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CITY OF 


lSS.qfI6.H 
Department of Public Works/Engineering 


PO Box 1307/ Issaquah, \VA 98027 
(425) 837-3400 Fax (425) 837-3409 


February 4, 2010 


Thea Severn 
Planning and Communications Manager 
King County Solid Waste Division 
201 S. Jackson St., Suite 701 
Seattle, WA 98104-3855 


VIA EMAIL 
CSWMP.Comments@kingcounty.gov 


Re: City of Issaquah Comments for the Draft 2009 King County Comprehensive Solid Waste 
Management Plan 


The purpose of this email is to submit comments to King County's Solid Waste Program on the Draft 2009 
King County Comprehensive Solid Waste Management Plan. 


• The City would like to first of all strongly encourage the County to continue to pursue and expand 
Product Stewardship and Producer Responsibility programs for the proper disposal and recycling 
of difficult to handle waste products. This method has shown great success with the ECycle 
Washington Program and adding other materials to the list will reduce toxics and materials going 
to landfill. 


• The Comprehensive Plan places an increasing amount of priority on residential and commercial 
food scrap and organics diversion. We believe that this is the correct direction, however, the 
County should lead work in partnership with the Cities to evaluate future organics processing 
capacity to expand processing capacity in the region and/or help ensure that the capacity of local 
processors of organics is adequate to handle the increasing volume. 


• With the phasing out of collection events, the City would encourage the County to allocate funding 
to support local drop-off recycling facilities such as the AtWork! Recycling Center and other 
facilities which handle many of the materials handled at collection events, in order to expand 
recycling capacity and promote the options available. 


• Given the City of Issaquah's proximity and the planned closure of the Factoria transfer station the 
County should provide alternate options for commercial and potentially self-haul vehicles during 
closure periods including direct haul to the Cedar Hills landfill. The City would welcome early 
coordination and planning with the County on plans for this site. 


• The City has a continued interest in the County plans for waste to energy facilities, or sending 
waste to such facilities, and would like to be updated as these plans evolve over time. 


Sincerely, ~ 


fUI!iil Jv! L--;' 'Yl,Ajv' f J t 
V J 
Robert Brock 
Director, Public Works Engineering 


cc: David Fujimoto, Micah Bonkowski 
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2009 Draft Solid Waste Plan Comments 
King County Solid Waste Division 
201 South Jackson St., Suite 701 
Seattle, Washington 98104-3855 
 
Dear Sir or Madam: 
 
 The undersigned appreciate the opportunity to provide comments on King County’s Draft 
2009 Comprehensive Solid Waste Management Plan (referred to below as the “Draft 2009 
Plan”).  Our interest in the Draft 2009 Plan has several aspects.  Aside from the fact that Seattle-
King County is the location of our firm’s largest office, a number of attorneys in several of our 
offices (that is, Washington, D.C., Portland and Seattle) have longstanding professional 
experience in a broad range of legal and public policy topics concerning management of 
municipal solid waste (“MSW”).  Of particular relevance to the 2009 Draft Plan, that includes 
substantial involvement in legal services on behalf of local government in connection with 
waste-to-energy (“WTE”) facility development, licensing and operation, and Councilmember 
Kathy Lambert has been interested in our firm’s local government-focused WTE work.1  The 
context for our comments is the fact that King County has previously relied on landfilling for 
disposal of non-recyclable/non-recycled waste, and the long-term management strategy under the 
County’s 2001 solid waste management plan was disposal at out-of-county (and distant) 
landfills.  See Draft 2009 Plan at page 1-8.  The Draft 2009 Plan proposes a change in course, 
however, and exploration of other alternatives, including WTE.  The principal focus of the 


                                                 
1 That work encompasses a variety of matters concerning waste-to-energy and municipal solid waste 


management, ranging from facility permitting and regulation under state solid waste laws, human 
health and ecological risk assessment, and site selection and alternatives analysis, to New Source 
Review permitting and other air quality matters under the federal Clean Air Act and parallel state 
laws.  A related aspect of our WTE-related work involves representation of a national coalition of 
local government-public sector WTE facility owners in connection with federal legislation addressing 
renewable energy and climate change.  We are also counsel to a separate coalition of local 
governments (also national in scope) concerning solid waste “flow control” laws and similar 
ordinances and regulations through which county and municipal governments designate specific 
facilities for management of locally-generated waste.  The latter work includes advising local 
government clients on related questions of federal law, including Commerce Clause issues that affect 
the use of flow control. 
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discussion that follows is the very strong case for WTE as the principal future means for 
managing King County’s non-recyclable solid waste.  The points we address are the following: 
 
  1. Introduction and Overview      Page 2 


  2. WTE is Clean, Renewable Energy     Page 3 


  3. WTE Has Significant Environmental Benefits    Page 4 


  4. Life-Cycle GHG Emissions Are Lower from WTE than Landfills Page 5 


  5. Key Factors that Offset – and Facilitate Recovery of – WTE Costs Page 7 


a. Revenues from Energy Sales and Renewable Energy Credits  
 Substantially Reduce the Net Cost of WTE   Page 8 


b. Flow Control Authority Facilitates Recovery of WTE Costs Page 9 


  6. WTE Has a Positive Impact on Local Employment   Page 10 


*  *  * 


 1. Introduction and Overview 
 
 Although a largely untapped resource in the United States (only 6.9% of our MSW is 
directed to WTE while 64.5% is landfilled), WTE has far greater use in many other nations that 
are at least equally conscientious stewards of the environment.  See The State of Garbage in 
America, http://www.jgpress.com/archives/2008_12.html (BioCycle, Dec. 2008); Attachment 1, 
p. 601 (for the reader’s convenience, copies of a number of the source documents we cite 
accompany this letter).  Sound public policy is increasingly turning away from landfilling – and 
toward WTE – as a primary management method for non-recyclable municipal solid waste.  
While landfilling can serve as a necessary component of a given community’s “integrated waste 
management system,” the future use of landfilling should be limited given the significant 
advantages that WTE provides.2  As the Chief of the U.S. Environmental Protection Agency’s 
Energy Recovery Branch (Rick Brandes), recently noted, evolving EPA policy for “integrated 
waste management” is approaching a paradigm shift in the status quo (i.e., 64.5% landfilling, 
6.9% WTE and the balance recycling) in which the “best integrated material management 


                                                 
2 “Integrated waste management” refers to the complementary use of several waste management 


alternatives “to safely and effectively handle the municipal solid waste stream with the least adverse 
impact on human health and the environment.”  The Solid Waste Dilemma: An Agenda for Action, 
U.S. Environmental Protection Agency, EPA/530-SW-8-019, at 16 (Feb. 1989) (cited below as 
“Agenda for Action”).  “EPA’s integrated waste management hierarchy includes the following four 
components, listed in order of preference: [s]ource reduction . . . [r]ecycling . . . [c]ombustion with 
energy recovery [and] [d]isposal through landfilling.”  Municipal Solid Waste in the United States: 
2007 Facts and Figures, USEPA, p. 11 (available at 
http://www.epa.gov/osw/nonhaz/municipal/pubs/msw07-rpt.pdf) (cited below as “2007 Facts and 
Figures”). 
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strategy” will be 45% recycling, 10% landfilling and 45% WTE.  Attachment 2, slide 30.3  While 
that would be a major change, it is already being accomplished in a number of European nations 
(e.g., Germany – 64% recycling, 1% landfilling and 35% WTE; Sweden – 49% recycling, 4% 
landfilling and 47% WTE).  See 
http://www.cewep.com/storage/med/media/energy/288_EEF_debate_final.pdf?fCMS=f6750c75a
d80c7b28591efd56e27ee86 (at page 6). 
 
 In that regard, the Draft 2009 Plan notes (at page 6-10) that WTE (i.e., conversion 
technology) is slightly more expensive than waste export (rail haul/landfill disposal).  That 
implicates a reality of municipal solid waste management that could be referred to as the 
“Second Law of Garbage,” specifically, in the absence of active intervention by local 
government, management of municipal solid waste will generally default to the lowest cost – in 
terms of short-term costs – and frequently less environmentally sound alternatives.  See Facing 
America’s Trash: What Next For Municipal Solid Waste? Office of Technology Assessment, 
101st Cong., at 275 (Oct. 1989); see also Agenda for Action at 8 (describing the “First Law of 
Garbage” as “Everybody wants us to pick it up, and nobody wants us to put it down”).  Although 
the capital-intensive nature of WTE may entail higher short-term expense compared to rail-
haul/landfill disposal, that is not the case over the long term and is amply justified by the 
environmental benefits that WTE provides. 
 
