includes 50% methane and 50% carbon dioxide, 
although the percentage of methane can be higher in emerging markets where municipal waste 
generally contains higher amounts or organic materials, such as food waste.8  In addition to being 
highly flammable, methane contributes significantly to the depletion of the ozone layer and 
climate change because it has a global 
warming potential 21 times more 
powerful than CO2.9  In 2012, municipal 
solid waste contributed about 5% of 
global GHG emissions and 12% of 
global methane emissions.10  By 2025, 
however, 8-10% of global GHG 
emissions will be due to dumpsites 
alone.11  Since sanitary landfills are 
already the minimum standard in 
OECD countries, this increase will 
primarily result from non-OECD 
countries.  UNEP estimates that by 
2030, 64% of global landfill methane 
emissions will be generated by non-
OECD countries, and by 2050, non-
OECD countries will emit almost 4 
times more CO2 equivalent methane 
from landfills than OECD countries.12 
 
Landfill emissions are also generated during the open burning of municipal solid waste.  Fires are 
common in large dumping grounds as a result of the gas emissions and uncontrolled activities, 
however, intentional open burning is also sometimes practiced to reduce the volume of waste.  
The burning of plastics and other materials releases toxic substances to the air, typically 
increasing the concentration of air pollutants such as nitrogen oxides (NOx), sulfur oxides (SOx), 
heavy metals (mercury, lead, chromium, cadmium, etc.), dioxins and furans, and particulate 
matter.  The U.S. Environmental Protection Agency (EPA) estimates that uncontrolled mixed 
garbage burning is a larger source of dioxins than coal combustion, ferrous metal smelting, 
hazardous waste incineration or bleached pulp mill operations.13 

  

                                                
8 Hoornweg and Bhada-Tata. 
9 Mavropoulos, “Wasted Health: The Tragic Case of Dumpsites.” 
10 Hoornweg and Bhada-Tata, “What a Waste - A Global Review of Solid Waste Management.” 
11 Mavropoulos, “Wasted Health: The Tragic Case of Dumpsites.” 
12 United Nations Environmental Programme, “Waste and Climate Change: Global Trends and Strategy 
Framework.” 
13 Mavropoulos, “Wasted Health: The Tragic Case of Dumpsites.” 

Figure 1: CO2 Equivalent Emissions from Landfills - Business As Usual 
(BAU) Scenario

Source: Moni et al. 2006 EIT: Economies in Transition
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2.3 Leachate Pollution  
 
Another significant environmental impact that results from substandard waste management is 
leachate pollution.  Leachate is the liquid that percolates or “leaches” through landfill waste.  It 
becomes contaminated with dissolved or suspended matter from the decomposing waste.  The 
composition and volume of leachate varies depending on the nature of the landfill, but it is 
typically characterized by a strong color, bad odor, and high values of COD, pH, ammonia 
nitrogen, heavy metals and even hazardous organic chemicals.14  In sanitary landfills, leachate is 
collected and treated before discharging it into natural waters or using it for other non-
consumption means, such as landscape irrigation.  In open dumps, however, leachate is not 
collected, allowing it to leach into the surface and surrounding area.  Depending on the nature 
and location of the open dump, leachate that escapes can pollute ground water, surface waters 
and soil – significantly harming the environment, local biodiversity and human health.15  
 
 

 
 

                                                
14 Raghab, Abd El Meguid, and Hegazi, “Treatment of Leachate from Municipal Solid Waste Landfill.” 
15 Hossain, Das, and Hossain, “Impact of Landfill Leachate on Surface and Ground Water Quality.”; Mavropoulos, 
“Wasted Health: The Tragic Case of Dumpsites.”; Eldridge, “Landfills: Impact on Groundwater.” 

Figure 2: Typical Interactions Between a Dumpsite and the Environment 

Source: International Solid Waste Association (ISWA) and D-Waste; Mavropoulos, “Wasted Health: The Tragic Case of Dumpsites.”  
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2.4 Health Impacts 
 
A large sample of studies have demonstrated that substandard waste management practices can 
have serious effects on human health as a result of hazardous emissions and physical threats 
from handling the disposed waste.  As noted above, uncontrolled waste disposal releases a wide 
range of toxic substances into the environment, including methane, carbon dioxide, benzene and 
cadmium.  Residents living near dumpsites or substandard landfills are exposed to these 
pollutants through inhalation of substances and contact with polluted water, soil, or waste 
materials (either directly or through the consumption of contaminated products).  While specific 
health impacts vary depending on the nature of the site and the composition of the waste, some 
of the most serious risks posed by uncontrolled waste include cancer, cardiovascular disease, 
congenital malformations, skin disorders, respiratory abnormalities, neurological problems, 
blood disorders, and communicable diseases.16 
 
Health risks from poor waste management are particularly high for sites that include the disposal 
of hazardous materials.  In sanitary landfills, hazardous materials are directed to special 
treatment or disposal sites.  In open dumps or substandard landfills, however, hazardous and 
non-hazardous materials are often disposed of together.17  A 2013 study quantifying the health 
impacts from hazardous waste sites concluded that toxic waste sites are responsible for a 
significant burden of disease in low- and middle-income countries (LMICs).18  The study 
developed a disability-adjusted life year (DALY)-based estimate of the disease burden 
attributable to toxic waste sites, focusing on three LMICs: India, Indonesia, and the Philippines.  
Sites were identified through the Blacksmith Institute’s Toxic Sites Identification Program, a 
global effort to identify hazardous waste sites.  After analyzing 373 toxic waste sites in India, 
Indonesia and the Philippines, researchers estimated that 8.6 million people are at risk of 
exposure to lead, asbestos, hexavalent chromium and other hazardous materials.  Among these 
people at risk, the study found that exposure to these pollutants could cause a loss of around 
829,000 years of good health as a result of disease, disability or early death.19 In comparison, the 
World Health Organization estimates that malaria in these countries causes the loss of 725,000 
healthy years.   
 
Health impacts from substandard waste management are a particular concern among children 
because they are more susceptible to the absorption of pollutants, as well as informal waste 
pickers and recyclers,20 which represent about 2% of the urban population in developing 
countries.21  Examples of onsite risks that informal waste pickers are frequently exposed to 
include the following: 

                                                
16 United Nations Human Settlements Program, Solid Waste Management in the World’s Cities: Water and 
Sanitation in the World’s Cities.; Mavropoulos, “Wasted Health: The Tragic Case of Dumpsites.” 
17 Mavropoulos, “Wasted Health: The Tragic Case of Dumpsites.” 
18 Chatham-Stephens et al., “Burden of Disease from Toxic Waste Sites in India, Indonesia, and the Philippines in 
2010.” 
19 Mavropoulos, “Wasted Health: The Tragic Case of Dumpsites”; Chatham-Stephens et al., “Burden of Disease 
from Toxic Waste Sites in India, Indonesia, and the Philippines in 2010.” 
20 United Nations Human Settlements Program, Solid Waste Management in the World’s Cities: Water and 
Sanitation in the World’s Cities. 
21 Medina, “Waste Picker Cooperatives in Developing Countries.” 
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• Being killed or severely injured by moving equipment, such as bulldozers or trucks 

carrying waste. 
• Developing respiratory disorders due to prolonged and frequent exposure to smoke 

from the fires common at dumpsites. 
• Being temporarily injured by sharp and heavy waste materials. 
• Becoming infected with HIV or hepatitis C, particularly from hazardous healthcare 

waste.22 
 
Because of their proximity to the dumpsites and greater risk of accidents and contracting 
infections, informal waste pickers often have mortality rates up to 30% higher than the average 
population.23  In Mexico, for example, informal waste pickers have an average life expectancy of 
39 years, compared to 69 years for the rest of the population.24  A recent study evaluating the 
prevalence and economic burden of morbidities reached similar conclusions for waste pickers at 
the Deonar dumping site in Mumbai, India.  The study found that the prevalence of morbidities 
among waste pickers at the Deonar dump site was significantly higher, particularly for injuries 
(75%), respiratory illness (28%), eye infection (29%), and stomach problems (32%), compared to 
the control group (17%, 15%, 18%, and 19% respectively).  In addition, the study concluded that 
the persistence of illness, work days lost, and health expenditures are considerably higher for 
informal waste pickers.25  This higher economic burden makes it more difficult for these workers 
to escape the “poverty trap,” but can also increase the economic burden on the municipality and 
local economy. 
 
2.5 Business Opportunity for SUEZ 
 
SUEZ has developed a waste management solution for emerging markets, using simple technical 
modules to integrate community resources and convert waste into valuable materials and 
energy.  This includes waste sorting, waste diversion and transformation, gas capture and energy 
production, optimizing the landfill space, and building local partnership to integrate informal 
waste-pickers.  SUEZ’s integrated approach has significant potential to help address the growing 
waste crisis in emerging markets, not only by enhancing waste management practices, but also 
by contributing to improved living conditions and economic opportunities for local communities. 
 
To achieve this, SUEZ also needs the collaboration and support of the municipalities where these 
sub-standard landfill sites exist since MSW management usually falls completely within the local 
government’s purview.  Shifting to enhanced waste management practices requires significant 
investment, however, and in low-income countries and many middle-income countries – where 
MSW is often the largest single budget item for the city26 – this can be a difficult commitment to 
make when there are many other competing priorities. 
    
                                                
22 Mavropoulos, “Wasted Health: The Tragic Case of Dumpsites.” 
23 World Health Organization, “Waste and Human Health: Evidence and Needs.” 
24 United Nations Human Settlements Program, Solid Waste Management in the World’s Cities: Water and 
Sanitation in the World’s Cities. 
25 Chokhandre, Singh, and Kashyap, “Prevalence, Predictors and Economic Burden of Morbidities among Waste-
Pickers of Mumbai, India.” 
26 Hoornweg and Bhada-Tata, “What a Waste - A Global Review of Solid Waste Management.” 
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2.6 Research Objectives 
 
According to the World Bank, the enormous health, environmental, social and economic impacts 
of poorly managed waste usually result in downstream costs higher than what it would have cost 
to manage the waste properly in the first place.27  This strongly suggests that it is in the best 
interest of municipalities to invest in better waste management infrastructure and convert their 
dumpsites to sanitary landfills – not just from a health and environmental perspective, which has 
been the focal point of much waste research, but also from an economic standpoint.  
 
To date, however, few studies have fully quantified this hypothesis.  Many reports, for example, 
highlight the potential for GHG emissions reductions when shifting to more enhanced waste 
management practices, but a limited number assess broader benefits, such as reduced land 
capacity or the Social Cost of Carbon.  More importantly, few studies quantify these benefits in 
ways that allow municipalities to understand the long-term costs (either incurred or saved) of 
specific interventions. 
 
The objective of this analysis is to build a model that allows SUEZ to more broadly quantify the 
benefits of converting open dumps and/or substandard landfills in emerging markets to sanitary 
landfills, and build a more compelling business case for municipalities and other stakeholders.  
Three key questions helped to guide the research and development of the model: 

• What are the environmental, social and economic benefits of shifting to enhanced waste 
management practices in emerging markets? 

• How can these benefits be quantified?  

• Once quantified, how do these benefits compare to overall project costs? 
 
 
 
 

  
                                                
27 Hoornweg and Bhada-Tata. 

Source: SUEZ 
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3. Methodology 
 
3.1 Landfill Configurations 
 
For purposes of the cost-benefit analysis, six configurations of landfills were used, each with a 
different range of technical measures for enhanced waste management.  The technical measures 
selected are based on the most commonly used practices for enhanced waste management, 
including variations of landfill gas (LFG) management, energy recovery, composting and 
recycling.28  Incineration was excluded because this is not common in low- and middle-income 
countries due to the high capital, technical and operational costs, as well as operational 
difficulties due to the higher moisture content in the waste and higher percentage of inerts more 
typical in emerging markets.29  While many more configurations of landfills could be assessed, 
the configurations selected are intended to represent the most common treatment alternatives 
– providing a useful baseline for assessment.  
 
 A description of each configuration is presented in Table 1. 
 

Table 1: Description of Landfill Configurations/Treatment Alternatives 
 

Landfill Configurations/Treatment 
Alternatives 

Description 

Open Dump • Waste indiscriminately dumped 
• Few controls in place 
• No leachate management 
• No gas management – all gas is emitted directly to air 
• No covering of waste 

Simple Sanitary Landfill (with top 
cover only) 

• Some registration and placement/compaction of waste 
• Leachate is collected and sent to treatment 
• No gas mitigation besides top cover of soil, which allows 

for oxidation of various constituents of gas 

Simple Sanitary Landfill (with gas 
flaring) 

• Some registration and placement/compaction of waste 
• Leachate is collected and sent to treatment 
• Gas collection and combustion using flares 

Energy Recovery Landfill 
(substituting/selling energy) 

• Registration and placement/compaction of waste 
• Leachate is collected and sent to treatment 
• Gas is collected and sent to a combustion engine for 

electricity production or heat generation 
• Excess energy is exported and sold 

                                                
28 Hoornweg and Bhada-Tata.; Thanh and Matsui, “An Evaluation of Alternative Household Solid Waste Treatment 
Practices Using Life Cycle Inventory Assessment Mode.”; Damgaard et al., “LCA and Economic Evaluation of Landfill 
Leachate and Gas Technologies.”; Yang et al., “Greenhouse Gas Emissions during MSW Landfilling in China.” 
29 Joseph, “Municipal Solid Waste Management in Asia and the Pacific Islands.”; Hoornweg and Bhada-Tata, “What 
a Waste - A Global Review of Solid Waste Management.” 
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Energy Recovery Landfill 
(substituting/selling energy) + 
Composting 

• Registration and placement/compaction of waste 
• Leachate is collected and sent to treatment 
• Gas is collected and sent to a combustion engine for 

electricity production or heat generation 
• Excess energy is exported and sold 
• Organic material is composted to produce useful soil 

conditioner and avoid landfill disposal 
• Compost is sold 

Energy Recovery Landfill 
(substituting/selling energy) + 
Recycling 

• Registration and placement/compaction of waste 
• Leachate is collected and sent to treatment 
• Gas is collected and sent to a combustion engine for 

electricity production or heat generation 
• Excess energy is exported and sold 
• Materials recovery facility (MRF) is used to separate and 

recover recyclables 
• Recyclables are sold 

 
3.2 Estimating Economic Costs 
 
Economic costs were estimated for every landfill configuration and converted to U.S. dollars per 
tonne of waste.  The cost estimates were drawn from relevant academic studies from other 
emerging markets, World Bank estimates, and business case studies conducted by SUEZ.   
Economic costs included operating and capital expenditures on site, but excluded collection and 
transport costs.   
 
Per unit costs for the energy recovery landfill + composting and the energy recovery landfill + 
recycling used an assumed 30% composting rate and a 10% recycling rate, respectively.  These 
rates were selected based on Mumbai, India’s composition of waste, current composting and 
recycling rates, and the municipality’s future waste management goals.30  Mumbai is an 
important future market for SUEZ, and it was assumed this would be representative of other 
large and fast growing emerging markets that SUEZ is most likely to target.      
 