 2. WTE is Clean, Renewable Energy 
 
 Consideration of these matters begins with recognition that the United States needs to 
dramatically increase its use of clean, renewable energy.  That has significant implications for 
waste-to-energy, because it is now widely agreed that WTE is one of the most environmentally 
protective sources of renewable energy.  In that regard, standard, widely accepted definitions of 
“renewable energy” routinely include WTE.  See 
http://www.libraryindex.com/pages/1532/Renewable-Energy-Defined.  This includes not only 
federal laws and regulations (e.g., USEPA, Department of Energy, Biomass Research and 
Development Act of 2000, Public Utility Regulatory Policy Act), but also laws and regulations in 
nearly 25 states. See http://www.energyrecoverycouncil.org/waste-energy-producesclean-
renewable-a2984.  Moreover, the federal government’s obligation to purchase “renewable 
energy” under section 203 of the Energy Policy Act of 2005 specifically includes WTE.  Thus, as 
emphasized in the World Economic Forum’s January 2009 report, Green Investing – Towards a 
Clean Energy Infrastructure, WTE is one of eight “key renewable energy sectors” that is 
“particularly promising in terms of . . . abatement potential” for carbon emissions.  Attachment 3, 
p. 27. 


                                                 
3 Attachment 2 is the PowerPoint program for the keynote address presented by Mr. Brandes at the 17th 


Annual North American Waste-to-Energy Conference, May 18, 2009, Chantilly, Virginia (the Energy 
Recovery Branch is part of EPA’s Office of Resource Conservation and Recovery). 
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 3. WTE Has Significant Environmental Benefits 
 
 In addition to its renewable quality, the environmental benefits of WTE are considerable 
and have increasing importance.  These environmental benefits underscore the advantages of 
WTE over landfilling. 
 
 More specifically, WTE is a very clean and reliable energy source.  Reflecting state and 
federal requirements for the most advanced emissions control technology, WTE emissions have 
plummeted since the late 1980’s (e.g., annual WTE emissions of dioxin have decreased by a 
factor of 1,000 to less than 12 grams), Attachment 4, p. 1722, and WTE emissions are lower than 
landfill emissions for 9 of 10 major air pollutants.  Attachment 5, p. B-30.  As a result, EPA 
recognizes WTE as a renewable energy source that “produce[s] 2800 megawatts of electricity 
with less environmental impact than almost any other source of electricity.”  See 
http://www.energyrecoverycouncil.org/userfiles/file/epaletter.pdf.  Moreover, EPA’s hierarchy 
for “integrated waste management” recommends waste combustion with energy recovery over 
landfilling (as does the European Union).  See 2007 Facts and Figures, supra, p. 11. 
 
 WTE’s efficiency and reliability are clear as well.  Thus, WTE recovers approximately 
600 kilowatt hours of electricity per ton of waste, which is approximately ten times the electric 
energy recoverable from a ton of landfilled waste.  Attachment 6, p. 1714; see also Attachment 
5, p. B-29.  WTE is also base-load generation that is available at essentially all times (24 hours a 
day and 7 days each week) and is unaffected by days that are cloudy or calm (in contrast to other 
renewable energy sources such as solar and wind power).  WTE is also a paradigm example of 
“distributed generation” that advances sustainability by serving nearby load without the need for 
new long-distance transmission lines (unlike other renewables).  In addition, because 
communities can site their WTE facilities within the area of waste generation, the fossil fuels that 
would be required for waste export – as well as the resultant air pollutant emissions – are 
avoided. 
 
 WTE is also fully compatible with recycling.  In fact, WTE-reliant communities are 
consistent national leaders in recycling, with recycling rates that are typically at least five 
percentage points above the national average (using a very conservative calculation), and 
routinely outperform non-WTE communities.  Attachment 7, pp. ii, 8.4  Although recycling rates 
are driven by state recycling policies that apply equally to WTE and non-WTE communities, 
WTE communities’ recycling rates are generally higher than non-WTE communities in the same 
state.  Id., p. 11 and Figure 3.  For example, WTE-reliant Marion County, Oregon, consistently 
achieves one of the highest recycling rates in the nation – more than 52% (which is also among 


                                                 
4 The method used to calculate the WTE communities’ recycling rate omits several recyclables that 


were included in calculating the national rate, and the national rate is a composite that includes WTE 
communities – the more accurate comparison would exclude WTE communities in calculating the 
national rate. 
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the highest in Oregon).5  Moreover, as noted above (page 3), the European countries with the 
greatest reliance on WTE also have the highest recycling rates (e.g., Germany, the Netherlands, 
Sweden, Belgium, Denmark and Austria).  See 
http://www.cewep.com/storage/med/media/energy/288_EEF_debate_final.pdf?fCMS=f6750c75a
d80c7b28591efd56e27ee86 (at page 6).  Given these facts, it is not surprising that one of the 
United States’ leading national environmental advocacy organizations, The Nature Conservancy, 
ranks WTE as one of the most environmentally protective renewable energy sources.  
Attachment 8, p. 24. 
 
 Finally, aside from these significant environmental benefits, WTE’s important qualities 
also represent a positive step forward in domestic energy security.  WTE can play a significant 
roll in the “all of the above” approach that is gaining increasing recognition as the strategy the 
United States will need to adopt to achieve energy independence. 
 
 4. Life-Cycle GHG Emissions Are Lower from WTE than Landfills 
 
 The Draft 2009 Plan recognizes two fundamental points with regard to greenhouse gas 
(“GHG”) emissions and climate change: (i) climate change is one of the nation’s leading 
environmental concerns, Draft 2009 Plan at page 1-1; and (ii) “proper solid waste management 
plays a significant role in reducing greenhouse gas emissions.”  Id. at 1-5.  Consideration of 
climate change impacts is, accordingly, one of six primary policies that frame solid waste 
management system planning for the County, id. at 2-14 and 2-15, and one of the Draft 2009 
Plan’s objectives is to pursue waste management practices and facilities “that will further reduce 
[the County’s] carbon footprint and promote the greening of [its] natural and built 
environments.”  Id. at 1-3.  Given that context, it bears particular emphasis that WTE is one of 
the most effective waste management tools to achieve the climate change mitigation policy 
reflected throughout the Draft 2009 Plan. 
 
 Using life-cycle analysis, EPA’s solid waste management planning methodology shows 
that WTE reduces GHG emissions by: (i) generating electricity and/or steam, which reduces 
GHG emissions from fossil fuel sources; (ii) avoiding the potential methane emissions that 
would result if the same waste is landfilled; and (iii) recovering ferrous and nonferrous metals 
which, in turn, avoids the additional energy consumption that would be required if the same 
metals were produced from virgin ores.  Attachment 6, pp. 1711-14; see also Attachment 5, Part 
B, Summary and pp. B-23 to B-32.  EPA’s analysis shows that WTE yields the best results 
(compared to landfills) on various bases, including maximum energy recovery and lower GHG 
emissions.  Attachment 6, pp. 1711-14, 1716-17.  Consistent with EPA’s findings, other 
scientific and engineering analyses show that WTE reduces GHG emissions by 0.5 - 1.3 tons of 
CO2e per ton of MSW combusted rather than landfilled  and the low end of that range assumes 
a modern landfill with landfill gas recovery-reuse and a local electrical grid of relatively low 
carbon intensity.  Attachment 4, p. 1719; Attachment 6, p. 1711.  On a national basis, and using 


                                                 
5  See 2007 Oregon Material Recovery and Waste Generation Rates Report, September 2008 (08-LQ-


092), Table 4, http://www.deq.state.or.us/pubs/reports.htm#Recovery. 
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an average of one ton of CO2e avoided per ton of MSW processed at a WTE facility, diverting to 
WTE facilities just half of the MSW currently sent to U.S. landfills would reduce CO2e 
emissions by 130 million tons.  See The State of Garbage in America, 
http://www.jgpress.com/archives/2008_12.html (BioCycle, Dec. 2008) (select link entitled 
“Click here for pdf containing tables from this article” and scroll to Table 3; calculation based on 
the approximately 260 million tons of MSW landfilled in the U.S. in 2006).6 
 
 WTE’s significant role in mitigating GHG emissions is widely recognized.  For example, 
WTE’s mitigation of GHG impacts is emphasized by the Intergovernmental Panel on Climate 
Change (IPCC), a leading forum of independent scientific experts.  The IPCC notes WTE’s dual 
benefits of (i) displacing fossil fuel combustion and (ii) avoided landfill methane emissions.  
Attachment 1, p. 601.  Similarly, the Kyoto Protocol’s Clean Development Mechanism approves 
WTE as a source of tradeable GHG emission reduction credits that displaces electricity from 
fossil fuels and avoids landfill methane emissions from waste.  Attachment 10, pp 1-3.  And the 
February 20, 2007 joint statement of Columbia University’s Earth Institute Global Roundtable 
on Climate Change (GROCC) identifies WTE as an important means to reduce carbon emissions 
from fossil fuel-based electricity and methane emissions from landfills.  Attachment 11, pp. 9, 11 
(the signatories to GROCC’s joint statement range from Dr. James Hansen, NASA Goddard 
Institute for Space Studies, to Environmental Defense).  Similarly, as noted above, the World 
Economic Forum’s January 2009 report, Green Investing – Towards a Clean Energy 
Infrastructure, recognizes WTE as one of eight key renewables that is “particularly promising in 
terms of . . . abatement potential” for carbon emissions.  Attachment 3, p. 27. 
 
 Putting these factors in context, a very substantial reduction in GHG emissions would 
result from changing King County’s primary means for managing non-recyclable waste from 
landfill disposal to WTE.  In that regard, the County’s annual disposal volume at the Cedar Hills 
Regional Landfill exceeded 1,000,000 tons in 2007, and due to the national recession has 
declined somewhat during 2008-09 (e.g., Cedar Hills disposal volume for 2008 was 930,000 
tons).  Draft 2009 Plan at pages 2-19, 6-1.  The County’s recycling rate was a very commendable 
47% in 2007, id. at page 3-4, but like disposal tonnage, recycling volume has declined during the 
current economic downturn.  Id. at page 2-19.  The Draft 2009 Plan projects that the County’s 
recycling rate will increase to 55% in 2016 and 70% in 2020.  Id. at Figure 2-2 (page 2-19).  
Those rates are very laudable goals, and assuming they can be achieved, there will continue to be 
a vast amount of material that cannot be recycled and requires disposal.  See id. at Figure 2-2 
(page 2-19) and page 3-2.  As shown above, WTE is the management alternative for non-


                                                 
6 “CO2e” is the shorthand for “carbon dioxide equivalent,” and is the mechanism for quantifying the 


relative impact of carbon dioxide and other greenhouse gases based on their respective global 
warming potential.  The factor noted in the preceding text, one ton of CO2e avoided per ton of WTE-
processed MSW, is widely recognized as representative of modern landfills designed for methane 
recovery and reuse.  See Attachment 9, Susan A. Thorneloe, et al., “The Impact of Municipal Solid 
Waste Management on Greenhouse Gas Emissions in the United States,” 52 J. Air and Waste Mgmt. 
Ass'n 1000, 1009 (Sept. 2002). 
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recyclable/non-recycled waste that will best protect the environment, including mitigation of 
GHG emissions. 
 
 An example helps to demonstrate this point.  Thus, while the Draft 2009 Plan (page 1-10) 
indicates that the landfill gas recovery and reuse system in place at the Cedar Hills landfill is 
avoiding CO2e emissions equivalent to 22,000 passenger cars, WTE would avoid a considerably 
larger quantity of CO2e emissions.  More specifically, using the County’s 2008 disposal volume 
of 930,000 tons at the Cedar Hills landfill and an average of one ton of CO2e avoided per ton of 
MSW processed at a WTE facility, the resulting 930,000-ton reduction in GHG emissions is 
equivalent to removing 195,000 passenger cars from the roads and highways of King 
County.7  In short, as the Chief of EPA’s Energy Recovery Branch emphasized, “[i]f you want 
to have an impact on greenhouse gas mitigation, focus on MSW [because there’s] nationally 
significant energy available from MSW combustion [and] even if you have >50% recycling, you 
still have a significant amount of energy to recover.”  Attachment 2, slide 19.8 
 
 5. Key Factors that Offset – and Facilitate Recovery of – WTE Costs 
 
 The Draft 2009 Plan (at page 7-11) notes that the Division is exploring new sources of 
revenue for waste management programs.  That has direct relevance to WTE in several ways.  
First, WTE is the source of significant revenue streams  from the sale of electricity and steam as 
well as the sale of “renewable energy credits.”  In addition, due to its capital-intensive nature, 
WTE is frequently used in connection with municipal solid waste “flow control” (or “facility 
designation”) authority, which not only helps the affected community to address WTE’s 
potentially higher short-term costs, but also encourages increased recycling and waste 
minimization. 
 
 
 
 


                                                 
7 See http://www.epa.gov/OMS/climate/420f05004.htm (scroll to Step 6, DOT fuel economy, 


passenger cars).  If all “passenger vehicles” are considered, which includes light trucks, the reduction 
noted in the text above would be 180,000 vehicles.  Similarly, the 22,000 passenger-car figure noted 
in the text would decrease to about 20,000 if it was based on all “passenger vehicles” rather than only 
passenger cars. 


8 Gershman, Brickner & Bratton, Inc. (“GBB”), has thoroughly evaluated the rail transport issues (cost, 
contractual, etc.) the County would confront if it pursues long-term landfill disposal rather than WTE.  
See Independent, Third Party Review of the Solid Waste Transfer and Waste Export System Plan, 
Prepared for the King County Council, GBB, Fairfax, Virginia, July 31, 2007.  Aside from those 
concerns, the air emissions and fossil fuel consumption associated with long term rail haul of MSW 
will be substantial.  The Pacific Northwest does not, moreover, have an overabundance of rail 
capacity.  Placing additional demands on that rail capacity will cause higher transportation costs, not 
only for MSW, but for products and goods of all types. 
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  a. Revenues from Energy Sales and Renewable Energy Credits Substantially 
Reduce the Net Cost of WTE         


 Turning first to the sale of WTE-produced electricity and/or steam, co-generation (that is, 
the ability to produce both steam and electricity) is an inherent feature of WTE facilities (many 
WTE facilities limit their energy production to electricity due to the absence of steam “hosts,” 
i.e., purchasers, in close geographic proximity).  In addition to selling electricity into the local 
electricity grid, WTE qualifies as a “renewable” energy source under various state programs that 
establish a “renewable energy standard” (“RES”) for local utilities.  These programs require 
affected utilities to rely on renewable sources for a portion (which increases over time) of their 
annual electricity sales.  Utilities meet that annual obligation by securing (for example, 
purchasing) “renewable energy credits” (“RECs”) from eligible sources, such as WTE (RECs are 
issued based on the units of renewable electricity produced, which is usually on a megawatt hour 
[“MWh”] basis). 
 
 Pending federal legislation has particular importance in this regard.  More specifically, 
H.R. 2554, the “American Clean Energy and Security Act of 2009,” and S. 1462, the “American 
Clean Energy Leadership Act of 2009,” would establish a national RES, and WTE qualifies as 
renewable under both bills.  RECs have considerable value  a recent report by the National 
Renewable Energy Laboratory (“NREL”) conservatively estimates REC values of $22 per MWh 
and higher.  See National Renewable Energy Laboratory, U.S. Dep’t of Energy, Technical Rep. 
No. NREL/TP-6A2-45877, Comparative Analysis of Three Proposed Federal Renewable 
Electricity Standards 13 (2009) (http://www.nrel.gov/docs/fy09osti/45877.pdf).  Of particular 
importance, RECs are marketable on a nationwide basis, and if a given state elects not to include 
WTE as a renewable for purposes of satisfying the state’s RES, the WTE facility owner is free to 
sell its RECs to another utility in a different state. 
 