Additional detail on the sources and assumptions used can be found in Appendix 1.  
    
3.3 Estimating Social and Environmental Benefits  
 
Based on a review of relevant literature, the benefits assessment focused on ten primary benefits 
common to enhanced waste management practices, each of which is described in Table 2.  In 
general, this included changes in waste generation, recycling and composting; emissions and 
effluents; energy consumption and generation; and changes in required land capacity.   
 

                                                
30 Pandey and Chakraborty, “Solid Waste Management Master Plan for Mumbai, India: Vision 2023.” 
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To calculate the potential benefits, factors and other data parameters were estimated per tonne 
of waste for each landfill configuration.  These factors and other data parameters were pulled 
from various sources, with a primary focus on case studies from other emerging markets or 
developing countries – including China, Vietnam, South Africa, Iran, Brazil and Peru, among 
others.  In some cases, factors from broader sources, such as the U.S. Environmental Protection 
Agency (EPA) or Intergovernmental Panel on Climate Change (IPCC), were used for comparison 
purposes, however, the general focus was sourcing data from emerging market case studies, 
based on the assumption that the context and composition of the waste would be similar across 
emerging markets.  Models, like those available from the IPCC and U.S. EPA, generally require a 
detailed understanding of the waste composition and other site-specific characteristics.  This 
study tries to present a general example, representative of emerging markets, rather than using 
a specific site.    
 
For daily and annual totals, the “benefit factor” estimated for each landfill configuration was 
multiplied by the number of daily or annual tonnes received by the landfill.  This was based on a 
hypothetical landfill receiving 1,198 tonnes of municipal waste per day (437,347 tonnes/year).31  
 
To estimate benefits from recycling and composting, the same rates based on Mumbai were used 
again.  For composting, the assumed rate was 30%, with a 10% residual rate,32 equating to a total 
composting rate of 27%.  For recycling, the assumed rate was 10%.      
 
To estimate reductions compared to a baseline, the Simple Sanitary Landfill (with top cover only) 
was compared to the Open Dump.  All other landfill configurations were compared to the Simple 
Sanitary Landfill (with top cover only), assuming this was a better baseline for the more enhanced 
landfill configurations. 
 
Additional detail on the sources and assumptions used can be found in Appendix 1. 
 

Table 2: Description of Waste Management Benefits Selected for Assessment  

Benefits Assessed Description 

Waste Composted • Total wasted composted and diverted from landfill – measured 
in tonnes of compost and as a percentage of total waste. 

Waste Recycled • Total waste recycled and diverted from landfill – measured in 
tonnes of recyclables and as a percentage of total waste. 

Change in GHG Emissions • Change (decrease or increase) in GHG emissions – measured in 
tonnes of CO2 equivalent emissions per tonne of waste. 

• The Simple Sanitary Landfill (with top cover only) is compared 
to the Open Dump; all other configurations are compared to 
the Simple Sanitary Landfill (with top cover only). 

Energy Consumption • Total energy consumed by the landfill – measured in kilowatt 
hours (kWh) per tonne of waste. 

                                                
31 Abduli et al., “Life Cycle Assessment (LCA) of Solid Waste Management Strategies in Tehran.” 
32 Thanh and Matsui, “An Evaluation of Alternative Household Solid Waste Treatment Practices Using Life Cycle 
Inventory Assessment Mode.” 
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Energy Generation • Total energy generated (if any) by the landfill – measured in 
kWh per tonne of waste. 

Energy Export • Difference between energy generation and energy 
consumption (if excess energy is generated, it is assumed this 
can be exported and sold as excess electricity) – measured in 
kWh per tonne of waste. 

Compost Generated • Compost generated and available for sale – measured in 
tonnes of compost generated per tonne of organic waste 
input. 

Recyclables Recovered • Recyclables recovered and available for sale – measured in 
tonnes of recyclables recovered. 

Change in Required Land 
Capacity 

• Change (decrease or increase) in the land size required – 
measured in square meters and hectares of land required for 
final disposal per tonne of waste. 

• The Simple Sanitary Landfill (with top cover only) is compared 
to the Open Dump; all other configurations are compared to 
the Simple Sanitary Landfill (with top cover only) 

Change in Amount of Leachate 
Entering Environment 

• Change (decrease or increase) in amount of leachate entering 
the environment – measured in liters per tonne of waste. 

 
3.4 Quantifying Social and Environmental Benefits 
 
Benefits were quantified for each landfill configuration based on the cost savings or new revenue 
that could be generated and sufficiently measured.  In total, seven potential areas of cost savings 
or new revenue were identified, which are described in Table 3.   
 
For evaluating the benefits associated with changes in GHG emissions, an estimate for the Social 
Cost of Carbon (SCC) was applied, using both a global SCC and a regional SCC for India specifically.  
SCC estimates assign a monetary value to the climate change damages from one tonne of carbon 
dioxide equivalent emissions.33  Assigning a monetary value to societal damages associated with 
GHG emissions is a growing practice in policy analysis around the world but was consistently 
lacking in the waste management studies reviewed for this analysis.  However, the substantial 
contribution of substandard waste management to GHG emissions suggests that applying a SCC 
estimate could potentially be an important and valuable addition to cost-benefit-analyses for 
waste management projects.  The next section provides a more detailed discussion of the Social 
Cost of Carbon, including current methods and how the Social Cost of Carbon estimate was 
chosen for this analysis.   
 
The remaining benefits quantified were based on market prices.  This included costs savings from 
reduced land capacity and potential revenue from selling electricity, compost, recyclables, and 
voluntary carbon offsets.  In cases dependent on a local market, Mumbai was used to estimate 
market pricing, where available. 
 

                                                
33 Institute for Policy Integrity, “Social Costs of Greenhouse Gases.”; US EPA, “The Social Cost of Carbon.” 
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Additional detail on the sources and assumptions used can be found in Appendix 1.    
 

Table 3: Description of Cost Savings/New Revenue from Select Benefits 

Cost Savings/New Revenue Based 
on Benefits 

Description 

Social Cost of Carbon (SCC) • Estimate of the value of climate change damages from one 
metric ton (tonne) of carbon dioxide emissions 

• SCC converted to 2017 and multiplied by the GHG 
emissions for each landfill configuration 

Selling Voluntary Carbon Offsets • Carbon offsets represent one metric ton of carbon dioxide 
equivalent (tCO2e) that hasn’t been emitted 

• Market price based on average global price for landfill 
methane projects 

Selling Excess Electricity • Electricity generated in surplus of what is consumed 
• Assumed that the electricity can be sold to the national 

grid 
• Revenues generated (if any) based on local market pricing 

Selling Compost • Good quality compost, such as fertilizers and soil 
supplementation  

• Revenue generated (if any) based on local market pricing  

Selling Recyclables • Good quality recyclables recovered that can be reused or 
converted into other products 

• Revenue generated (if any) based on local market pricing 

Value of Reduced Land Capacity • Reduction of land capacity needed for final disposal of 
waste (if any)  

• Cost savings based on local market pricing 

 
3.4.1 Social Cost of Carbon 
 
Climate change is an important policy issue for many countries, including emerging markets. 
Despite the significant uncertainty around climate change impacts, it is becoming commonplace 
in economic appraisals to include a monetary value for the greenhouse gas emissions generated 
by a project. The value is treated as a negative externality in cost-benefit analyses.34 
 
The four primary methods for estimating the “cost of carbon,” including the following: 
 
1. Damage Costs Avoided (Social Cost of Carbon) Approach 
 
A “damage cost” estimate aims to measure the present value of the stream of future damages 
associated with a marginal increase in CO2 emissions – also known as the social cost of CO2 
                                                
34 Dobes, Leung, and Argyrous, Social Cost-Benefit Analysis in Australia and New Zealand - The State of Current 
Practice and What Needs to Be Done. 
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emissions.  The damages evaluated typically include both market and non-market factors, 
including health, environment, agriculture, property damage potentials, and wider social 
aspects.35   
 
Under this method, Integrated Assessment Models (IAMs) are used to assess the damage impacts 
of an increase in global greenhouse gas concentrations.  The different models vary in the 
assumptions used, but generally include six components36: 
 
• Projections of future emissions of a CO2 equivalent (CO2e) composite (or individual GHGs) 

under ‘business as usual’ (BAU) and one or more abatement scenarios.  
• Projections of future atmospheric CO2e concentrations resulting from past, current, and 

future CO2 emissions.  
• Projections of average global (or regional) temperature changes, and in some cases, other 

measures of climate change such as rainfall variability, hurricane frequency, and sea level 
increases, which are likely to result over time from higher CO2e concentrations.  

• Projections of the economic impact, usually expressed in terms of lost GDP and consumption, 
resulting from higher temperatures.  

• Estimates of the cost of abating GHG emissions, now and in the future.  
• Assumptions about social utility and the rate of time preference, so lost consumption from 

expenditures on abatement can be weighed against future gains in consumption from the 
reductions in global warming as a result of abatement. 

 
2. Abatement Cost Estimate Approach: 
 
The ‘abatement cost’ approach seeks to value emissions changes at the marginal abatement cost 
for achieving a given target.  The marginal abatement cost reflects the opportunity cost of 
emissions changes, based specifically on the constraint set by the target.  The chosen target could 
be a national target or a national commitment to meet a global target in the context of an 
international agreement (as with the Kyoto Protocol).37    
 
3. Market Price of Carbon Approach: 
 
The “market price” approach assesses values for carbon abatement in terms of the price of 
carbon within an emissions trading scheme.  Similar to the previous approach, this reflects a 
particular policy context, where the emissions concerned fall within the scope of an emissions 
trading framework that is based on specific targets.  One such example is the European Union 
(EU) Emissions Trading Scheme.  In emissions trading schemes, the value of allowances in the 

                                                
35 Dobes, Leung, and Argyrous.; Smith and Braathen, “Monetary Carbon Values in Policy Appraisal: An Overview of 
Current Practice and Key Issues.” 
36 Pindyck, “Climate Change Policy.”; Dobes, Leung, and Argyrous, Social Cost-Benefit Analysis in Australia and New 
Zealand - The State of Current Practice and What Needs to Be Done. 
37 Smith and Braathen, “Monetary Carbon Values in Policy Appraisal: An Overview of Current Practice and Key 
Issues”; Dobes, Leung, and Argyrous, Social Cost-Benefit Analysis in Australia and New Zealand - The State of 
Current Practice and What Needs to Be Done. 
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market, and therefore the implied “cost of carbon”, is determined by the quantity constraint on 
emissions and its interaction with the marginal abatement costs of firms.38 
 
4. Willingness-to-Pay (WTP) Approach: 
 
Another way to assess the implied cost of carbon is to estimate how much people are willing to 
pay for a particular good or service, or the removal of goods and services, under a hypothetical 
scenario.  Stated preference techniques like WTP often involve asking respondents directly about 
their willingness to pay.  In some cases, WTP can also be inferred from market data (e.g. using 
vehicle-purchasing decisions to impute a person’s willingness to pay for lower fuel 
consumption).39 
 
Table 4 summarizes the advantages and disadvantages of each method used to monetize carbon 
values. 
 

Table 4: Primary Methods for Estimating the Cost of Carbon – Advantages and Disadvantages40 

Method  Advantages  Disadvantages 
Damage Costs 
Avoided (Social Cost 
of Carbon 

This approach attempts to assess 
overall net social damages and net 
social benefits from climate change 
– evaluating a wide range of 
environmental costs and benefits. 
 

Key limitations of the damage cost 
approach include the uncertainty in: 
predicting climatic impacts, 
assumptions related to adaptation, 
mitigation measures and feedback 
processes, the discount rate and the 
accuracy of the damage functions used 
in the assessment process.   
 

Abatement Cost 
Estimate Approach 

This is a simplified approach based 
on achieving specific targets.  
Advocates believe that abatement 
cost estimates have a smaller 
margin of error than carbon values 
based on estimates of the Social 
Cost of Carbon. 

Key limitations of the abatement cost 
approach include its inability to 
measure the social cost of climate 
change impacts. It is used primarily to 
compare the cost-effectiveness of 
different policy options for achieving 
target levels of emission reductions, 
rather than an assessment of overall 
net social benefits. Its use in cost-
benefit analyses is correspondingly 
limited. 
 

                                                
38 Smith and Braathen, “Monetary Carbon Values in Policy Appraisal: An Overview of Current Practice and Key 
Issues”; Dobes, Leung, and Argyrous, Social Cost-Benefit Analysis in Australia and New Zealand - The State of 
Current Practice and What Needs to Be Done. 
39 Dobes, Leung, and Argyrous, Social Cost-Benefit Analysis in Australia and New Zealand - The State of Current 
Practice and What Needs to Be Done. 
40 Smith and Braathen, “Monetary Carbon Values in Policy Appraisal: An Overview of Current Practice and Key 
Issues”; Dobes, Leung, and Argyrous, Social Cost-Benefit Analysis in Australia and New Zealand - The State of 
Current Practice and What Needs to Be Done. 
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Market Price of 
Carbon Approach 

This is a simplified approach based 
on market pricing. 
 

Carbon market prices are affected by a 
number of political and other factors 
that control the emissions allowances 
and exemptions for certain sectors or 
industries. Carbon market prices are 
therefore dependent on policy 
decisions, and do not necessarily 
reveal the strength of public 
preferences for environmental quality, 
or an accurate value of climate change 
damages. If the market price of carbon 
truly reflected the Social Cost of 
Carbon emissions, it could potentially 
offer an effective estimate for cost-
benefit-analyses, however, most 
traded carbon prices currently fall 
between $2-$14 – prices much lower 
than most estimates of the cost of 
abatement or the Social Cost of 
Carbon.  These low values may not 
accurately represent the social cost of 
climate change due to emissions. 

Willingness-to-Pay 
Approach 

This is a simplified approach based 
on a person’s (stated or implied) 
willingness-to-pay for avoiding 
climate change damages. 

Hedonic pricing requires market data, 
and these are only available for 
contemporary or past situations.  
Application to future conditions 
requires subjective judgement or 
extrapolation.  
 

 
 
Several countries estimate carbon values for use in policy analysis and project evaluations, 
primarily relying on the damage costs avoided approach and abatement cost approach.41  A 
summary of the carbon values used by OECD countries and detailed examples from the United 
States, United Kingdom, and Canada are available in Appendix 3.  
 
Monetized carbon values are not widely used in emerging markets yet, however, a select number 
of studies provide estimates of the Social Cost of Carbon for specific regions and sectors.  Two 
recent examples include: 
 
 

                                                
41 Smith and Braathen, “Monetary Carbon Values in Policy Appraisal: An Overview of Current Practice and Key 
Issues.” 
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IMF Working Paper (2014):42 
• This paper calculates how much pricing of carbon dioxide (CO2) emissions is in the 

national interest of select countries due to domestic co-benefits (i.e. not including global 
climate benefits).  