 Although WTE cost data can have substantial regional variation, recent data for new 
WTE capacity in the mid-Atlantic region shows how energy-related revenues significantly offset 
WTE’s cost.  That data assumes WTE capital and operations and maintenance (“O&M”) expense 
of approximately $122 per ton of MSW throughput.  That amount is offset by revenue from the 
sale of electricity, which is approximately $46 per ton of MSW.  The latter figure is market-
based and currently low due to reduced energy demand in the mid-Atlantic region (as a 
consequence of the national economic downturn).  WTE’s capital and O&M costs are further 
reduced by REC credits, for which future estimates are (as noted above) in the range of $22 per 
MWh and higher – or approximately $14 per ton of MSW throughput (combustion of 1 ton of 
MSW generates approximately .60 MWh).  Finally, revenue from the sale of steam (a distinct 
possibility for King County given existing steam system infrastructure in Seattle) would further 
reduce the net cost of WTE.  In short, revenue from energy production – that is, the sale of 
electricity and steam as well as the value of renewable energy credits (not to mention 
revenue from post-combustion recovery of high quality ferrous and non-ferrous metals) – 
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can offset more than 50% of the capital investment and operations and maintenance 
expense associated with a WTE facility.9 
 
b. Flow Control Authority Facilitates Recovery of WTE Costs 


 The second revenue-related topic noted above is “flow control” (or “facility designation”) 
authority, which refers to action by local government to “control the flow” of MSW by (i) 
selecting a specific facility (or set of facilities) for processing, disposal, etc., of local waste, and 
(ii) effectuating the local government’s choice of facilities through an ordinance or regulation 
that “designates” those facilities and requires their use by waste haulers.  Use of flow control is 
grounded in state law, and the Washington Revised Code authorizes flow control by cities, towns 
and counties.  See R.C.W. §§ 35.21.130(1) and 36.58.040; see also Draft 2009 Plan, Appendix 
B, Template for Interlocal Agreement (under § 6.2.b of the interlocal agreement, signatory cities 
adopt ordinances, consistent with R.C.W. § 35.21.130(1), designating the County system for 
disposal of all MSW).  The use of flow control to designate publicly-owned waste management 
facilities was recently upheld by the Supreme Court in United Haulers Association v. Oneida-
Herkimer Solid Waste Management Authority, 550 U.S. 330 (2007). 
 
 It should also be noted that use of flow control can facilitate increased recycling.  As 
explained in the record in the United Haulers case, flow control facilitates “[c]harging tipping 
fees for non-recyclable waste that support all waste [management] system components, and 
[conversely] not charging fees for delivery of recyclables” or other essential components of 
integrated waste management, such as programs for yard waste and household hazardous waste 
collection, educational programs, etc.  That prompted the Supreme Court to recognize the role of 
flow control in “creat[ing] enhanced incentives for recycling” and waste minimization.  Id. at 
347.10 
 
 
 


                                                 
9 Other potential byproducts that can further reduce WTE costs include gypsum and chemical recovery 


from flue gas treatment residues as well as reuse of WTE ash residue for road base, embankment 
stabilization, etc. 


10 See United Haulers Ass’n, Inc. v. Oneida-Herkimer Solid Waste Mgmt. Auth., No. CV-95-0516 
(N.D.N.Y.), Expert Report of Dr. Robert N. Stavins, Jan. 10, 2003, ¶¶42, 49 (“Charging tipping fees 
for non-recyclable waste that support all waste system components, and not charging fees for delivery 
of recyclables . . . [or yard waste and household hazardous waste collection, educational programs, 
etc.], provides greater incentives not only for complying with recycling laws, but also for reductions 
in the generation of waste.”).  The enhanced incentives for waste reduction and recycling that result 
from the use of flow control are not possible through other means, such as tax subsidies.  That is 
because a tax subsidy cannot provide the same difference in relative cost that results when the price 
for disposing of waste is increased to the level necessary to support all aspects of integrated waste 
management.  Id., ¶60.  These points and others that address the interplay between flow control and 
WTE are discussed in Attachment 12. 







 
February 4, 2010 


Page 10 
 
 


 6. WTE Has a Positive Impact on Local Employment 
 
 Finally, it is also important to note the significant role that WTE plays in creating stable, 
high-paying jobs for the local economy.  In that regard, WTE facilities are large infrastructure 
projects, and a given facility will create hundreds of construction jobs, ranging from various 
professions (e.g., civil, mechanical and electrical engineering) to a broad spectrum of skilled 
trades.  In addition, ongoing operation of WTE facilities requires a skilled work force and three-
shift, 24/7 operation.  In short, WTE is a very positive factor for long-term local employment. 
 


*  *  * 
 
 To recap, WTE: (i) is a significant source of renewable energy that substantially reduces 
GHG emissions by displacing electric power generation from fossil fuels and landfill disposal of 
MSW; (ii) provides clean, baseload energy with very low emissions; (iii) recovers ten times the 
energy (electric power) from a ton of waste in comparison to landfill methane recovery-reuse; 
(iv) reduces the environmental impact and cost of transporting both waste and energy because it 
is “distributed” generation (i.e., energy is used where it is generated); (v) complements recycling 
programs rather than competing with recycling; and (vi) is an underutilized energy resource.  In 
view of these factors and the others discussed above, we submit that the long-term interests of 
King County and its residents, businesses and institutions will be best served by a policy 
commitment to WTE, which would be incorporated into the County’s revised Comprehensive 
Solid Waste Management Plan. 
 
 We appreciate the opportunity to comment on the Draft 2009 Plan, and please feel free to 
call any of the undersigned with questions. 
 
Sincerely, 


      
Scott M. DuBoff   Robert B. Spitzer   Matthew R. Schneider 
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Revision to the approved baseline methodology AM0025 version 06 


“Avoided emissions from organic waste through alternative waste treatment processes”  


 


I.  SOURCE AND APPLICABILITY 


Source 


This baseline methodology is based on the following proposed methodologies: 


• “Organic waste composting at the Matuail landfill site Dhaka, Bangladesh” whose baseline study, 
monitoring and verification plan and project design document were prepared by World Wide 
Recycling B.V. and Waste Concern; 


• “PT Navigat Organic Energy Indonesia Integrated Solid Waste Management (GALFAD) project in 
Bali, Indonesia” whose baseline study, monitoring and verification plan and project design 
document were prepared by Mitsubishi Securities Co.; 


• “Municipal solid waste treatment cum energy generation project, Lucknow, India” whose baseline 
study, monitoring and verification plan were prepared by Infrastructure Development Finance 
Company Limited on behalf of Prototype Carbon Fund; 


• “Aerobic thermal treatment of municipal solid waste (MSW) without incineration in Parobé - RS” 
whose baseline study, monitoring and verification plan and project design document were prepared 
by ICF Consulting. 


• “MSW Incineration Project in Guanzhuang, Tianjin City” whose baseline study, monitoring and 
verification plan and project design document were prepared by Global Climate Change Institute 
(GCCI) of Tsinghua University, Energy Systems International and Tianjin Taida Environmental 
Protection Co. Ltd. 


For more information regarding these proposals and their consideration by the Executive Board, please 
refer to the following cases at http://cdm.unfccc.int/methodologies/PAmethodologies/approved.html: 


• NM0090: “Organic waste composting at the Matuail landfill site Dhaka, Bangladesh”; 


• NM0127: “PT Navigat Organic Energy Indonesia Integrated Solid Waste Management (GALFAD) 
project in Bali, Indonesia”; 


• NM0032: “Municipal Solid Waste Treatment cum Energy Generation Project, Lucknow, India”; 


• NM0174-rev: “MSW Incineration Project in Guanzhuang, Tianjin City”; 


• NM0178: “Aerobic thermal treatment of municipal solid waste (MSW) without incineration in 
Parobé - RS”. 


This methodology also refers to the “Consolidated baseline methodology for grid-connected electricity 
generation from renewable sources” (ACM0002), small-scale methodologies AMS-I.D “Grid connected 
renewable electricity generation”, “Avoided methane emissions from organic waste-water treatment” 
(AM0013), the latest version of the “Tool to determine project emissions from flaring gases containing 
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methane”, the latest version of the “Tool for the demonstration and assessment of additionality” and the 
latest version of the “Tool to determine methane emissions avoided from dumping waste at a solid waste 
disposal site”. 


Selected approach from paragraph 48 of the CDM modalities and procedures 


“Emissions from a technology that represents an economically attractive course of action, taking into 
account barriers to investment” 


or 


“Existing actual or historical emissions, as applicable”  


Applicability 


The methodology is applicable under the following conditions: 


• The project activity involves one or a combination of the following waste treatment options for the 
fresh waste that in a given year would have otherwise been disposed of in a landfill: 


a) a composting process in aerobic conditions; 


b) gasification to produce syngas and its use; 


c) anaerobic digestion with biogas collection and flaring and/or its use; 


d) mechanical/thermal treatment process to produce refuse-derived fuel (RDF)/stabilized biomass 
(SB) and its use.  The thermal treatment process (dehydration) occurs under controlled conditions 
(up to 300 degrees Celsius).  In case of thermal treatment process, the process shall generate a 
stabilized biomass that would be used as fuel or raw material in other industrial process.  The 
physical and chemical properties of the produced RDF/SB shall be homogenous and constant over 
time; 


e) incineration of fresh waste for energy generation, electricity and/or heat.  The thermal energy 
generated is either consumed on-site and/or exported to a nearby facility.  Electricity generated is 
either consumed on-site, exported to the grid or exported to a nearby facility.  The incinerator is 
rotating fluidized bed of hearth or grate type.  


• In case of anaerobic digestion, gasification or RDF processing of waste, the residual waste from these 
processes is aerobically composted and/or delivered to a landfill. 


• In case of RDF/stabilized biomass processing, the produced RDF/stabilized biomass should not be 
stored in a manner that may result in anaerobic conditions before its use.  


• If RDF/SB is disposed of in a landfill, project proponent shall provide degradability analysis on an 
annual basis to demonstrate that the methane generation, , in the life-cycle of the SB is below 1% of 
related emissions.  It has to be demonstrated regularly that the characteristics of the produced RDF/SB 
should not allow for re-absorption of moisture of more than 3%.  Otherwise, monitoring the fate of the 
produced RDF/SB is necessary to ensure that it is not subject to anaerobic conditions in its lifecycle.  







UNFCCC/CCNUCC  
 
CDM – Executive Board  AM0025 / Version 07 
  Sectoral Scope 01 & 13 
  EB 31 
 


 3 


• In the case of incineration of the waste, the waste should not be stored longer than 10 days.  The waste 
should not be stored in conditions that would lead to anaerobic decomposition and, hence, generation 
of CH4 . 


• The proportions and characteristics of different types of organic waste processed in the project activity 
can be determined, in order to apply a multiphase landfill gas generation model to estimate the quantity 
of landfill gas that would have been generated in the absence of the project activity. 


• The project activity may include electricity generation and/or thermal energy generation from the 
biogas, syngas captured, RDF/stabilized biomass produced, combustion heat generated in the 
incineration process, respectively, from the anaerobic digester, the gasifier, RDF/stabilized biomass 
combustor, and waste incinerator.  The electricity can be exported to the grid and/or used internally at 
the project site.  In the case of RDF produced, the emission reductions can be claimed only for the 
cases where the RDF used for electricity and/or thermal energy generation can be monitored. 


• Waste handling in the baseline scenario shows a continuation of current practice of disposing the waste 
in a landfill despite environmental regulation that mandates the treatment of the waste, if any, using any 
of the project activity treatment options mentioned above; 


• In case of waste incineration, the residual waste from the incinerator does not contain more than 1% 
residual carbon. 


• The compliance rate of the environmental regulations during (part of) the crediting period is below 50%; 
if monitored compliance with the MSW rules exceeds 50%, the project activity shall receive no further 
credit, since the assumption that the policy is not enforced is no longer tenable; 


• Local regulations do not constrain the establishment of RDF production plants/thermal treatment plants 
nor the use of RDF/stabilized biomass as fuel or raw material. 


• In case of RDF/stabilized biomass production, project proponent shall provide evidences that no GHG 
emissions occur, other than biogenic CO2, due to chemical reactions during the thermal treatment 
process (such as Chimney Gas Analysis report); 


• The project activity does not involve thermal treatment process of neither industrial nor hospital waste; 


This methodology is not applicable to project activities that involve capture and flaring of methane from 
existing waste in the landfill.  This should be treated as a separate project activity due to the difference in 
waste characteristics of existing and fresh waste, which may have an implication on the baseline scenario 
determination.  


Summary 


This methodology addresses project activities where fresh waste (i.e. the organic matter present in new 
domestic, and commercial waste/municipal solid waste), originally intended for landfilling, is treated either 
through one or a combination of the following process: composting, gasification, anaerobic digestion, RDF 
processing/thermal treatment without incineration, and incineration.  The project activity avoids methane 
emissions by diverting organic waste from disposal at a landfill, where methane emissions are caused by 
anaerobic processes, and by displacing electricity/ thermal energy through the utilization of biogas, syngas 
captured, RDF/stabilized biomass produced from the waste, combustion heat generated in the incineration 
process.  By treating the fresh waste through alternative treatment options these methane emissions are 
avoided from the landfill.  The GHGs involved in the baseline and project activity are CO2, CH4 and N2O. 
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II.  BASELINE METHODOLOGY 


Procedure for the selection of the most plausible baseline scenario 


Step 1: identification of alternative scenarios. 


Project participants should use step 1 of the latest version of the “Tool for the demonstration and 
assessment of additionality”, to identify all realistic and credible baseline alternatives.  In doing so, relevant 
policies and regulations related to the management of landfill sites should be taken into account.  Such 
policies or regulations may include mandatory landfill gas capture or destruction requirements because of 
safety issues or local environmental regulations.1  Other policies could include local policies promoting 
productive use of landfill gas such as those for the production of renewable energy, or those that promote 
the processing of organic waste.  In addition, the assessment of alternative scenarios should take into 
account local economic and technological circumstances.   


National and/or sectoral policies and circumstances must be taken into account in the following ways: 


• In Sub-step 1b of the “Tool for the demonstration and assessment of additionality”, the project 
developer must show that the project activity is not the only alternative that is in compliance with all 
regulations (e.g. because it is required by law); 


• Via the adjustment factor AF in the baseline emissions, which is based on the approved consolidated 
baseline methodology ACM0001 “Consolidated baseline methodology for landfill gas project 
activities”, project developers must take into account that some of the methane generated in the 
baseline may be captured and destroyed to comply with regulations or contractual requirements; 


• The project developer must monitor all relevant policies and circumstances at the beginning of each 
crediting period and adjust the baseline accordingly. 


Alternatives for the disposal/treatment of the fresh waste in the absence of the project activity, i.e. the 
scenario relevant for estimating baseline methane emissions, to be analysed should include, inter alia: 


M1. The project activity (i.e. composting, gasification, anaerobic digestion, RDF processing/thermal 
treatment without incineration of organic waste or incineration of waste) not implemented as a CDM 
project; 


M2. Disposal of the waste at a landfill where landfill gas captured is flared; 


M3. Disposal of the waste on a landfill without the capture of landfill gas. 


If energy is exported to a grid and/or to a nearby industry, or used on-site realistic and credible alternatives 
should also be separately determined for:  


• Power generation in the absence of the project activity;  


• Heat generation in the absence of the project activity. 


For power generation, the realistic and credible alternative(s) may include, inter alia:  


                                                      
1 The project developer must bear in mind the relevant clarifications on the treatment of national and/or sectoral 
policies and regulations in determining a baseline scenario as per Annex 3 to the Executive Board 22nd meeting and 
any other forthcoming guidance from the Board on this subject. 
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P1. Power generated from by-product of one of the options of waste treatment as listed in M1 above, not 
undertaken as a CDM project activity;  


P2. Existing or Construction of a new on-site or off-site fossil fuel fired cogeneration plant;  


P3. Existing or Construction of a new on-site or off-site renewable based cogeneration plant;  


P4. Existing or Construction of a new on-site or off-site fossil fuel fired captive power plant;  


P5. Existing or Construction of a new on-site or off-site renewable based captive power plant ;  


P6. Existing and/or new grid-connected power plants.  