• Results are provided for the top twenty CO2 emitting countries, and prices are based on 
country estimates of (non-CO2) environmental damages by fossil fuel product. 

• On average, the study finds that nationally efficient prices are $57.5 per tonne of CO2 (for 
year 2010), primarily reflecting health co-benefits from reduced air pollution at coal 
plants and, in some cases, reductions in automobile externalities (net of fuel 
taxes/subsidies). 

• Emerging market examples noted in the study include India with a socially efficient price 
of carbon at approximately $30/tonne of CO2, South Africa at approximately $9/tonne of 
CO2, Mexico at about $51/tonne of CO2, and China at $63/tonne of CO2. 

 
Figure 3: Nationally Efficient CO2 Prices Due to Domestic Co-Benefits, 2010 

 
 

 
                                                
42 Parry, Veung, and Heine, “How Much Carbon Pricing Is in Countries’ Own Interests?” 

Source: IMF Working Paper, “How Much Carbon Pricing is in Countries’ Own Interests?” (2014) 
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Nordhaus (2016):43 
• In this study, William Nordhaus presents updated estimates based on a revised DICE 

model (Dynamic Integrated model of Climate and the Economy) – one of the major IAMs 
used by scholars and governments for estimating the SCC. 

• Nordhaus estimates that the global SCC is $31 per ton of CO2 in 2010 USD for the current 
period. 

• The study also disaggregates the global SCC into regional SCC’s using output shares for 
each region.  Output shares are based on the discounted values of regional GDP. 

•  Emerging markets noted in the study include China with a regional SCC for 2015 
emissions of approximately $6.61 in 2010 USD ($7.52 in 2017 USD), and India with a 
regional SCC for 2015 emissions of $2.93 in 2010 USD ($3.33 in 2017 USD). 

• These regional estimates represent the marginal damages of emissions for a particular 
country or region, making them important for understanding climate change impacts at 
a more localized level.   

• Nordhaus cautions, however, that regional estimates are still poorly understood, and 
damage estimates, particularly those for poor regions, have proven the most difficult to 
develop firm numbers for. 

 

Figure 4: Nordhaus 2016 DICE Model Update – Regional Social Cost of Carbon 

 

Given the global nature of climate change, the need for global action, and the uncertainty 
around regional SCC estimates – the use of a global SCC estimate is ideal for use in cost-benefit 
analyses.  The context of climate change policy differs from the context of many other pollution 
control measures because the effects of climate change are driven entirely by global emissions, 
and the actions of one country can affect all others.  The use of a global SCC is particularly 

                                                
43 Nordhaus, “Revisiting the Social Cost of Carbon.” 

Source: Nordhaus, “Revisiting the Social Cost of Carbon” (2016) 
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important for countries that have made global commitments to reduce their greenhouse gas 
emissions.44  
 
For emerging markets, however, implementation of a global SCC estimate has several practical 
challenges, including the fact that many emerging markets have yet to make global commitments 
to cut GHG emissions, and the use of global estimates are often inconsistent with standard cost-
benefit guidance (in which benefits are typically confined to the jurisdiction bearing the cost) and 
may require some adaptation compared to current practices.45  In addition, a global SCC estimate 
may not resonate as well with certain stakeholders, particularly policymakers and citizens at the 
local municipality level. 
 
Taking these challenges and concerns into account, the cost-benefit-analysis presented in this 
study considers two different scenarios.  Scenario 1 uses a regional estimate of SCC for India, 
based on Nordhaus’s 2016 update of the DICE IAM model.  Using the same output share % for 
India and the same baseline values, which assume a 4.14% discount rate, a Social Cost of Carbon 
for 2017 emissions was estimated for India, and then converted to 2017 USD for consistency.  
The DICE model was chosen because it is one of the major IAMs used by scholars and 
governments, it was very recently updated, and provides regional estimates.  The DICE Model 
also tries to incorporate the potential for catastrophic events due to climate change, an area that 
some researchers believe is lacking or underestimated in many other IAMs.46 
 
Scenario 2 uses a global estimate of SCC, based on the SCC estimates recommended by the U.S. 
Interagency Working Group (IWG).  Using the central values, which assume a 3% discount rate, 
an SCC for 2017 emissions was estimated and converted to 2017 USD.  The U.S. SCC estimates 
were chosen because they are based on established IAM models (including DICE), the estimates 
were recently peer reviewed by the International Academies of Sciences, Engineering and 
Medicine, and they are widely used both inside and outside the U.S.47  In addition, several studies 
believe the US recommended SCC values underestimate the damages from climate change, and 
they are generally considered to be conservative.48 
 
For purpose of the cost benefit analysis, the regional SCC for India (Scenario 1) provided a low 
range for the Social Cost of Carbon estimate, and the global SCC recommended by the US 
(Scenario 2) provided the upper range.   
  

                                                
44 Interagency Working Group on Social Cost of Greenhouse Gases, United States Government, “Technical Support 
Document: Technical Update of the Social Cost of Carbon for Regulatory Impact Analysis Under Executive Order 
12866”; Smith and Braathen, “Monetary Carbon Values in Policy Appraisal: An Overview of Current Practice and 
Key Issues.” 
45 Smith and Braathen, “Monetary Carbon Values in Policy Appraisal: An Overview of Current Practice and Key 
Issues.” 
46 Smith and Braathen. 
47 Smith and Braathen; Institute for Policy Integrity, “Social Costs of Greenhouse Gases.”; Interagency Working 
Group on Social Cost of Greenhouse Gases, United States Government, “Technical Support Document: Technical 
Update of the Social Cost of Carbon for Regulatory Impact Analysis Under Executive Order 12866.” 
48 Pindyck, “The Social Cost of Carbon Revisited”; Institute for Policy Integrity, “Social Costs of Greenhouse Gases”; 
Moore and Diaz, “Temperature Impacts on Economic Growth Warrant Stringent Mitigation Policy.” 
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3.5 Aggregated Cost-Benefit-Analysis 
 
Once the Social Cost of Carbon and other potential benefits were selected and quantified, the 
last step in the methodology process was completing an aggregated cost-benefit-analysis by 
comparing project costs with the potential benefits for each landfill configuration.   
 
For the final cost-benefit analysis, costs were estimated and presented in two formats: 1) Costs 
per tonne of waste, and 2) Costs per year using the hypothetical landfill noted earlier, receiving 
437,270 tonnes of waste per year.   
 
For per tonne estimates of the cost savings or revenue for specific benefits, each benefit factor 
was multiplied by its potential revenue or cost savings.  This provided an implied revenue or cost 
savings per tonne of waste received, specific to each benefit and each landfill configuration.  
 
Formula (a): Benefit Factor/Tonne (factor specific to the landfill configuration) x Potential 
Revenue or Cost Savings/Tonne = Implied Revenue or Cost Savings/Tonne from the Specified 
Benefit 

Example: Open Dump tCO2e Emissions/Tonne of waste = 1.26; Social Cost of Carbon/tCO2e = 
$3.60/Tonne 
 
Implied Social Cost of Carbon/Tonne of waste for Open Dump = 1.26 x $3.60 = $4.52 

 
For the annualized estimates, the project cost, revenue or cost savings per tonne of waste for 
each landfill was multiplied by the total tonnes of waste received by the landfill each year. 

Formula (b): Cost, Revenue or Cost Savings/Tonne (factor specific to the landfill configuration) x 
Tonnes of Waste Received Each Year = Annualized Cost, Revenue or Cost Savings for each Landfill 
Configuration 

Example: Open Dump OPEX and CAPEX Costs/Tonne of Waste = $10; Total Tonnes of Waste 
Received by the Hypothetical Landfill Each Year = 437,347 tonnes 
 
Open Dump Annual OPEX and CAPEX Costs = $10 x 437,347 tonnes = $4,373,474 
 
In the aggregated cost-benefit analysis, the Social Cost of Carbon and potential revenue or cost 
savings were treated separately in order to isolate impacts from the Social Cost of Carbon and 
other potential benefits.  This provided three total costs as outlined in Table 5. 
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Table 5: Aggregated Cost-Benefit Analysis Approach 

Project Costs 
(+) Total OPEX and CAPEX Costs 
Social Cost of Carbon 
(+) Social Cost of Carbon (savings) 
Other Potential Benefits 
(-) Revenue from Electricity Sold 
(-) Revenue from Compost Sold 
(-) Revenue from Recyclables Sold 
(-) Value of Reduced Land Capacity 
(-) Revenue from Selling Voluntary Carbon Offsets 
TOTAL COST 1 (Project Costs – Revenue/Cost Savings from Other Potential Benefits) 
TOTAL COST 2 (Project Costs + Social Cost of Carbon) 
TOTAL COST 3 (Project Costs + Social Cost of Carbon – Revenue/Cost Savings from Other Potential Benefits) 

  
3.6 Limitations to the Data 
 
The cost and benefit estimates used in this study serve as a benchmark and provide a useful 
example of how the model can be executed, but the parameters and inputs used, the accuracy 
of the data, and outcomes from the model should all be treated with a degree of caution.  
 
The costs and benefits of the different landfill configurations can vary considerably due to several 
factors.  Landfill costs, for example, vary depending on characteristics of the landfill, as well as 
regional differences in the cost of land and wages.  Similarly, benefits vary depending on the 
location of the landfill, the composition of the waste, the effectiveness of the treatment 
alternatives, as well as the time frame applied in the assessment.  A relatively small increase in 
the percentage of methane, for example, can lead to a significant increase in GHG emissions if 
there is no gas collection at the landfill.  On the other hand, the same increase in methane can 
also lead to significant cost savings if the gas is captured and utilized for electricity.   
 
The cost-benefit model provides a baseline, but it is important to recognize that the inputs used 
can influence the results of the model significantly – and, more importantly, the inputs can vary 
considerably depending on the characteristics of the landfill and location of interest.  
 
In addition to this inherent variability, data for specific waste management practices, particularly 
in emerging markets, is also very limited and often incomplete.  The estimates used in the cost-
benefit model were pieced together from several different case studies, covering different 
countries and sometimes using different assumptions.  Where possible, case studies from 
emerging market contexts were prioritized and ranges were provided if they were available, 
however, not all of the underlying differences could be normalized or corrected for. 
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Source: BBC News (2012) Photo Credit: Micah Albert 
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4. Findings 
 
4.1 Economic Costs 
 
Table 6 presents a summary of the total cost per tonne of waste for each landfill configuration.  
In cases where ranges were available, an upper and lower range was provided for the associated 
landfill configuration.     
 
As expected, Table 6 demonstrates that the Open Dump is the least expensive option from a 
purely economic standpoint.  Among the configurations with enhanced waste management 
measures, the data suggests there is not much variation in cost per unit between the Simple 
Sanitary Landfill configurations, either with a top cover or flaring.   
 
The energy recovery landfills also show little variation, although the simplest configuration 
(energy recovery only) is the most expensive on average.  The cost range for the Energy Recovery 
Landfill, plus Composting or Recycling, is lower because the per unit costs for composting and 
recycling are both lower on a standalone basis.  This is somewhat muted in the combined landfill 
costs due to the relatively conservative estimates used for the composting and recycling rates.   
 
Additional detail on the sources and assumptions used can be found in Appendix 1.    
 

Table 6: Unit Cost Estimates for Six Landfill Configurations (OPEX and CAPEX Onsite)  

UNIT 

Open Dump 
Simple Sanitary 

Landfill (with top 
cover) 

Simple Sanitary 
Landfill (with 

flaring) 

Energy Recovery 
Landfill 

Energy Recovery 
Landfill + 

Composting 

Energy Recovery 
Landfill + Recycling 

Upper 
Range 

Lower 
Range 

Upper 
Range 

Lower 
Range 

Upper 
Range 

Lower 
Range 

Upper 
Range 

Lower 
Range 

Upper 
Range 

Lower 
Range 

Upper 
Range 

Lower 
Range 

$/Tonne $10.00 $2.00 $38.57 $7.19 $40.00 $10.00 $46.16 $17.03 $44.31 $13.42 $44.63 $16.69 
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4.2 Estimating Social and Environmental Benefits 
 
Table 7 presents a summary of the factors and input parameters used to estimate the selected 
social and environmental benefits per tonne of waste. 
 
Additional detail on the sources and assumptions used can be found in Appendix 1.      

 

Table 7:  Per Tonne Estimates of Social and Environmental Benefits for Six Landfill Configurations  

Factors and Input 
Parameters Per 

Tonne 

Open Dump 
Simple Sanitary 

Landfill (with top 
cover) 

Simple Sanitary 
Landfill (with 

flaring) 

Energy Recovery 
Landfill Composting Recycling 

Upper 
Range 

Lower 
Range 

Upper 
Range 

Lower 
Range 

Upper 
Range 

Lower 
Range 

Upper 
Range 

Lower 
Range 

Upper 
Range 

Lower 
Range 

Upper 
Range 

Lower 
Range 

GHG Emissions Factors 
(tCO2eq/tonne)49 1.26 0.61 1.42 0.82 0.57 0.10 0.25 0.01 0.30 (0.15) 0.004 (3.12) 

Waste Composted (%)A 0% 0% 0% 0% 0% 0% 0% 0% 27% 0% 0% 

Compost Generation 
(tonnes of compost / 
tonne of organic waste 
input) 

0 0 0 0 0 0 0 0 0.50 0.36 0 0 

Waste Recycled (%)B 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 10% 

Energy Consumption 
Factors (kWh/tonne) 7.67 7.15 12.05 7.15 12.05 7.15 20.79 20.79 26.46 25.00 7.8 7.8 

Energy Generation 
Factors (kWh/tonne) 0 0 0 0 0 0 74.41 68.36 0 0 0 0 

Land Capacity Needed 
for Final Disposal 
(M2/tonne) 

0.205 0.143 0.205 0.143 0.205 0.143 0.205 0.143 0.143 0.141 0.143 0.141 

Leachate Generated 
(L/tonne) 4.55 2.25 2.25 2.25 0 0 

Leachate Collection 
Efficiency (%) 0% 80% 100% 100% N/A N/A 

A Based on an assumed 30% composting rate; 10% residual rate 
B Based on an assumed 10% recycling rate 

 
 

                                                
49 Higher GHG emissions in a simple sanitary landfill (with top cover only) compared to the open dump is not 
uncommon due to the additional emissions from landfill management (i.e. waste placement and compaction) and 
leachate treatment, which are not present in open dump sites. (Yang et al., “Greenhouse Gas Emissions during 
MSW Landfilling in China.”) 
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Table 8 presents a summary of the daily social and environmental benefits associated with each 
landfill configuration, based on the factors outlined in Table 7 multiplied by the tonnes of waste 
received each day by the hypothetical landfill.   
 

Table 8:  Daily Estimates of Social and Environmental Benefits for Six Landfill Configurations 

Social and 
Environmental 

Benefits 
Unit 

Open Dump 
Simple Sanitary 

Landfill ��
(with top cover only) 

Simple Sanitary 
Landfill  

(with flaring) 

Energy Recovery 
Landfill 

(Substituting/ 
Selling Electricity) 

Energy Recovery 
Landfill 

(Substituting/ 
Selling Electricity) + 

Composting 

Energy Recovery 
Landfill 

(Substituting/Selling 
Electricity) + 

Recycling 

Upper 
Range  

Lower 
Range  

Upper 
Range  

Lower 
Range  

Upper 
Range  

Lower 
Range  

Upper 
Range  

Lower 
Range  

Upper 
Range  

Lower 
Range  

Upper 
Range  

Lower 
Range  

Waste Generation Tonnes/day 
1,198.21 1,198.21 1,198.21 1,198.21 1,198.21 1,198.21 

Waste Composted 
(and diverted 
from landfill) Tonnes/day 

N/A N/A N/A N/A 323.52 N/A 

Waste Recycled 
(and diverted 
from landfill) Tonnes/day 

N/A N/A N/A N/A N/A 119.82 

Waste to Landfill Tonnes/day 
1,198.21 1,198.21 1,198.21 1,198.21 874.69 1,078.39 

% Reduction of 
Waste to Landfill % 

- - - - 27% 10% 

GHG Emissions 
tCO2 eq./ 
day 

1,505.58 727.31 1,703.83 981.93 678.19 121.26 294.16 9.52 311.79 (42.98) 265.22 (365.22) 

Change in GHG 
Emissions 
(compared to 
baseline) 

tCO2 eq./ 
day 

N/A 254.62 198.25 (860.68) (1,025.65) (972.41) (1,409.67) (1,024.91) (1,392.04) (1,347.15) (1,438.61) 

Energy 
Consumption Kwh/day 

9,191.76 8,566.83 14,444.20 8,566.83 14,444.20 8,566.83 24,908.04 24,908.04 26,741.60 26,270.80 23,351.84 23,351.84 

Energy 
Generation Kwh/day 

- - - 89,158.61 81,905.18 65,085.79 59,790.78 80,242.75 73,714.66 

Energy Export Kwh/day 
- - - 64,250.57 56,997.14 38,344.19 33,519.98 6,890.91 50,362.82 

Amount of 
compost 
generated for sale Tonnes/day 

- - - - 161.76 117.68 - 

Amount of 
recyclables 
generated for sale Tonnes/day 

- - - - - 119.82 

Land Capacity 
Needed for Waste 
Landfilling/ Final 
Disposal M2/day 

245.67 171.34 245.67 171.34 245.67 171.34 245.67 171.34 169.46 125.08 169.46 154.21 

Reduced Land 
Capacity Need 
(compared to 
baseline) M2/day 

N/A - - - - - - (46.26) (76.21) (17.13) (76.21) 

Reduced Land 
Capacity Need 
(compared to 
baseline) Ha/day 

N/A - - - - - - (0.00462) (0.00762) (0.00171) (0.00762) 

% Reduction of 
required land 
capacity for final 
disposal 
(compared to 
baseline) % 

N/A 0% 0% 0% 0% 0% 0% -27% -31% -10% -31% 

Leachate 
Generated L/day 

5,451.86 2,695.98 2,695.98 2,695.98 1,968.06 2,426.38 

Leachate 
Collected  L/day 

- 2,156.78 2,695.98 2,695.98 1,968.06 2,426.38 

Leachate 
Potentially 
Reaching 
Environment L/day 

5,451.86 539.20 - - - - 
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It is difficult to fully compare the six landfill configurations, since there is relatively wide variation 
in the ranges, however, some general observations can be made.  The Energy Recovery Landfill 
configurations reduced GHG emissions by the most, with the combination of Energy Recovery + 
Recycling performing the best and resulting in net savings in the lower range.  Many of the 
emissions factors used in the model were based on lifecycle assessments (LCA’s), which look at 
all stages of a product.  As a result, negative GHG emissions values are possible, and generally 
reflect either carbon sequestration or preventing emissions that would have occurred elsewhere.  
Recycling, for example, often results in a net savings of GHG emissions because it is assumed that 
recycled material will replace virgin material in the manufacturing process.50   
 
Looking at the energy metrics next, the Open Dump and Simple Sanitary Landfills unsurprisingly 
consume the least amount of energy overall.  While being more energy intensive, however, the 
Energy Recovery Landfills also generate their own energy, and in all cases, produce excess energy 
that can be exported.  Composting and recycling plants generate no energy themselves, despite 
other environmental benefits, which explains why they produce less energy than the standalone 
Energy Recovery Landfill.  The difference in energy exports is driven entirely by the amount of 
waste either composted or recycled, which is not diverted to the landfill for energy recovery. 
 
Another benefit of enhanced waste management practices is that they generally allow for more 
efficient use of the land available.  Tables 7 and 8 show a significant decrease in the land capacity 
needed for final disposal in both the Energy Recovery Landfill + Composting, and the Energy 
Recovery Landfill + Recycling, since these two configurations divert waste away from the landfill.  
The difference in the land required is again driven by the percentage of waste diverted.  
Composting performs better in this case because 30% of the waste is composted, compared to a 
10% recycling rate.   
 
Tables 7 and 8 also show a downward trend in the potential for leachate pollution as enhanced 
waste management practices are added.  In addition to reducing the amount of leachate 
generated, leachate capture and treatment systems also reduce the amount of leachate that can 
potentially enter the environment.  For purposes of this study, it was assumed that the average 
leachate control system collects and treats about 80% of the leachate generated for a Simple 
Sanitary Landfill (with top cover only), based on the assumption that there is likely some leakage 
that isn’t controlled for.51  A collection efficiency of 100% was applied to the remaining landfill 
configurations with leachate management systems, based on SUEZ’s estimate for more advanced 
waste management facilities. 
 

4.3 Quantifying Social and Environmental Benefits 
 
Table 9 presents estimates of cost savings and new revenue per unit that could potentially be 
gained from each measurable benefit.  Tables 10 and 11 quantify the benefits for each landfill on 
an annualized basis, using the per unit cost savings or new revenue, total tonnes of waste 
received each year, and the benefit metrics for each landfill.   
                                                
50 Friedrich and Trois, “Current and Future Greenhouse Gas (GHG) Emissions from the Management of Municipal 
Solid Waste in the EThekwini Municipality – South Africa.” 
51 Abduli et al., “Life Cycle Assessment (LCA) of Solid Waste Management Strategies in Tehran.” 
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Table 10 is based on the global Social Cost of Carbon (SCC) estimate, which represents the upper 
range of the SCC value.  Table 11 is based on the regional SCC for India, which represents the 
lower range of the SCC value.  The remaining estimates are equivalent across the tables.   
 
The potential for cost savings comes from the Social Cost of Carbon and the value of the reduced 
land capacity required for final disposal.  Revenue comes from the potential to sell voluntary 
carbon offsets, excess energy, compost and/or recyclables. 
 
Additional detail on the sources and assumptions used can be found in Appendix 1. 

Table 9: Per Unit Cost Savings and New Revenue from Benefits 

Potential Cost Savings/New Revenue Per Unit Unit Upper Range Lower Range 

Social Cost of Carbon (SCC) $/tCO2e $46.77A $3.60B 

Selling Voluntary Carbon Offsets $/tCO2e $1.80 

Selling Excess Electricity $/kWh $0.07 $0.04 

Selling Compost $/tonne of compost $46.28 $10.92 

Selling Recyclables $/tonne of recyclables $138.07 $109.19 

Value of Reduced Land Capacity $/Ha $11,738,329 $750,000 
A SCC upper range of $46.77 reflects the global SCC estimate. 
B SCC lower range of $3.60 reflects the regional SCC estimate for India. 

 

Table 10: Annualized Cost Savings and New Revenue from Benefits – Using Regional SCC Estimate for India 

 

 

Annualized Cost 
Savings and New 

Revenue from 
Benefits 

Unit 

Open Dump 

Simple Sanitary 
Landfill ��

(with top cover 
only) 

Simple Sanitary 
Landfill  

(with flaring) 

Energy Recovery 
Landfill (Substituting/ 

Selling Electricity) 

Energy Recovery 
Landfill (Substituting/ 

Selling Electricity) + 
Composting 

Energy Recovery 
Landfill 

(Substituting/Selling 
Electricity) + 

Recycling 

Upper 
Range  

Lower 
Range  

Upper 
Range  

Lower 
Range  

Upper 
Range  

Lower 
Range  

Upper 
Range  

Lower 
Range  

Upper 
Range  

Lower 
Range  

Upper 
Range  

Lower 
Range  

Social Cost of Carbon $/year 
$1,978,335 $955,692 $2,238,839 $1,290,262 $891,139 $159,334 $386,528 $12,511 $409,696 $(56,470) $348,505 $(479,896) 

Change in Social Cost 
of Carbon (compared 
to baseline) $/year 

N/A $334,571 $260,504 $(1,130,928) $(1,347,700) $(1,277,751) $(1,852,312) $(1,346,732) $(1,829,144) $(1,770,158) $(1,890,335) 

Revenue from 
Voluntary Carbon 
Offsets  
(based on reduced 
GHG emissions) $/year 

N/A - - $673,850 $565,464 $926,156 $638,875 $914,572 $673,366 $945,167 $885,079 

Electricity Sold $/year 
- - - - - - $1,641,602 $832,124 $979,694 $489,372 $1,453,563 $735,267 

Compost Sold $/year 
- - - - - - - - $2,732,459 $469,063 - - 

Recyclables Sold $/year 
- - - - - - - - - - $6,038,456 $4,775,396 

Value of Reduced 
Land Capacity $/year 

N/A - - - - - - $19,821,322 $2,086,257 $7,341,231 $2,086,257 
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Table 11: Annualized Cost Savings and New Revenue from Benefits – Using Global SCC Estimate  

 
The Social Cost of Carbon and voluntary carbon offsets are based on GHG emissions and result in 
either cost savings or revenue only in the event of emissions reductions.  Tables 9-11 show that 
this applies to almost all of the landfill configurations with enhanced waste management 
measures since they consistently result in GHG emissions reductions compared to their 
baseline.52  The one exception is the Sanitary Landfill (with a top cover only), which has higher 
GHG emissions on average compared to the Open Dump.  This is a result of the additional 
emissions from leachate treatment and landfill management, such as waste placement and 
compaction – technical measures that are not present in the Open Dump.53 
 
The landfills that benefit most from changes in the Social Cost of Carbon and selling voluntary 
carbon offsets, if certified to do so, are the Energy Recovery Landfills, with the combination of 
Energy Recovery + Recycling performing the best once again.  In Table 10, the regional SCC 
estimate for India does not result in significant emissions related social costs for any of the landfill 
configurations due to the low value.  In Table 11, however, the global SCC estimate results in 
substantial emissions related social costs, particularly for the Open Dump and Simple Sanitary 
Landfills.   
 
                                                
52 To estimate reductions, the simple sanitary landfill (with top cover only) was compared to the open dump.  All 
other landfill configurations were compared to the simple sanitary landfill (with top cover only), assuming this was 
a better baseline for the more enhanced landfill configurations. 
53 Yang et al., “Greenhouse Gas Emissions during MSW Landfilling in China.” 

Annualized 
Cost 

Savings and 
New 

Revenue 
from 

Benefits 

Unit 

Open Dump 

Simple Sanitary 
Landfill ��

(with top cover 
only) 

Simple Sanitary 
Landfill  

(with flaring) 

Energy Recovery 
Landfill (Substituting/ 

Selling Electricity) 

Energy Recovery 
Landfill (Substituting/ 

Selling Electricity)  
+ Composting 

Energy Recovery  
Landfill (Substituting/ 

Selling Electricity)  
+ Recycling 

Upper 
Range  

Lower 
Range  

Upper 
Range  

Lower 
Range  

Upper 
Range  

Lower 
Range  

Upper 
Range  

Lower 
Range  

Upper 
Range  

Lower 
Range  

Upper 
Range  

Lower 
Range  

Social Cost of 
Carbon $/year 

$25,701,871 $12,416,026 $29,086,252 $16,762,658 $11,577,382 $2,070,019 $5,021,638 $162,545 $5,322,630 $(733,637) $4,527,656 $(6,234,647) 

Change in 
Social Cost of 
Carbon 
(compared to 
baseline) $/year 

N/A $4,346,632 $3,384,381 $(14,692,638) $(17,508,871) $(16,600,113) $(24,064,614) $(17,496,295) $(23,763,623) $(22,997,305) $(24,558,596) 

Revenue 
from 
Voluntary 
Carbon 
Offsets 
(based on 
reduced GHG 
emissions) $/year 

N/A - - $673,850 $565,464 $926,156 $638,875 $914,572 $673,366 $945,167 $885,079 

Electricity 
Sold $/year 

- - - - - - $1,641,602 $832,124 $979,694 $489,372 $1,453,563 $735,267 

Composting 
Sold $/year 

- - - - - - - - $2,732,459 $469,063 - - 

Recyclables 
Sold $/year 

- - - - - - - - - - $6,038,456 $4,775,396 

Value of 
Reduced 
Land Capacity $/year 

N/A - - - - - - $19,821,322 $2,086,257 $7,341,231 $2,086,257 
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Potential revenue from selling electricity, compost and/or recyclables applies only to the Energy 
Recovery Landfills that include the relevant technical measures.  The potential revenue from 
these benefits is meaningful, with recycling providing the highest benefit, but it is not significant 
relative to total project costs.   
 
A more significant contribution is the potential revenue and/or cost savings realized from 
reducing the land capacity needed for final disposal.  This benefit only applies to the Energy 
Recovery Landfill + Composting and the Energy Recovery Landfill + Recycling because it was 
assumed that only composting and recycling would materially divert waste from the landfill.  
Tables 10 and 11 demonstrate that reducing the land capacity needed for final disposal can result 
in substantial benefits.   
 
In the case where the global SCC estimate is applied, the SCC has the largest impact on potential 
cost savings, but in the case where the regional SCC for India is applied, the value of reduced land 
capacity is the largest driver of total cost savings and/or potential revenue.  The value of land 
used in the model is based on the value of land occupied by Mumbai’s landfills, as estimated by 
a government study.54  The value is high as a result of Mumbai’s significant growth and recent 
economic development, which has resulted in the city’s dumpsites becoming increasingly central 
as the city and its suburbs continue to spread.  While this high value makes sense for a city like 
Mumbai and helps to explain why the value of land contributes significantly to potential benefits, 
it should be noted that the estimate may be too high for other cities, particularly if their current 
landfills are not located near prime real estate.  
 
4.4 Aggregated Cost-Benefit-Analysis 
 
Tables 12-15 present an aggregated cost-benefit analysis that brings all of the estimates together 
– comparing the cost of constructing, operating and maintaining each landfill configuration with 
the potential cost savings and new revenue that could be realized from the assessed benefits.  
Tables 12 and 13 present total costs on a per tonne and annualized basis, using the regional SCC 
estimate for India.  Tables 14 and 15 present the same cost analysis but using the global SCC 
estimate. 