For heat generation, the realistic and credible alternative(s) may include, inter alia:  


H1.  Heat generated from by-product of one of the options of waste treatment as listed in M1 above, not 
undertaken as a CDM project activity;  


H2. Existing or Construction of a new on-site or off-site fossil fuel fired cogeneration plant2; 


H3. Existing or Construction of a new on-site or off-site renewable based cogeneration plant3 ;   


H4. Existing or new construction of on-site or off-site fossil fuel based boilers;  


H5. Existing or new construction of on-site or off-site renewable energy based boilers;   


H6. Any other source such as district heat; and  


H7. Other heat generation technologies (e.g. heat pumps or solar energy). 


STEP 2: Identify the fuel for the baseline choice of energy source taking into account the national 
and/or sectoral policies as applicable.  


Demonstrate that the identified baseline fuel is available in abundance in the host country and there is no 
supply constraint.  In case of partial supply constraints (seasonal supply), the project participants may 
consider an alternative fuel that result in lowest baseline emissions during the period of partial supply.  


Detailed justification shall be provided for the selected baseline fuel.  As a conservative approach, the 
lowest carbon intensive fuel such as natural gas through out the period may be used.  


NOTE:  Steps 3 and 4 shall be applied for each component of the baseline, i.e. baseline for waste 
treatment, electricity generation and heat generation.  


STEP 3: Step 2 and/or step 3 of the latest approved version of the “Tool for demonstration and 
assessment of additionality” shall be used  to assess which of these alternatives should be excluded from 
further consideration (e.g. alternatives facing prohibitive barriers or those clearly economically 
unattractive).   


STEP 4: Where more than one credible and plausible alternative remains, project participants shall, as a 
conservative assumption, use the alternative baseline scenario that results in the lowest baseline emissions 
as the most likely baseline scenario.  The least emission alternative will be identified for each component of 


                                                      
2 Scenarios P2 and H2 are related to the same fossil fuel cogeneration plant. 
3 Scenarios P3 and H3 are related to the same renewable energy based cogeneration plant. 
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the baseline scenario.  In assessing these scenarios, any regulatory or contractual requirements should be 
taken into consideration. 


NOTE: The methodology is only applicable if: 


(a)  the most plausible baseline scenario for the waste treatment component is identified as either the 
disposal of the waste in a landfill without capture of landfill gas (M3) or the disposal of the waste in a 
landfill where the landfill gas is partially captured and subsequently flared (M2). 


(b) the most plausible baseline scenario for the energy component of the baseline scenario is one of the 
following scenarios described in Table 1 below.  
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Table 1: Combinations of baseline options and scenarios applicable to this methodology 


Baseline Scenario 


waste electricity Heat 


Description of situation 


1  M2/M3  P4 or P6  H4  The disposal of the waste in a landfill site without 
capturing landfill gas or the disposal of the waste in 
a landfill site where the landfill gas is partly 
captured and subsequently being flared. 
The electricity is obtained from an existing/new 
fossil based captive power plant or from the grid 
and heat from an existing/new fossil fuel based 
boiler. 


2  M2/M3 P2  H2  The disposal of the waste in a landfill site without 
capturing landfill gas or the disposal of the waste in 
a landfill site where the landfill gas is partly 
captured and subsequently being flared. 
The electricity and/or heat are generated by an 
existing/new fossil fuel based cogeneration plant. 


 


Additionality 


The additionality of the project activity shall be demonstrated and assessed using the latest version of the 
“Tool for the demonstration and assessment of additionality” agreed by the CDM Executive Board.4 


Barrier analysis for the various baseline options may include: 


(i)  Investment barrier:  A number of other, financially more viable alternatives, to the project activity 
exist for treating municipal solid waste.  The project proponent shall demonstrate this through the 
identification of the lowest tipping fee option.  The tipping fee is the fee that has to be paid per ton 
of waste to be treated and disposed.  The option requiring the least tipping fee reflects the fact that 
municipalities usually choose the cheapest disposal option within the restrictions set by the MSW 
Rules.  The minimum tipping fee is calculated by using the same project IRR (internal rate of 
return) for all the options.  All costs and income should be taken into account, including the 
income from electricity generation and fertilizer sale.  All technical and financial parameters have 
to be consistent across all baseline options.   


(ii) Technological barrier:  The project technology is the most technologically advanced option of the 
baseline options.  Other options are less technologically advanced alternatives to the project 
activity and involves lower risks due to the performance uncertainty and low market share.  The 
project proponent should provide evidence of the state of development of the project technology in 
the country and document evidence of barriers to the implementation of more the project 
technology. 


                                                      
4 Please refer to: < http://cdm.unfccc.int/methodologies/PAmethodologies/approved.html> 
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(iii) Common practice:  The project proponent should provide evidence of the early stage of 
development of the project activity and that it is not common practice in the country.  To this end, 
they should provide an analysis of waste management practices.   


In the case of RDF/stabilized biomass production, a key uncertainty for additionality is the price of 
RDF/stabilized biomass could attain such level in the region that  RDF/stabilized biomass will be produced.  
The RDF/stabilized biomass price will be directly affected by its demand and the availability of other 
substitute products.  Another evaluation of the stabilized biomass price should be carried out at the end of 
each crediting period (if the renewable crediting period is to be selected). 


Project boundary  


The spatial extent of the project boundary is the site of the project activity where the waste is treated.  This 
includes the facilities for processing the waste, on-site electricity generation and/or consumption, onsite 
fuel use, thermal energy generation, waste water treatment plant and the landfill site.  The project boundary 
does not include facilities for waste collection, sorting and transport to the project site. 


In the case that the project provides electricity to a grid, the spatial extent of the project boundary will also 
include those plants connected to the energy system to which the plant is connected. 


The greenhouse gases included in or excluded from the project boundary are shown in Table 1. 


Table 2: Summary of gases and sources included in the project boundary, and justification / 
explanation where gases and sources are not included. 


 Source Gas  Justification / Explanation 
CH4 Included The major source of emissions in the baseline 
N2O Excluded N2O emissions are small compared to CH4 emissions 


from landfills.  Exclusion of this gas is conservative. 


Emissions 
from 
decomposi
tion of 
waste at 
the landfill 
site 


CO2 Excluded CO2 emissions from the decomposition of organic waste 
are not accounted.a 


CO2 Included Electricity may be consumed from the grid or generated 
onsite/offsite in the baseline scenario 


CH4 Excluded Excluded for simplification.  This is conservative. 


Emissions 
from 
electricity 
consumpti
on 


N2O Excluded Excluded for simplification.  This is conservative.  


CO2 Included If thermal energy generation is included in the project 
activity 


CH4 Excluded Excluded for simplification.  This is conservative. 


B
as


el
in


e 


Emissions 
from 
thermal 
energy 
generation 


N2O Excluded Excluded for simplification.  This is conservative.  
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CO2 Included May be an important emission source.  It includes 
vehicles used on-site, heat generation, start up of the 
gasifier, etc.  


CH4 Excluded Excluded for simplification.  This emission source is 
assumed to be very small. 


On-site 
fossil fuel 
consumpti
on due to 
the project 
activity 
other than 
for 
electricity 
generation 


N2O Excluded Excluded for simplification.  This emission source is 
assumed to be very small. 


CO2 Included May be an important emission source. If electricity is 
generated from collected biogas/syngas, these emissions 
are not accounted for.  CO2 emissions from fossil based 
waste from RDF/stabilized biomass combustion to 
generate electricity to be used on-site are accounted for. 


CH4 Excluded Excluded for simplification.  This emission source is 
assumed to be very small. 


Emissions 
from on-
site 
electricity 
use 


N2O Excluded Excluded for simplification.  This emission source is 
assumed to be very small. 


N2O Included 


May be an important emission source for composting 
activities.  N2O can be emitted from incineration, Syngasa 
produced, anaerobic digestion of waste and 
RDF/stabilized biomass combustion.  