Table 12: Per Tonne Cost-Benefit-Analysis – Using Regional SCC Estimate for India 

Aggregated 
Costs and 

Benefits Per 
Tonne 

Unit 
Open Dump Simple Sanitary Landfill 

�(with top cover only) 
Simple Sanitary 

Landfill �(with flaring) 

Energy Recovery 
Landfill 

(Substituting/Selling 
Electricity) 

Energy Recovery 
Landfill 

(Substituting/Selling 
Electricity)  

+ Composting 

Energy Recovery 
Landfill 

(Substituting/Selling 
Electricity)  
+ Recycling 

Upper  
Range 

Lower 
Range 

Upper 
Range 

Lower 
Range 

Upper 
Range 

Lower 
Range 

Upper 
Range 

Lower 
Range 

Upper 
Range 

Lower 
Range 

Upper 
Range 

Lower  
Range  

PROJECT COSTS (ANNUALIZED CAPEX AND OPEX) 

(+) OPEX and 
CAPEX Costs 

$/Tonne $10.00 $2.00 $38.57 $7.19 $40.00 $10.00 $46.16 $17.03 $44.31 $13.42 $44.63 $16.69 

TOTAL $10.00 $2.00 $38.57 $7.19 $40.00 $10.00 $46.16 $17.03 $44.31 $13.42 $44.63 $16.69 

SOCIAL COST OF CARBON 

(+) Implied Social 
Cost of Carbon / 
Tonne 

$/Tonne $4.52 $2.19 $5.12 $2.95 $2.04 $0.36 $0.88 $0.03 $0.94 $(0.13) $0.80 $(1.10) 

TOTAL $4.52 $2.19 $5.12 $2.95 $2.04 $0.36 $0.88 $0.03 $0.94 $(0.13) $0.80 $(1.10) 

                                                
54 Shrivastava and Antony, “Mumbai Is Overflowing with Garbage.” 
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OTHER POTENTIAL BENEFITS 

(-) Implied 
Revenue from 
Electricity Sold / 
Tonne 

$/Tonne 

- - - - - - $3.75 $1.90 $2.24 $1.12 $3.32 $1.68 

(-) Implied 
Revenue from 
Compost Sold / 
Tonne 

$/Tonne 

- - - - - - - - $6.25 $1.07 - - 

(-) Implied 
Revenue from 
Recyclables Sold 
/ Tonne 

$/Tonne 

- - - - - - - - - - $13.81 $10.92 

(-) Implied 
Revenue or Cost 
Savings from 
Reduced Land 
Capacity / Tonne 

$/Tonne 

- - - - - - - - $45.32 $4.77 $16.79 $4.77 

(-) Implied 
Revenue from 
Voluntary 
Carbon Offsets 
Sold / Tonne 

$/Tonne 

- - - - $1.54 $1.29 $2.12 $1.46 $2.09 $1.54 $2.16 $2.02 

TOTAL - - - - $1.54 $1.29 $5.87 $3.36 $55.90 $8.50 $36.08 $19.39 

AGGREGATED COST-BENEFIT-ANALYSIS 

TOTAL PROJECT COSTS PER 
TONNE #1 (PROJECT COSTS - 
OTHER POTENTIAL BENEFITS) 

$10.00 $2.00 $38.57 $7.19 $38.71 $8.46 $42.80 $11.16 $35.81 $(42.48) $25.23 $(19.39) 

AVERAGE $6.00 $22.88 $23.58 $26.98 $(3.33) $2.92 

TOTAL PROJECT COSTS PER 
TONNE #2 (PROJECT COSTS + 
SOCIAL COST OF CARBON) 

$14.52 $4.19 $43.69 $10.14 $42.04 $10.36 $47.04 $17.06 $45.25 $13.29 $45.42 $15.59 

AVERAGE $9.35 $26.91 $26.20 $32.05 $29.27 $30.51 

TOTAL PROJECT COSTS PER 
TONNE #3 (PROJECT COSTS + 
SOCIAL COST OF CARBON - 
OTHER POTENTIAL BENEFITS) 

$14.52 $4.19 $43.69 $10.14 $40.74 $8.82 $43.68 $11.19 $36.75 $(42.61) $26.03 $(20.49) 

AVERAGE $9.35 $26.91 $24.78 $27.43 $(2.93) $2.77 

Table 13: Annualized Cost-Benefit-AnalysisA – Using Regional SCC Estimate for India  

Aggregated 
Costs and 
Benefits - 

Annualized 

Unit 
Open Dump Simple Sanitary Landfill 

�(with top cover only) 
Simple Sanitary 

Landfill �(with flaring) 

Energy Recovery 
Landfill 

(Substituting/Selling 
Electricity) 

Energy Recovery 
Landfill 

(Substituting/Selling 
Electricity)  

+ Composting 

Energy Recovery Landfill 
(Substituting/Selling 

Electricity)  
+ Recycling 

Upper  
Range 

Lower 
Range 

Upper 
Range 

Lower 
Range 

Upper 
Range 

Lower 
Range 

Upper 
Range 

Lower 
Range 

Upper 
Range 

Lower 
Range 

Upper 
Range 

Lower  
Range  

PROJECT COSTS (ANNUALIZED CAPEX AND OPEX) 

(+) Annual OPEX 
and CAPEX Costs $/year $4,373,474 $874,695 $16,868,489 $3,144,528 $17,493,896 $4,373,474 $20,187,956 $7,448,334 $19,379,738 $5,869,855 $19,517,065 $7,297,856 

TOTAL $4,373,474 $874,695 $16,868,489 $3,144,528 $17,493,896 $4,373,474 $20,187,956 $7,448,334 $19,379,738 $5,869,855 $19,517,065 $7,297,856 

SOCIAL COST OF CARBON 

(+) Social Cost of 
Carbon (savings) $/year $1,978,335 $955,692 $2,238,839 $1,290,262 $891,139 $159,334 $386,528 $12,511 $409,696 $(56,470) $348,505 $(479,896) 

TOTAL $1,978,335 $955,692 $2,238,839 $1,290,262 $891,139 $159,334 $386,528 $12,511 $409,696 $(56,470) $348,505 $(479,896) 

OTHER POTENTIAL BENEFITS 

(-) Revenue from 
Electricity Sold $/year - - - - - - $1,641,602 $832,124 $979,694 $489,372 $1,453,563 $735,267 

(-) Revenue from 
Compost Sold $/year - - - - - - - - $2,732,459 $469,063 - - 
(-) Revenue from 
Recyclables Sold $/year - - - - - - - - - - $6,038,456 $4,775,396 

(-) Value of 
reduced land 
capacity $/year - - - - - - - - $19,821,322 $2,086,257 $7,341,231 $2,086,257 

(-) Revenue from 
Voluntary 
Carbon Offsets $/year - - - - $673,850 $565,464 $926,156 $638,875 $914,572 $673,366 $945,167 $885,079 

TOTAL - - - - $673,850 $565,464 $2,567,758 $1,470,999 $24,448,047 $3,718,057 $15,778,416 $8,481,999 
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AGGREGATED COST-BENEFIT-ANALYSIS 

TOTAL ANNUAL PROJECT 
COSTS #1 (PROJECT COSTS - 
OTHER POTENTIAL BENEFITS) 

$4,373,474 $874,695 $16,868,489 $3,144,528 $16,928,432 $3,699,624 $18,716,957 $4,880,577 $15,661,681 $(18,578,192) $11,035,066 $(8,480,560) 

AVERAGE $2,624,084 $10,006,508 $10,314,028 $11,798,767 $(1,458,256) $1,277,253 

TOTAL ANNUAL PROJECT 
COSTS #2 (PROJECT COSTS + 
SOCIAL COST OF CARBON) 

$6,351,809 $1,830,386 $19,107,328 $4,434,790 $18,385,035 $4,532,808 $20,574,484 $7,460,846 $19,789,434 $5,813,385 $19,865,570 $6,817,960 

AVERAGE $4,091,098 $11,771,059 $11,458,922 $14,017,665 $12,801,410 $13,341,765 

TOTAL ANNUAL PROJECT 
COSTS #3 (PROJECT COSTS + 
SOCIAL COST OF CARBON - 
OTHER POTENTIAL BENEFITS) 

$6,351,809 $1,830,386 $19,107,328 $4,434,790 $17,819,571 $3,858,958 $19,103,484 $4,893,088 $16,071,376 $(18,634,662) $11,383,571 $(8,960,456) 

AVERAGE $4,091,098 $11,771,059 $10,839,265 $11,998,286 $(1,281,643) $1,211,557 

A Annualized costs estimated by multiplying per tonne costs by tonnes of waste received by hypothetical landfill each year (437,347 tonnes). 

Table 14: Per Tonne Cost-Benefit-Analysis – Using Global SCC Estimate 

Aggregated 
Costs and 

Benefits Per 
Tonne 

Unit 
Open Dump Simple Sanitary Landfill 

�(with top cover only) 
Simple Sanitary 

Landfill �(with flaring) 

Energy Recovery 
Landfill 

(Substituting/Selling 
Electricity) 

Energy Recovery 
Landfill 

(Substituting/Selling 
Electricity)  

+ Composting 

Energy Recovery 
Landfill 

(Substituting/Selling 
Electricity)  
+ Recycling 

Upper  
Range 

Lower 
Range 

Upper 
Range 

Lower 
Range 

Upper 
Range 

Lower 
Range 

Upper 
Range 

Lower 
Range 

Upper 
Range 

Lower 
Range 

Upper 
Range 

Lower  
Range  

PROJECT COSTS (ANNUALIZED CAPEX AND OPEX) 

(+) OPEX and 
CAPEX Costs 

$/Tonne $10.00 $2.00 $38.57 $7.19 $40.00 $10.00 $46.16 $17.03 $44.31 $13.42 $44.63 $16.69 

TOTAL $10.00 $2.00 $38.57 $7.19 $40.00 $10.00 $46.16 $17.03 $44.31 $13.42 $44.63 $16.69 

SOCIAL COST OF CARBON 

(+) Implied Social 
Cost of Carbon / 
Tonne 

$/Tonne 

$58.77 $28.39 $66.51 $38.33 $26.47 $4.73 $11.48 $0.37 $12.17 $(1.68) $10.35 $(14.26) 

TOTAL $58.77 $28.39 $66.51 $38.33 $26.47 $4.73 $11.48 $0.37 $12.17 $(1.68) $10.35 $(14.26) 

OTHER POTENTIAL BENEFITS 

(-) Implied 
Revenue from 
Electricity Sold / 
Tonne 

$/Tonne 

- - - - - - $3.75 $1.90 $2.24 $1.12 $3.32 $1.68 

(-) Implied 
Revenue from 
Compost Sold / 
Tonne 

$/Tonne 

- - - - - - - - $6.25 $1.07 - - 

(-) Implied 
Revenue from 
Recyclables Sold / 
Tonne 

$/Tonne 

- - - - - - - - - - $13.81 $10.92 

(-) Implied 
Revenue or Costs 
Savings from 
Reduced Land 
Capacity / Tonne 

$/Tonne 

- - - - - - - - $45.32 $4.77 $16.79 $4.77 

(-) Implied 
Revenue from 
Voluntary Carbon 
Offsets Sold / 
Tonne 

$/Tonne 

- - - - $1.54 $1.29 $2.12 $1.46 $2.09 $1.54 $2.16 $2.02 

TOTAL - - - - $1.54 $1.29 $5.87 $3.36 $55.90 $8.50 $36.08 $19.39 

AGGREGATED COST-BENEFIT-ANALYSIS 

TOTAL PROJECT COSTS PER 
TONNE #1 (PROJECT COSTS - 
OTHER POTENTIAL BENEFITS) 

$10.00 $2.00 $38.57 $7.19 $38.71 $8.46 $42.80 $11.16 $35.81 $(42.48) $25.23 $(19.39) 

AVERAGE $6.00 $22.88 $23.58 $26.98 $(3.33) $2.92 

TOTAL PROJECT COSTS PER 
TONNE #2 (PROJECT COSTS + 
SOCIAL COST OF CARBON) 

$68.77 $30.39 $105.08 $45.52 $66.47 $14.73 $57.64 $17.40 $56.48 $11.74 $54.98 $2.43 

AVERAGE $49.58 $75.30 $40.60 $37.52 $34.11 $28.70 

TOTAL PROJECT COSTS PER 
TONNE #3 (PROJECT COSTS + 
SOCIAL COST OF CARBON - 
OTHER POTENTIAL BENEFITS) 

$68.77 $30.39 $105.08 $45.52 $65.18 $13.19 $54.28 $11.53 $47.98 $(44.16) $35.58 $(33.65) 

AVERAGE $49.58 $75.30 $39.19 $32.90 $1.91 $0.97 
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Table 15: Annualized Cost-Benefit-AnalysisA – Using Global SCC Estimate 

Aggregated 
Costs and 
Benefits - 

Annualized 

Unit 

Open Dump Simple Sanitary Landfill 
�(with top cover only) 

Simple Sanitary 
Landfill �(with flaring) 

Energy Recovery 
Landfill 

(Substituting/Selling 
Electricity) 

Energy Recovery 
Landfill 

(Substituting/Selling 
Electricity)  

+ Composting 

Energy Recovery 
Landfill 

(Substituting/Selling 
Electricity)  
+ Recycling 

Upper  
Range 

Lower 
Range 

Upper 
Range 

Lower 
Range 

Upper 
Range 

Lower 
Range 

Upper 
Range 

Lower 
Range 

Upper 
Range 

Lower 
Range 

Upper 
Range 

Lower  
Range  

PROJECT COSTS (ANNUALIZED CAPEX AND OPEX) 

(+) Annual OPEX 
and CAPEX Costs $/year 

$4,373,474 $874,695 $16,868,489 $3,144,528 $17,493,896 $4,373,474 $20,187,956 $7,448,334 $19,379,738 $5,869,855 $19,517,065 $7,297,856 

TOTAL $4,373,474 $874,695 $16,868,489 $3,144,528 $17,493,896 $4,373,474 $20,187,956 $7,448,334 $19,379,738 $5,869,855 $19,517,065 $7,297,856 

SOCIAL COST OF CARBON 

(+) Social Cost of 
Carbon (savings) $/year 

$25,701,871 $12,416,026 $29,086,252 $16,762,658 $11,577,382 $2,070,019 $5,021,638 $162,545 $5,322,630 $(733,637) $4,527,656 $(6,234,647) 

TOTAL $25,701,871 $12,416,026 $29,086,252 $16,762,658 $11,577,382 $2,070,019 $5,021,638 $162,545 $5,322,630 $(733,637) $4,527,656 $(6,234,647) 

OTHER POTENTIAL BENEFITS 

(-) Revenue from 
Electricity Sold $/year 

- - - - - - $1,641,602 $832,124 $979,694 $489,372 $1,453,563 $735,267 

(-) Revenue from 
Compost Sold $/year 

- - - - - - - - $2,732,459 $469,063 - - 
(-) Revenue from 
Recyclables Sold $/year 

- - - - - - - - - - $6,038,456 $4,775,396 

(-) Value of 
reduced land 
capacity $/year 

- - - - - - - - $19,821,322 $2,086,257 $7,341,231 $2,086,257 

(-) Revenue from 
Voluntary Carbon 
Offsets $/year 

- - - - $673,850 $565,464 $926,156 $638,875 $914,572 $673,366 $945,167 $885,079 

TOTAL - - - - $673,850 $565,464 $2,567,758 $1,470,999 $24,448,047 $3,718,057 $15,778,416 $8,481,999 

AGGREGATED COST-BENEFIT-ANALYSIS 

TOTAL ANNUAL PROJECT 
COSTS #1 (PROJECT COSTS - 
OTHER POTENTIAL BENEFITS) 

$4,373,474 $874,695 $16,868,489 $3,144,528 $16,928,432 $3,699,624 $18,716,957 $4,880,577 $15,661,681 $(18,578,192) $11,035,066 $(8,480,560) 

AVERAGE $2,624,084 $10,006,508 $10,314,028 $11,798,767 $(1,458,256) $1,277,253 

TOTAL ANNUAL PROJECT 
COSTS #2 (PROJECT COSTS + 
SOCIAL COST OF CARBON) 

$30,075,345 $13,290,721 $45,954,741 $19,907,185 $29,071,278 $6,443,493 $25,209,594 $7,610,880 $24,702,368 $5,136,218 $24,044,721 $1,063,209 

AVERAGE $21,683,033 $32,930,963 $17,757,386 $16,410,237 $14,919,293 $12,553,965 

TOTAL ANNUAL PROJECT 
COSTS #3 (PROJECT COSTS + 
SOCIAL COST OF CARBON - 
OTHER POTENTIAL BENEFITS) 

$30,075,345 $13,290,721 $45,954,741 $19,907,185 $28,505,814 $5,769,643 $23,738,595 $5,043,122 $20,984,310 $(19,311,829) $15,562,722 $(14,715,207) 

AVERAGE $21,683,033 $32,930,963 $17,137,729 $14,390,858 $836,241 $423,758 

A Annualized costs estimated by multiplying per tonne costs by tonnes of waste received by hypothetical landfill each year (437,347 tonnes) 
 
When using the regional SCC estimate for India under Scenario 1, Tables 12 and 13 show that the 
Energy Recovery Landfill + Composting and the Energy Recovery Landfill + Recycling perform best 
overall once potential revenue and costs savings are considered.  The Energy Recovery Landfill + 
Composting performs best, with net savings on average compared to the other landfill 
configurations.  This is driven in part by revenue, but primarily by the value of reduced land 
capacity and because the assumed composting rate of 30% is greater than the assumed recycling 
rate of 10%, and therefore results in greater waste diversion. 
 
The Energy Recovery Landfill + Recycling performs second best, with an average cost that is at 
least 50% less than the Open Dump, which is the next best alternative from a cost standpoint.  
Under Scenario 1, the Social Cost of Carbon is minimal and doesn’t have a significant impact on 
the results when compared to each landfill’s total project cost.   
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When using the global SCC estimate under Scenario 2, the Energy Recovery Landfill + Composting 
and the Energy Recovery Landfill + Recycling perform best once again.  In this scenario, the Energy 
Recovery Landfill + Composting has the lowest average cost when only considering other 
potential benefits, including cost savings from the value of reduced land capacity and potential 
revenue from selling electricity, compost, recyclables and/or voluntary carbon offsets. Like 
Scenario 1, this results in net savings on average compared to the other landfill configurations.   
 
Once considering the higher Social Cost of Carbon under Scenario 2, however, the Energy 
Recovery Landfill + Recycling becomes the best option.  Notably, the Open Dump and Simple 
Sanitary Landfills also become the most expensive on average.  As depicted by Tables 14 and 15, 
the average cost of the Energy Recovery Landfill + Recycling is 42% lower than the Open Dump 
when only considering the SCC, and 98% lower when considering the SCC as well as potential 
revenue and cost savings from other benefits.  This reflects the fact that the Open Dump and 
Simple Sanitary Landfills have the highest GHG emissions, and therefore the highest Social Cost 
of Carbon.  In Scenario 2, where the SCC estimate is relatively significant, this by far offsets the 
lower OPEX and CAPEX costs of the Open Dump and Simple Sanitary Landfills – making the more 
enhanced waste management configurations preferable in all cases.    
 
4.5 Sensitivity Analysis  
 
Tables 16-21 present sensitivity analyses for each quantified benefit that was assessed in the 
model, including the Social Cost of Carbon, the value of reduced land capacity, and potential 
revenue from selling voluntary carbon offsets, electricity, compost and recyclables.  The purpose 
of the sensitivity analyses is to identify how different values of each cost savings and revenue 
metric (the independent variables) impact the total cost for each landfill (the dependent 
variable).  This is valuable in several ways.  First, it provides a rough scenario analysis, allowing us 
to see what the results would be if certain assumptions were changed.  Second, it provides an 
assessment of the overall impact of each variable, allowing us to identify how influential each 
metric is, or put another way, how sensitive the model’s outcomes are to individual assumptions.   
 
Sensitivity analyses can be conducted in multiple ways.  For this analysis, a separate sensitivity 
analysis was completed for each landfill and each cost savings/revenue metric.  The original lower 
and upper range estimates of cost savings or potential revenue per unit provided a baseline.  
These were subsequently decreased by 50% and increased by 50% to provide a consistent upper 
and lower bound for each sensitivity analysis.  These new values were then plugged into the 
model to get new cost totals.  Lastly, changes in Total Cost #3 (Project Costs + Social Cost of 
Carbon – Other Potential Benefits) were compared to identify the sensitivity of the model to each 
cost savings and revenue metric.  Total Cost #3 was selected because this captures all of the 
potential benefits that could be realized, and therefore reflects any changes in the metrics used 
in the model. 
 
Tables 16-21 provide simplified summaries of the results of each sensitivity analysis.  The blue 
lines indicate the model’s original Total Cost #3 (the baseline), while the red bars indicate the 
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change in Total Cost #3 as a result of decreasing the selected cost savings/revenue metric by 50% 
and increasing it by 50%.55   
 
The tables only reflect the landfill configurations that experience a change in Total Cost #3 as a 
result of changes in potential cost savings or revenue.  For some metrics, like the Social Cost of 
Carbon, every landfill configuration is impacted, but for others, such as revenue from composting 
or recycling, only the landfill configurations with relevant technical measures experience changes 
in total cost.   
 
Additional detail on each sensitivity analysis can be found in Appendix 1.   
     
 

Table 16: Sensitivity Analysis: Social Cost of Carbon 

 
  

                                                
55 The upper ranges and lower ranges shown in the tables refer to the ranges for Total Cost #3, as depicted in the 
aggregated cost-benefit-analysis.  More detail can be found on Appendix 1. 
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Open Dump: 
Upper/Lower 
Range Using 
Regional SCC

Open Dump: 
Upper/Lower 
Range Using 
Global SCC

Simple Sanitary
Landfill (top cover): 
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Table 17: Sensitivity Analysis: Revenue from Voluntary Carbon Offsets 

 
Table 18: Sensitivity Analysis: Revenue from Selling Electricity 
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Table 19: Sensitivity Analysis: Revenue from Selling Compost 

 
Table 20: Sensitivity Analysis: Revenue from Selling Recyclables 
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Table 21: Sensitivity Analysis: Value of Reduced Land Capacity 

 
 

Tables 16-21 indicate that the most influential cost savings and revenue metrics in the current 
model are the Social Cost of Carbon and value of reduced land capacity.  The Social Cost of Carbon 
metric is most impactful with the landfill configurations that are less advanced, including the 
Open Dump and both of the Sanitary Landfills.  In addition, using the global SCC estimate reflects 
the greatest margin of change in the total cost.  This is likely due to the fact that the less advanced 
landfills have the greatest GHG emissions, and the global SCC estimate is considerably higher 
than the regional SCC estimate.  In both cases, this makes the magnitude of a 50% change much 
greater.   
 
The value of reduced land capacity only applies to the Energy Recovery Landfills with Recycling 
and/or Composting, but in both cases, Table 21 shows that it can have a significant impact on the 
total cost.  This is particularly true for the lower range cost estimates in the model because these 
reflect the greatest benefits that can be realized.  The upper estimate for the value of reduced 
land capacity, based on land values in Mumbai, is particularly high in the current model – again 
making the magnitude of a 50% change particularly significant in this case.   
 
The metrics reflecting potential revenue from electricity, compost, and recyclables have 
relatively little influence on the current model’s outputs compared to the Social Cost of Carbon 
and the value of reduced land capacity.  However, among these metrics, the most influential is 
potential revenue from recyclables.  In this case, the impact is similar for the upper and lower 
range cost estimates in the model, reflecting the fact that the range in the price for recyclables is 
already similar in the current model.  Relative to the other revenue metrics, the current model is 
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more sensitive to potential revenue from recyclables because the assumed price per tonne of 
recyclables is considerably higher. 
 
The results of the sensitivity analyses help to confirm previous observations that the Social Cost 
of Carbon and value of reduced land capacity are the largest drivers of total cost in the current 
model, and that recycling provides the highest benefit among the potential revenue metrics.  In 
addition to demonstrating that these estimates are particularly important in the model, the 
results also suggest that robust estimates of GHG emissions, waste diversion, land capacity 
requirements, and recycling are crucial as well since these metrics are directly linked to the 
highest-value benefit outcomes. 

 

 

 

 

 
 Source: CNN; Photo Credit: Ulet Ifansasti / Stringer 
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5. Recommendations  
 
While the specific results from the cost-benefit-analysis should be treated with a degree of 
caution due to variability in the data, the findings strongly suggest that the model could be used 
to conduct a more comprehensive cost-benefit analysis of waste management alternatives, 
taking into account both shorter- and longer-term benefits that are often left out of existing 
assessments.  More importantly, the findings also suggest that the application of such a model 
could build a much stronger business case for enhancing waste management practices in 
emerging markets, by not only showing the benefits of these actions, but the higher cost of 
inaction.  My recommendations focus on how SUEZ can use the model going forward, and how 
it can be expanded for greater accuracy and applicability.  
 
5.1 Future Application of the Cost-Benefit-Analysis Model 

 
5.1.1 Tailoring the Model Inputs 
 
In future application, the most critical step is updating the model’s inputs and data parameters 
to reflect the specific characteristics of the site of interest.  The current model tries to provide a 
reasonable baseline example, but as noted earlier, the inputs can vary significantly depending on 
site characteristics, including composition of the waste and climate. Updating the model inputs 
based on each specific site is crucial for an accurate assessment of cost-effectiveness in relation 
to the environmental, social and economic benefits that are achieved. 
 
5.1.2  Focusing on High Value Data 
 
In some contexts, collecting accurate data at the municipality level may be challenging or 
prohibitively expensive.  In these cases, SUEZ and its partners should focus on the highest value 
data, as outlined in the sensitivity analysis.   
 
The sensitivity analysis demonstrates that the Social Cost of Carbon and value of reduced land 
capacity are the largest drivers of total cost in the current model, and that recycling provides the 
greatest benefit among the potential revenue metrics.  This suggests that focusing on the 
collection of robust estimates for the following metrics would provide the most value (linked 
metrics are listed together): 
 

• GHG emissions and the Social Cost of Carbon 
• Waste diversion, land capacity requirements and land values 
• Rate of recycling and the price of recyclables  

 
Focusing on the highest value data provides an alternative approach that SUEZ and its partners 
could pursue to save time and costs, while still capturing the majority of the benefits outlined in 
the current model.  This would miss some of the nuances reflected in the full model, and it is 
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important to recognize that sensitivity could shift somewhat depending on the location, but 
focusing on high value data would be a strong first step – particularly in contexts where data is 
limited and collection is difficult or costly. 
 
5.1.3  Using the Model to Engage with Key Stakeholders   
 
Findings from the model support the original hypothesis that poorly managed waste does in fact 
result in downstream costs higher than what it would cost a municipality to better manage their 
waste in the first place.  However, to demonstrate this, the model incorporates a wide range of 
impacts and potential benefits, some of which may not resonate as well with municipalities due 
to the fact that they are longer-term and more regional or global in nature.  If SUEZ wants to 
increase investment in waste management infrastructure in emerging markets, broader 
stakeholder engagement is crucial to achieving this. 
 
There are several ways in which the model could be a valuable tool for stakeholder engagement.  
At a local level, it could help to educate municipalities on the costs and benefits of different waste 
management options.  This would provide a better understanding of the direct and indirect costs 
from different options, but equally important, it would also help municipalities understand what 
options meet their waste management needs and objectives most effectively.  Some enhanced 
waste management measures might give a high environmental benefit but at a high cost, while 
other measures can achieve similar benefits at a much lower cost.  A tailored cost-benefit-
analysis would capture these variations. 
 
The model could also be useful in educating international development and financial institutions.  
In addition to better understanding waste management challenges in emerging markets, findings 
from the model would help these organizations with refining their investments and identifying 
high value research in waste management.   
 
For SUEZ, the model could complement the company’s other project assessments and assist in 
the identification of more comprehensive cost-benefit ratios.  Importantly, the model would also 
allow SUEZ to refine its business model in emerging markets by helping to identify what is needed 
to make these projects feasible for the private sector.  This might include funding and/or 
subsidies from international organizations, or policy changes implemented by the municipality, 
such as increasing source segregation to make recycling or composting more feasible.    
 
The key stakeholders involved in supporting and/or funding waste management projects in 
emerging markets have a wide range of interests.  Municipalities are most likely to be concerned 
with short-term costs that they absorb directly and the interests of their constituencies.  
International development and financial institutions are similarly concerned since buy-in at the 
local level is crucial, but they are also interested in costs and impacts that are longer-term and 
more global in nature.  The strength of the broader cost-benefit model presented in this paper is 
that it can be used to address a wide range of interests because it reflects both localized impacts 
and broader global impacts.  The model can also be adjusted easily depending on the audience.  
For example, using a local Social Cost of Carbon may resonate best with municipalities, but 
including an estimate of the global Social Cost of Carbon may be of significant interest to 
organizations with international mandates and goals, and could help with acquiring financial 
support. 
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Whether tailoring the model to a particular locale or using it as a representative example of waste 
management options in emerging markets, the broader cost-benefit model provides SUEZ with 
the opportunity to serve as an intermediary – connecting the private sector, municipalities and 
international institutions – by cutting across their various interests in a quantifiable way.  Used 
in this way, the cost-benefit model could be a powerful tool for bringing business and the public 
sector together to help address the waste crisis in emerging markets, and has strong potential to 
inspire new and innovative partnerships. 
 