CO2 Included 


CO2 emissions from incineration, gasification or 
combustion of fossil based waste shall be included. CO2 
emissions from the decomposition or combustion of 
organic waste are not accounted.b  


Direct 
emissions 
from the 
waste 
treatment 
processes. 


CH4 Included 


The composting process may not be complete and result 
in anaerobic decay.  CH4 leakage from the anaerobic 
digester and incomplete combustion in the flaring process 
are potential sources of project emissions. CH4 may be 
emitted from stacks a from incineration, the gasification 
process and the RDF/stabilized biomass combustion.  


CO2 Excluded CO2 emissions from the decomposition of organic waste 
are not accounted. b 


CH4 Included The wastewater treatment should not result in CH4 
emissions, such as in anaerobic treatment; otherwise 
accounting for these emissions should be done. 


Pr
oj


ec
t A


ct
iv


ity
 


Emissions 
from waste 
water 
treatment N2O Excluded Excluded for simplification. This emission source is 


assumed to be very small. 
a Project proponents wishing to neglect these emission sources shall follow the clarification in annex 2 of EB 22 
report which states that “magnitude of emission sources omitted in the calculation of project emissions and leakage 
effects (if positive) should be equal to or less than the magnitude of emission sources omitted in the calculation of 
baseline emissions”. 
b CO2 emissions from the combustion or decomposition of biomass (see definition by the EB in Annex 8 of the EB’s 
20th meeting report) are not accounted as GHG emissions.  Where the combustion or decomposition of biomass 
under a CDM project activity results in a decrease of carbon pools, such stock changes should be considered in the 
calculation of emission reductions.  This is not the case for waste treatment projects. 
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Project emissions  


The project emissions in year y are: 


PEy = PEelec,y + PEfuel, on-site,y + PEc,y + PEa,y + PEg,y+ PEr,y+ PEi,y+PEw,y (1) 


Where: 


PEy  is the project emissions during the year y (tCO2e) 


PEelec,y   is the emissions from electricity consumption on-site due to the project activity in year y 
 (tCO2e) 


PEfuel, on-site,y  is the emissions on-site due to fuel consumption on-site in year y (tCO2e)  


PEc,y    is the emissions during the composting process in year y (tCO2e) 


PEa,y  is the emissions from the anaerobic digestion process in year y (tCO2e) 


PEg,y  is the emissions from the gasification process in year y (tCO2e) 


PEr,y  is the emissions from the combustion of RDF/stabilized biomass in year y (tCO2e) 


PEi,y  is the emissions from waste incineration in year y (tCO2e) 


PEw,y  is the emissions from waste water treatment in year y (tCO2e) 


Emissions from electricity use (PEelec,y) 


Where the project activity involves electricity consumption, CO2 emissions are calculated as follows:  


PEelec,y =  EGPJ,FF,y * CEFelec (2) 


Where: 


EGPJ,FF,y is the amount of electricity generated in an on-site fossil fuel fired power plant or 
consumed from the grid as a result of the project activity, measured using an electricity 
meter (MWh) 


CEFelec  is the carbon emissions factor for electricity generation in the project activity (tCO2/MWh) 


In cases where electricity is generated in an on-site fossil fuel fired power plant, project participants should 
use, as CEFelec, the default emission factor for a diesel generator with a capacity of more than 200 kW for 
small-scale project activities (0.8 tCO2/MWh, see AMS-I.D, Table I.D.1 in the simplified baseline and 
monitoring methodologies for selected small-scale CDM project activity categories). 


In cases where electricity is purchased from the grid, the emission factor CEFelec should be calculated 
according to methodology ACM0002 (“Consolidated baseline methodology for grid-connected electricity 
generation from renewable sources”).  If electricity consumption is less than small scale threshold, AMS-
I.D may be used. 


NOTE: Project emissions from electricity consumption do not need to be calculated in case this electricity 
is generated by  the project activity from biogas, or syngas.  In case of electricity generation from 
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RDF/stabilized biomass or incineration, project emissions are estimated as per equations (12) and (13) or 
(14). 


Emissions from fuel use on-site (PEfuel, on-site,y) 


Project participants shall account for CO2 emissions from any on-site fuel combustion (other than 
electricity generation, e.g. vehicles used on-site, heat generation, for starting the gasifier, auxiliary fossil 
fuels need to be added into incinerator to increase the temperature of the incinerator, etc.).  Emissions are 
calculated from the quantity of fuel used and the specific CO2-emission factor of the fuel, as follows:  


PEfuel, on-site,y = Fcons,y * NCVfuel * EFfuel (3) 


Where: 


PEfuel, on-site,y is the CO2 emissions due to on-site fuel combustion in year y (tCO2) 


Fcons,y  is the fuel consumption on site in year y (l or kg) 


NCVfuel  is the net caloric value of the fuel (MJ/l or MJ/kg) 


EFfuel  is the CO2 emissions factor of the fuel (tCO2/MJ)  


Local values should be preferred as default values for the net calorific values and CO2 emission factors.  If 
local values are not available, project participants may use IPCC default values for the net calorific values 
and CO2 emission factors. 


Emissions from composting (PEc,y) 


PEc,y = PEc,N2O,y + PEc,CH4,y (4) 


Where: 


PEc,N2O,y   is the N2O emissions during the composting process in year y (tCO2e) 


PEc,CH4,y   is the emissions during the composting process due to methane production through 
anaerobic conditions in year y (tCO2e) 


N2O emissions 


During the storage of waste in collection containers, as part of the composting process itself, and during the 
application of compost, N2O emissions might be released.  Based upon Schenk5 and others, a total loss of 
42 mg N2O-N per kg composted dry matter can be expected (from which 26.9 mg N2O during the 
composting process).  The dry matter content of compost is around 50% up to 65%. 


Based on these values, project participants should use a default emission factor of 0.043 kg N2O per tonne 
of compost for EFc,N2O and calculate emissions as follows:6 


PEc,N2O,y = Mcompost,y * EFc,N2O * GWPN2O (5) 


                                                      
5 Manfred K. Schenk, Stefan Appel, Diemo Daum, “N2O emissions during composting of organic waste”, Institute of 
Plant  Nutrition University of Hannover, 1997 
6 Assuming 650 kg dry matter per ton of compost and 42 mg N2O-N, and given the  molecular relation of 44/28 for 
N2O-N, an emission factor of 0.043 kg N2O / tonne compost results. 
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Where: 


PEc,N2O,y is the N2O emissions from composting in year y (tCO2e) 


Mcompost,y is the total quantity of compost produced in year y (tonnes/a) 


EFc,N2O is the emission factor for N2O emissions from the composting process (tN2O/t compost) 


GWPN2O is the Global Warming Potential of nitrous oxide, (tCO2/tN2O) 


CH4 emissions 


During the composting process, aerobic conditions are neither completely reached in all areas nor at all 
times.  Pockets of anaerobic conditions – isolated areas in the composting heap where oxygen 
concentrations are so low that the biodegradation process turns anaerobic – may occur.  The emission 
behaviour of such pockets is comparable to the anaerobic situation in a landfill.  This is a potential emission 
source for methane similar to anaerobic conditions which occur in unmanaged landfills.  The duration of 
the composting process is less than the duration of the crediting period.  This is because of the fact that the 
compost may be subject to anaerobic conditions during its end use, which is not foreseen that it could be 
monitored.  Assuming a residence time for the compost in anaerobic conditions equal to the crediting 
period is conservative.  Through pre-determined sampling procedures the percentage of waste that degrades 
under anaerobic conditions can be determined.  Using this percentage, project methane emissions from 
composting are calculated as follows: 


PEc,CH4,y = MBcomposty * GWPCH4 * Sa,y (6) 


Where: 


PEc,CH4,y is the project methane emissions due to anaerobic conditions in the composting process in 
year y (tCO2e) 


Sa,y is the share of the waste that degrades under anaerobic conditions in the composting plant 
during year y (%) 


MBcompost,y is the quantity of methane that would be produced in the landfill in the absence of the 
composting activity in year y (tCH4).  MBcompost,y is estimated by multiplying MBy 
estimated from equation 18 by the fraction of waste diverted, from the landfill, to the 
composting activity (fc) relative to the total waste diverted from the landfill to all project 
activities (composting, gasification, anaerobic digestion and RDF/stabilized biomass, 
incineration) 


GWPCH4 is the Global Warming Potential of methane (tCO2e/tCH4) 


Calculation of Sa,y  


Sa,y is determined by a combination of measurements and calculations.  Bokhorst et al7 and Richard et al8 
show that if oxygen content is below 5% - 7.5%, aerobic composting processes are replaced by anaerobic 


                                                      
7 Jan Bokhorst. Coen ter Berg – Mest & Compost Behandelen beoordelen & Toepassen (Eng: Manure & Compost – 
Treatment, judgement and use), Louis Bolk Instituut, Handbook under number LD8, Oktober 2001 
8 Tom Richard, Peter B. Woodbury, Cornell composting, operating fact sheet 4 of 10, Boyce Thompson Institute for 
Plant Research at Cornell University Cornell University 
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processes.  To determine the oxygen content during the process, project participants shall measure the 
oxygen content according to a predetermined sampling scheme and frequency. 