5.2  Expanding the Model for Enhanced Accuracy 
 
In addition to using the broader cost-benefit model in its current form or focusing on select 
parameters with high value, there is also significant opportunity for expanding the model to 
enhance its accuracy and applicability.   
 
5.2.1 Additional Benefit Considerations 
 
This study primarily focused on environmental benefits from enhanced waste management 
practices, but a number of additional benefits could be included in future iterations of the model 
to make it more comprehensive.  Several of these additional considerations are discussed in more 
detail below, including performance measures that could be used and examples of existing 
methodologies. 
 
1. Benefits from integrating informal waste pickers 

• Qualitative measures that could be measured include enhanced access to services, such 
as healthcare and education. 

• Quantitative measures could include the number of new jobs created, increases in 
average income, reductions in occupational injuries and reductions in healthcare costs 
as a result of improved working conditions.  

• A report on the economic costs of solid waste pollution in Palau, for example, estimated 
that the health-related costs resulting from solid waste in Palau total approximately 
$697,000 per annum.56  These are the health costs that could be avoided in the absence 
of solid waste related pollution. 

• To estimate these costs, doctors and epidemiologists from the Ministry of Health 
estimated the portion of illnesses related to solid waste pollution in Palau that could be 
avoided.  Costs of pharmaceutical products, average time spent in the hospital, and lost 
labor productivity were estimated for each illness and compared to the number of cases 
that could be avoided.  

• This study assessed avoidable healthcare costs associated with solid waste pollution 
across the entire country, but it may also be possible to conduct a similar assessment 
specifically for informal waste pickers. 

2. Increased tourism resulting from image/reputation enhancement 
• Very little research is available on quantifying benefits from image enhancement, but it 

may be possible to compare tourist activity before and after implementation of 
                                                
56 Hajkowicz, Tellames, and Aitaro, “Economic Cost Scenarios For Solid Waste Related Pollution in Palau.” 
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enhanced waste management practices, controlling for other factors that may also 
influence tourism. 

• The same report from Palau estimated that an additional 2% of tourist arrivals would 
be possible in Palau in the absence of solid waste related pollution, equating to a gross 
value of US$961,000 of lost tourism income.57 

• Estimates of the percentage loss were based on expert judgements, observations of 
tourist motivations in previous studies and interviews with tourism operators. 

3. Increased political goodwill 
• There is also very little research on quantifying the benefits of enhanced political 

goodwill.  If available, it may be possible to draw qualitative conclusions from opinion 
polls or other research on public concern for environmental issues.  Potential proxies 
could also be considered, such as the rise or decline in demonstrations and other 
political activities against the open dump or landfill in question. 

4. Benefits from controlling leachate pollution 
• While this study provides a relatively comprehensive evaluation of environmental 

benefits, data limitations made it difficult to include the benefits from leachate 
collection and treatment.   

• Quantitative measures that could be considered include health benefits, reduced 
healthcare costs, enhanced biodiversity, and water conservation (i.e. replacing water 
use elsewhere). 

• A number of studies measure the amount of leachate generated in a landfill, and the 
percentage collected when controls are in place, however, few quantify the specific 
environmental and health benefits that result from reductions in soil and water 
pollution.  This is likely due to the fact that leachate characteristics and associated 
health and environmental impacts are very dependent on the location of the landfill 
and its characteristics, such as whether it receives hazardous waste or whether it is near 
freshwater resources.   

• If the impacts and benefits of leachate collection and treatment could be measured 
more directly, this would undoubtedly enhance the effectiveness of the cost-benefit 
model – particularly since leachate could potentially have significant impacts on the 
health of communities and the environment. 

• The same report from Palau estimated that fish catch losses resulting from all sources 
of land-based pollution (including solid waste) equates to about $88,000 in lost fish 
resources for Palau.58  Fish catch losses are only one potential impact of leachate 
pollution, but this study suggests that the costs to society and the economy could be 
significant in some locations, if they can be measured.  

 
5.2.2  Areas for Further Research 
 
Several areas for further research exist that would also help to expand the accuracy and 
applicability of the cost-benefit-analysis model.  One particular concern is the accuracy and 
relevance of the Social Cost of Carbon estimates.  SCC estimates are useful because they are 
broad and inclusive, but as noted earlier, there is significant uncertainty around regional 

                                                
57 Hajkowicz, Tellames, and Aitaro. 
58 Hajkowicz, Tellames, and Aitaro. 
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estimates,59 and with global estimates, there is greater risk that they may not resonate as well 
with municipalities.  This is particularly true if the climate change costs captured by the SCC 
estimate don’t feel tangible for local citizens and policy makers yet.    
 
Conducting additional research on the Social Cost of Carbon and refining the estimate used in 
the model may help SUEZ to communicate with municipalities and other stakeholders.  Ideally, 
SUEZ could also work with local organizations on the ground to develop a more tailored social 
cost – of carbon or other impacts from poorly managed municipal waste – based specifically on 
the location of interest.  This would provide a more accurate local estimate and may be easier 
for municipalities to internalize and communicate to their constituencies.   
 
In cases where this is not possible or prohibitively expensive, another option for consideration 
would be isolating the shorter-term costs.  SCC estimates, whether regional or global, tend to 
include damages and benefits that are longer-term, such as agricultural productivity.  Considering 
long-term impacts provides a more accurate assessment of the true costs and benefits of 
particular waste management activities, but if this doesn’t resonate with municipalities, it may 
be useful to separate short-term impacts from the total cost.  For example, health care costs 
associated with the poor management of municipal waste are likely to be felt in the shorter term, 
and possibly more directly by the municipality. 
 
A number of studies can be found that focus specifically on health outcomes.  Researchers at the 
Lawrence Berkeley National Laboratory, for example, recently estimated that reducing one ton 
of CO2 equates to health benefits between $40 and $198.60  Some studies, such as the report 
from Palau, also attempt to measure health impacts specific to solid waste management.  These 
reports are typically related to certain localities, but some findings may be generalizable.  The 
wide range of estimates available suggests further research is needed, but focusing on specific, 
shorter-term benefits is clearly possible and may be worth considering if it helps SUEZ better 
communicate with municipalities and other stakeholders.  
 
An additional area for consideration is exploring estimates of the Social Cost of Methane (SC-
CH4).  The Social Cost of Carbon was used in the model because the majority of the inputs were 
sourced from case studies that converted methane emissions to CO2 equivalents.  Applying SCC 
estimates to emissions of CO2 equivalents should be a close proxy for methane emissions from 
landfills, however, applying the Social Cost of Methane would likely be more accurate since it is 
specific to the characteristics of methane.61  Where methane emissions are reported separately, 
SUEZ could consider applying SC-CH4 to methane emissions and SCC to CO2 emissions, for a more 
accurate assessment of costs and benefits.  Exploring whether the Social Cost of Methane can be 
localized may also be valuable if this resonates better with municipalities and other key 
stakeholders.     
 
 
 
                                                
59 Nordhaus, “Revisiting the Social Cost of Carbon.” 
60 Balbus et al., “A Wedge-Based Approach to Estimating Health Co-Benefits of Climate Change Mitigation Activities 
in the United States.” 
61 Institute for Policy Integrity, “Social Costs of Greenhouse Gases”; US EPA, “The Social Cost of Carbon.” 
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6. Conclusion 
 
Substandard waste management is a persistent issue, particularly in emerging markets where 
population growth and rising urbanization are putting pressure on infrastructure that is already 
lagging far behind.  The problem and solutions are well understood, but there continues to be a 
lack of investment.  The reasons for this can vary based on location and stakeholder interests but 
are largely related to the initial cost increase of transitioning to enhanced waste management 
systems.  Waste management is already a large percentage of the budget for most municipalities, 
if not the largest budget item.  Contributing additional resources can be a difficult commitment 
for municipalities when there are many other issues that need investment as well. 
 
SUEZ has the technical expertise to help solve the waste crisis in emerging markets, but it cannot 
rely on this alone.  To gain the support of municipalities and secure funding for these projects, 
SUEZ must employ a wide range of tools tailored to its key stakeholders.  An important part of 
this arsenal will be data-driven empirical analysis.  Data-driven analysis is critical to enhancing 
rigor and transparency, and often helps to create a common language that brings together 
different stakeholders. 
 
This PAE provides one example of a data-driven model that could be used by SUEZ to evaluate a 
broader set of benefits and help to build a more compelling business case for enhanced waste 
management practices.  In addition to complementing SUEZ’s existing tools, the model has 
significant potential to intersect the priorities of different stakeholders – allowing SUEZ to serve 
as an important intermediary that can bring together the parties capable (and necessary) to solve 
the waste crisis in emerging markets.   
 
Despite the value of data-drive analysis, it is important to recognize that many of the tradeoffs 
highlighted by the model are not immediate.  To accept and support the results of the model, a 
longer-term mindset is required, something that will clearly be difficult for municipalities with 
short-term election priorities and tight budgets.  But in collaboration with other tools and 
broader stakeholder engagement, the cost-benefit model presented in this paper could be a 
critical step towards progress.  Helping to educate municipalities is key to this, but equally 
important, is the potential of using the model to gain the support of stakeholders with longer-
term priorities, such as international development and financial institutions, who are also critical 
to catalyzing these kinds of efforts.  In the short-term, the model may resonate better with these 
stakeholders and help SUEZ to build momentum.   
 
Effective implementation will be challenging, but the results of this paper also demonstrate that 
using a broader cost-benefit model could provide meaningful value – from a business perspective 
for SUEZ, as well as a social, economic and environmental perspective for municipalities and 
society. 
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Source: World Bank (2012); Photo Credit: Scott Wallace   
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Appendix 1: Detail on Methodology: Data, Sources and Assumptions 
 
Estimates of Economic Costs Per Landfill Configuration62 

 

 

                                                
62 Pressley et al., “Analysis of Material Recovery Facilities for Use in Life-Cycle Assessment”; Diaz and Otoma, “Cost–benefit Analysis of Waste Reduction in Developing Countries”; 
Hoornweg and Bhada-Tata, “What a Waste - A Global Review of Solid Waste Management”; Deng et al., “Optimal Scenario Balance of Reduction in Costs and Greenhouse Gas Emissions 
for Municipal Solid Waste Management”; Damgaard et al., “LCA and Economic Evaluation of Landfill Leachate and Gas Technologies”; Li, Nitivattananon, and Li, “Developing a 
Sustainability Assessment Model to Analyze China’s Municipal Solid Waste Management Enhancement Strategy.” 



 

 50 

Summary of Per Unit Data and Sources – Used for Estimating and Quantifying Benefits63 

 

 

  

                                                
63 Thanh and Matsui, “An Evaluation of Alternative Household Solid Waste Treatment Practices Using Life Cycle Inventory Assessment Mode”; Thanh and Matsui, “Assessment of 
Potential Impacts of Municipal Solid Waste Treatment Alternatives by Using Life Cycle Approach”; Friedrich and Trois, “Quantification of Greenhouse Gas Emissions from Waste 
Management Processes for Municipalities – A Comparative Review Focusing on Africa”; Friedrich and Trois, “Current and Future Greenhouse Gas (GHG) Emissions from 
the Management of Municipal Solid Waste in the EThekwini Municipality – South Africa”; Yang, Wang, and Jiang, “Avoided GHG Emissions from Organic Waste through Composting”; 
US EPA, “WARM Version 13: Composting”; US EPA, “WARM Version 13: Landfilling”; US EPA, “WARM Version 13: Recycling”; AFD - Agence Française de Développement, “The AFD 
Carbon Footprint Tool for Projects - User’s Guide and Methodology”; Pressley et al., “Analysis of Material Recovery Facilities for Use in Life-Cycle Assessment”; Abduli et al., “Life Cycle 
Assessment (LCA) of Solid Waste Management Strategies in Tehran”; Leao, Bishop, and Evans, “Assessing the Demand of Solid Waste Disposal in Urban Region by Urban Dynamics 
Modelling in a GIS Environment.” 
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Summary of Per Unit Data and Sources – Used for Estimating and Quantifying Benefits (continued)64 

   

                                                
64 Nordhaus, “Revisiting the Social Cost of Carbon”; Interagency Working Group on Social Cost of Greenhouse Gases, United States Government, “Technical Support Document: 
Technical Update of the Social Cost of Carbon for Regulatory Impact Analysis Under Executive Order 12866”; Hamrick and Gallant, “Unlocking Potential: State of Voluntary Carbon 
Markets 2017”; Thanh and Matsui, “An Evaluation of Alternative Household Solid Waste Treatment Practices Using Life Cycle Inventory Assessment Mode”; Damgaard et al., “LCA and 
Economic Evaluation of Landfill Leachate and Gas Technologies”; Abduli et al., “Life Cycle Assessment (LCA) of Solid Waste Management Strategies in Tehran”; Patil, “Solar Irrigation”; 
The Times of India, “New Consumers Will Earn Less for Selling Solar Power”; Diaz and Otoma, “Cost–benefit Analysis of Waste Reduction in Developing Countries”; Kamila, “Compost 
from City Waste Ready for Sale”; Shrivastava and Antony, “Mumbai Is Overflowing with Garbage.” 
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Estimates of Social and Environmental Benefits – For Hypothetical Landfill Per Day65 

 

  

                                                
65 Abduli et al., “Life Cycle Assessment (LCA) of Solid Waste Management Strategies in Tehran”; Joseph, “Municipal Solid Waste Management in Asia and the Pacific Islands”; Pandey 
and Chakraborty, “Solid Waste Management Master Plan for Mumbai, India: Vision 2023”; Thanh and Matsui, “Assessment of Potential Impacts of Municipal Solid Waste Treatment 
Alternatives by Using Life Cycle Approach.” 
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Estimates of Social and Environmental Benefits – For Hypothetical Landfill Per Day (continued)66 

 
  

                                                
66 Friedrich and Trois, “Quantification of Greenhouse Gas Emissions from Waste Management Processes for Municipalities – A Comparative Review Focusing on Africa”; Friedrich and 
Trois, “Current and Future Greenhouse Gas (GHG) Emissions from the Management of Municipal Solid Waste in the EThekwini Municipality – South Africa”; Yang et al., “Greenhouse 
Gas Emissions during MSW Landfilling in China”; Thanh and Matsui, “An Evaluation of Alternative Household Solid Waste Treatment Practices Using Life Cycle Inventory Assessment 
Mode”; Thanh and Matsui, “Assessment of Potential Impacts of Municipal Solid Waste Treatment Alternatives by Using Life Cycle Approach”; US EPA, “WARM Version 13: Composting”; 
US EPA, “WARM Version 13: Landfilling”; US EPA, “WARM Version 13: Recycling”; AFD - Agence Française de Développement, “The AFD Carbon Footprint Tool for Projects - User’s 
Guide and Methodology.” 
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Estimates of Social and Environmental Benefits – For Hypothetical Landfill Per Day (continued)67 

 
 

 

 

 

                                                
67 Thanh and Matsui, “An Evaluation of Alternative Household Solid Waste Treatment Practices Using Life Cycle Inventory Assessment Mode”; Thanh and Matsui, “Assessment of 
Potential Impacts of Municipal Solid Waste Treatment Alternatives by Using Life Cycle Approach”; Pressley et al., “Analysis of Material Recovery Facilities for Use in Life-Cycle 
Assessment”; Yang, Wang, and Jiang, “Avoided GHG Emissions from Organic Waste through Composting.” 
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Estimates of Social and Environmental Benefits – For Hypothetical Landfill Per Day (continued)68 

 

 
 

 

 

                                                
68 Abduli et al., “Life Cycle Assessment (LCA) of Solid Waste Management Strategies in Tehran”; Leao, Bishop, and Evans, “Assessing the Demand of Solid Waste Disposal in Urban 
Region by Urban Dynamics Modelling in a GIS Environment”; Thanh and Matsui, “An Evaluation of Alternative Household Solid Waste Treatment Practices Using Life Cycle Inventory 
Assessment Mode.” 
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Estimates of Social and Environmental Benefits – For Hypothetical Landfill Per Day (continued)69 

   

                                                
69 Yang et al., “Greenhouse Gas Emissions during MSW Landfilling in China”; Abduli et al., “Life Cycle Assessment (LCA) of Solid Waste Management Strategies in Tehran.” 
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Estimates of Quantified Benefits from Enhanced Waste Management Practices – Using Regional Social Cost of Carbon Estimate for India70 

 
 
  

                                                
70 Nordhaus, “Revisiting the Social Cost of Carbon”; Hamrick and Gallant, “Unlocking Potential: State of Voluntary Carbon Markets 2017”; Patil, “Solar Irrigation”; The Times of India, 
“New Consumers Will Earn Less for Selling Solar Power.” 
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Estimates of Quantified Benefits from Enhanced Waste Management Practices – Using Regional Social Cost of Carbon Estimate for India (continued)71 

 

 
 
 
 
 
 

 
  

                                                
71 Kamila, “Compost from City Waste Ready for Sale”; Diaz and Otoma, “Cost–benefit Analysis of Waste Reduction in Developing Countries”; Shrivastava and Antony, “Mumbai Is 
Overflowing with Garbage.” 
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Per Tonne Cost-Benefit Analysis – Using Regional Social Cost of Carbon Estimate for India 
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Annualized Cost-Benefit Analysis – Using Regional Social Cost of Carbon Estimate for India 
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Estimates of Quantified Benefits from Enhanced Waste Management Practices – Using Global Social Cost of Carbon72  

 

  

                                                
72 Interagency Working Group on Social Cost of Greenhouse Gases, United States Government, “Technical Support Document: Technical Update of the Social Cost of Carbon for 
Regulatory Impact Analysis Under Executive Order 12866”; Hamrick and Gallant, “Unlocking Potential: State of Voluntary Carbon Markets 2017”; Patil, “Solar Irrigation”; The Times of 
India, “New Consumers Will Earn Less for Selling Solar Power.” 
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Estimates of Quantified Benefits from Enhanced Waste Management Practices – Using Global Social Cost of Carbon (continued)73 

 
 
 
 

 
 
 
 
 
 
 
 

  

                                                
73 Kamila, “Compost from City Waste Ready for Sale”; Diaz and Otoma, “Cost–benefit Analysis of Waste Reduction in Developing Countries”; Shrivastava and Antony, “Mumbai Is 
Overflowing with Garbage.” 
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Per Tonne Cost-Benefit-Analysis – Using Global Social Cost of Carbon 
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Annualized Cost-Benefit-Analysis – Using Global Social Cost of Carbon 

 
 
  



 

 65 

Sensitivity Analysis – Social Cost of Carbon 

 
 
Sensitivity Analysis – Revenue from Voluntary Carbon Offsets 
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Sensitivity Analysis – Revenue from Selling Electricity 

 
 
Sensitivity Analysis – Revenue from Selling Compost 
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Sensitivity Analysis – Revenue from Selling Recyclables 

 
 
Sensitivity Analysis – Value of Reduced Land Capacity 
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Appendix 2: Current Practices for Monetizing Carbon Values – Examples From 
the United States, United Kingdom, Canada and Other OECD Countries 
 
1. United States 
 
In 2009 the U.S. government convened an interagency working group to develop an agreed set of estimates of 
the Social Cost of Carbon that all agencies could use in cost-benefit analyses of potential regulatory 
interventions.74  In developing its recommendations, the working group used three widely-cited Integrated 
Assessment Models (IAMs): 
 

• DICE (Dynamic Integrated Climate Economy), developed by William Nordhaus; 

• PAGE (Policy Analysis for the Greenhouse Effect), developed by Chris Hope; and 

• FUND (Climate Framework for Uncertainty, negotiation and Distribution), developed by Richard Tol. 
 
These are considered “reduced form models.”  They simplify extremely complicated physical and economic 
processes into a manageable modelling representation – each based on different assumptions.75  The Social 
Cost of Carbon (SCC), resulting from these models, is an estimate of the monetized damages associated with an 
incremental increase in carbon emissions in a given year. The U.S. uses both domestic and global measures for 
the Social Cost of Carbon, however, due to the global nature of climate change and the need for a global solution, 
the U.S. Interagency Working Group (IWG) concluded that the use of the global measure is preferable.76 
 
The U.S. Social Cost of Carbon estimate, referred to as SC-CO2, is meant to be a comprehensive estimate of 
climate change damages and includes changes in net agricultural productivity, human health, property damages 
from increased flood risk, and changes in energy system costs, such as reduced costs for heating and increased 
costs for air conditioning.  For each emissions year, four values are recommended. Three of these values are 
based on the average SC-CO2 from the three IAMs, at discount rates of 2.5, 3, and 5 percent.  The fourth value 
represents the marginal damages associated with lower-probability, higher-impact outcomes.77 
 
  

                                                
74 Smith and Braathen, “Monetary Carbon Values in Policy Appraisal: An Overview of Current Practice and Key Issues”; Interagency 
Working Group on Social Cost of Greenhouse Gases, United States Government, “Technical Support Document: Technical Update of 
the Social Cost of Carbon for Regulatory Impact Analysis Under Executive Order 12866.”; Institute for Policy Integrity, “Social Costs of 
Greenhouse Gases.” 
75 Interagency Working Group on Social Cost of Greenhouse Gases, United States Government, “Technical Support Document: 
Technical Update of the Social Cost of Carbon for Regulatory Impact Analysis Under Executive Order 12866”; Smith and Braathen, 
“Monetary Carbon Values in Policy Appraisal: An Overview of Current Practice and Key Issues”; Dobes, Leung, and Argyrous, Social 

Cost-Benefit Analysis in Australia and New Zealand - The State of Current Practice and What Needs to Be Done. 
76 Interagency Working Group on Social Cost of Greenhouse Gases, United States Government, “Technical Support Document: 
Technical Update of the Social Cost of Carbon for Regulatory Impact Analysis Under Executive Order 12866.” 
77 Interagency Working Group on Social Cost of Greenhouse Gases, United States Government. 
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Social Cost of CO2, 2010-2050 (in 2007 dollars per metric ton of CO2) 

 
 
 
Due to the limitations of IAM models and the inherent uncertainty around climate change, several recent studies 
have questioned the U.S. estimates – with many suggesting the values are underestimates.  Examples include: 
 

• MIT economist, Robert Pindyck (2016)78: 
o Pindyck believes IAM’s have serious deficiencies and suggests an alternative approach using a 

survey to elicit expert opinions regarding 1) the probabilities of alternative economic outcomes 
of climate change, including extreme outcomes, and 2) the reduction in emissions required to 
avert an extreme outcome. 

o Results of Pindyck’s analysis suggest SCC estimates of $200/metric ton or higher.  Trimming 
outliers yields lower SCCs of $80 to $100/metric ton. 

• Emmett Interdisciplinary Program in Environment and Resources, Stanford University (2015)79: 
o IAM’s have been criticized for lacking a strong empirical basis for their damage functions.  To 

address this criticism, this study implemented empirical estimates of temperature effects on GDP 
growth rates in the DICE model. 

o The results implied a Social Cost of Carbon of approximately $220/metric ton. 
 
2. United Kingdom 
 
The UK’s approach to monetizing the climate change consequences of greenhouse gas emissions was initially 
based on work by government economists in 2002.  This work aimed to estimate the Social Cost of Carbon at 
the optimal level of abatement. The central value recommended for emissions at that time was GBP 19/tonne 
of CO2, with a range of GBP 10 to GBP 38.14.80   
 
Following publication of the Stern Review on the Economics of Climate Change in 2007, the UK environment 
department (Defra) published revised guidance on the valuation of climate impacts.  The appraisal values were 

                                                
78 Pindyck, “The Social Cost of Carbon Revisited.” 
79 Moore and Diaz, “Temperature Impacts on Economic Growth Warrant Stringent Mitigation Policy.” 
80 Smith and Braathen, “Monetary Carbon Values in Policy Appraisal: An Overview of Current Practice and Key Issues.” 

Source: US Interagency Working Group on the Social Cost of Greenhouse Gases, Technical Support Document (2016) 
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adjusted to reflect the marginal abatement cost required to achieve an agreed upon “stabilization goal”.  Defra 
characterized the adjusted values as the “Shadow Price of Carbon.”81   
 
A more fundamental reorientation of UK policy towards appraisal values followed in 2009 when the UK shifted 
towards a “target-consistent approach” to carbon valuation.  Under this approach, the UK appraises individual 
policies that change emissions on the basis of a comparison of the costs of abatement under these policies, and 
the marginal abatement cost that would be incurred in meeting the UK’s chosen target.82  
 
These “target-consistent” values are mandated for all policy appraisals. However, when the UK considers setting 
emissions reduction targets for future periods or when discussing policy towards the negotiation of global 
stabilization goals, “formal modelling evidence, including the Social Cost of Carbon” continues to be used.83 
 
The UK uses separate estimates for traded sectors (i.e. sectors covered by the EU Emissions Trading System) 
and non-traded sectors (i.e. sectors not covered by the EU ETS). Changes in emissions which occur in the traded 
sector are valued at the Traded Price of Carbon (TPC), whereas changes in emissions in the non-traded sector 
are valued at the Non-Traded Price of Carbon (NTPC). These traded and non-traded carbon prices are different 
in the short-term, but are projected to converge in 2030, based on the assumption that there will be a 
functioning global carbon market by 2030.84 

UK Carbon prices and sensitivities for appraisal, 2017 £/tCO2e  

  Traded Non-traded 

  Low Central High Low Central High 

2017 0 4 5 33 65 98 

2018 0 4 7 33 66 99 

2019 0 4 8 34 67 101 

2020 0 5 10 34 68 102 

2021 4 12 21 35 69 104 

2022 8 20 32 35 70 106 

2023 12 27 43 36 71 107 

2024 16 34 54 36 73 109 

2025 20 42 64 37 74 111 

                                                
81 Smith and Braathen. 
82 Smith and Braathen. 
83 Smith and Braathen; Department for Business, Energy & Industrial Strategy, “VALUATION OF ENERGY USE AND GREENHOUSE GAS: 
Supplementary Guidance to the HM Treasury Green Book on Appraisal and Evaluation in Central Government.” 
84 GOV.UK, “Carbon Valuation”; Department for Business, Energy & Industrial Strategy, “VALUATION OF ENERGY USE AND 
GREENHOUSE GAS: Supplementary Guidance to the HM Treasury Green Book on Appraisal and Evaluation in Central Government.” 
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2026 23 49 75 37 75 112 

2027 27 57 86 38 76 114 

2028 31 64 97 39 77 116 

2029 35 72 108 39 78 117 

2030 40 79 119 40 79 119 
 
 
 
3. Canada 
 
In 2010, Canada began to consider how it should value the benefits of CO2 emission reductions within cost-
benefit-analyses undertaken for Regulatory Impact Analysis Statements (RIAS).  A 2010 report prepared by 
Environment Canada reviewed the different approaches of the U.S. and UK and concluded that the right 
approach for Canada was adoption of the U.S. Social Cost of Carbon values, with the following modifications:85 
 

• A discount rate of 3% is employed, reflecting the normal recommendation of the Treasury Board 
Secretariat Cost-Benefit Analysis Guide. 

• Two values for the Social Cost of Carbon are employed, one based on the central value of the U.S. SCC 
at a 3% discount rate, and the other based on the 95th percentile estimates, reflecting the risk of low-
probability high-cost “catastrophic” events.  

• Estimates are based on the DICE and PAGE models only - the FUND model is excluded due to the fact 
that it does not model high-cost catastrophic events. 

 
The 2010 report reviewed the arguments for employing the marginal abatement cost (MAC) approach, used by 
the United Kingdom and some other countries.  The report determined the SCC approach was most suitable for 
Canada based on the fact that the SCC is consistent with other approaches to valuation used in cost-benefit 
analysis, where values are based on an estimation of marginal damages, and therefore it could be integrated 
into Canada’s regulatory framework with ease.86 
 
4. Other OECD Countries 
 
In 2015, an OECD Working Paper carried out a survey, assessing the monetary values of carbon that member 
countries apply in policy and project assessments.  Fifty monetary carbon values were reported for 2014, 2020, 
2030, 2050 or 2100 in relation to transport sector investments; 32 in relation to energy sector investments; 23 
for ex ante policy assessments; and 14 for ex post policy assessments.87   
 
In relation to ex ante assessments of new policies, damage cost estimates (i.e. a Social Cost of Carbon) was the 
most common basis for the carbon values used. 

                                                
85 Smith and Braathen, “Monetary Carbon Values in Policy Appraisal: An Overview of Current Practice and Key Issues.” 
86 Smith and Braathen. 
87 Smith and Braathen. 

Source: GOV.UK, Carbon Valuation (2018) 
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Monetary Carbon Values Used in Ex Ante Policy Assessments: USD, 2014 Money Value 

 
  
Source: Smith et al., “Monetary Carbon Values in Policy Appraisal: An Overview of Current Practices and Key Issues” (2015) 



 

 73 

Appendix 3: List of Interviews 
 

Name Title 

Paul Bourdillon Senior Executive Vice President, Africa, Middle-East, India, SUEZ 

Fabien Mainguy Senior Project Manager – Africa, Middle-East, India / Relations to 
International Financing Institutions (IFIs), SUEZ 

Brice Megard Chief Executive Officer, SITA Atlas 

Francois Van Hauw Chief Executive Officer, SITA Trashco 

Ananthula Mahendra  Assistant Vice President, Sales & Business Development, SUEZ 
India 

Henry Saint Bris Senior Advisor, SUEZ 

Joseph Aldy Associate Professor of Public Policy at the Harvard Kennedy 
School, Visiting Fellow at Resources for the Future, Faculty 
Research Fellow at the National Bureau of Economic Research, 
and Senior Adviser at the Center for Strategic and International 
Studies 
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