These measurements should be undertaken for each year of the crediting period and recorded each year.  
The percentage of the measurements that show an oxygen content below 10% is presumed to be equal to 
the share of waste that degrades under anaerobic conditions (i.e. that degrades as if it were landfilled), 
hence the emissions caused by this share are calculated as project emissions ex-post on an annual basis: 


Sa,y = SOD,y / Stotal,y  (7) 


Where: 


SOD,y is the number of samples per year with an oxygen deficiency (i.e. oxygen content below 
10%) 


Stotal,y is the total number of samples taken per year, where Stotal,y should be chosen in a manner 
that ensures the estimation of Sa,y with 20% uncertainty at a 95% confidence level. 


Emissions from anaerobic digestion (PEa,y) 


PEa,y  = PEa,l,y + PEa,s,y  (8) 


Where: 


PEa,l,y  is the CH4 leakage emissions from the anaerobic digesters in year y (tCO2e) 


PEa,s,y  is the total emissions of N2O and CH4 from stacks of the anaerobic digestion process in 
year y (tCO2e) 


CH4 Emissions from leakage (PEa,l,y) 


A potential source of project emissions is the physical leakage of CH4 from the anaerobic digester.  Three 
options are provided for quantifying these emissions, in the following preferential order:  


Option 1:  Monitoring the actual quantity of the gas leakage; 


Option 2:  Applying an appropriate IPCC physical leakage default factor, justifying the selection: 


PEa,l,y = Pl * Ma,y  (9) 


Where: 


PEa,l,y  is the leakage of methane emissions from the anaerobic digester in year y (tCO2e) 


Pl  is the physical leakage factor from a digester (fraction) 


Ma,y is the total quantity of methane produced by the digester in year y (tCO2e) 


Option 3: Applying a physical leakage factor of zero where advanced technology used by the project 
activity prevents any physical leakage.  In such cases, the project proponent must provide the DOE with the 
details of the technology to prove that the zero leakage factor is justified.  


Emissions from anaerobic digestion stacks (PEa,s,y) 
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Biogas produced from the anaerobic digestion process may be either flared or used for energy generation.  
The final stack emissions (either from flaring or energy generation process) are monitored from the final 
stack and estimated as follows: 


PEa,s,y = SGa,y * MCN2O,a,y * GWPN2O  + SGa,y * MCCH4,a,y * GWPCH4 (10) 


Where: 


PEa,s,y is the total emissions of N2O and CH4 from stacks of the anaerobic digestion process in 
year y (tCO2e) 


SGa,y is the total volume of stack gas from the anaerobic digestion in year y (m3/yr) 


MCN2O,a,y is the monitored content of nitrous oxide in the stack gas from anaerobic digestion in year y 
(tN2O/m3) 


GWPN2O is the Global Warming Potential of nitrous oxide (tCO2e /tN2O) 


MCCH4,a,y is the monitored content of methane in the stack gas from anaerobic digestion in year y 
(tCH4/m3) 


GWPCH4 is the Global Warming Potential of methane (tCO2e /tCH4) 


Emissions from gasification (PEg,y) or combustion of RDF/Stabilized Biomass (PEr,y) or waste 
incineration(PEi,y)  


The stack gas from the gasification process and the combustion of RDF may contain small amounts of 
methane and nitrous oxide.  Moreover, fossil-based waste CO2 emissions from the gasification process and 
the combustion of RDF should be accounted for.  


PEg/r/i,y = PEg/r/i,f,y + PEg/r/i,s,y (11) 


Where: 


PEg/r/i,f,y  is the fossil-based waste CO2 emissions from gasification, waste incineration or 
RDF/stabilized biomass  combustion in year y (tCO2e) 


PEg/r/i,s,y  is the N2O and CH4 emissions from the final stacks from gasification, waste incineration or 
RDF/stabilized biomass combustion in year y (tCO2e) 


Emissions from fossil-based waste (PEg/r/i,f,y) 


The CO2 emissions are calculated based on the monitored amount of fossil-based waste fed into the gasifier, 
waste incineration plant or RDF/stabilized biomass combustion, the fossil-derived carbon content, and 
combustion efficiency.  The calculation of CO2 derived from gasification/incineration of waste of fossil 
origin and combusting RDF/stabilized biomass including waste of fossil origin, is estimated as follows:  
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PEg/r/i,f,y = ∑ ××××
i


iiii EFFCFCCWA
12
44


 (12) 


Where: 


PEg/r/i,f,y is the fossil-based waste CO2 emissions from gasification/RDF-combustion/waste 
incineration in year y (tCO2e) 


Ai is the amount of waste type i fed into the gasifier or RDF/stabilized biomass combustor or 
into the waste incineration plant (t/yr) 


CCWi is the fraction of carbon content in waste type i (fraction) 


FCFi is the fraction of fossil carbon in waste type i (fraction) 


EFi is the combustion efficiency for waste type i (fraction) 


44/12 is the conversion factor (tCO2/tC) 


Emissions from gasification stacks or RDF/stabilized biomass combustion or waste incineration (PEg/r/i,s,y) 


Emissions of N2O and CH4 may be estimated from either of the options given below: 


Option 1: 


PEg/r/i,s,y = SGg/r,y * MCN2O,g/r/i,y * GWPN2O  + SGg/r/i,y * MCCH4,g/r/i,y * GWPCH4  (13) 


Where: 


PEg/r,s,y  is the total emissions of N2O and CH4 from gasification, waste incineration or 
RDF/stabilized biomass combustion in year y (tCO2e) 


SGg/r/i,y  is the total volume of stack gas from gasification, waste incineration or RDF/stabilized 
biomass combustion in year y (m3/yr) 


MCN2O,g/r/i,y is the monitored content of nitrous oxide in the stack gas from gasification, waste 
incineration or RDF/stabilized biomass combustion in year y (tN2O/m3) 


GWPN2O is the Global Warming Potential of nitrous oxide (tCO2e/tN2O) 


MCCH4,g/r/i,y is the monitored content of methane in the stack gas from gasification, waste incineration 
or RDF/stabilized biomass combustion in year y (tCH4/m3) 


GWPCH4 is the Global Warming Potential of methane (tCO2e /tCH4) 


Option 2:  


( ) 3
4422,,,// 10−⋅⋅+⋅⋅= CHCHONONybiomassysirg GWPEFGWPEFQPE   (14) 


Where: 


Qbiomass,y is the amount of waste gasified, incinerated or RDF/stabilized biomass combusted in year y 
(tonnes/yr) 
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EFN2O is the aggregate N2O emission factor for waste combustion (kgN2O/tonne of waste) 


EFCH4 is the aggregate CH4 emission factor for waste combustion (kgCH4/tonne of waste) 


Tables 5.4 and 5.3, chapter 5, volume 5 of IPCC 2006 guidelines should be used to estimate EFN2O and 
EFCH4 , respectively.  


In case the RDF/stabilized biomass is used offsite, N2O and CH4 emissions should be accounted for as 
leakage and estimated as per one of the options given above. 


If IPCC default emission factor is used, a conservativeness factor should be applied to account for the high 
uncertainty of the IPCC default values.  The level of the conservativeness factor depends on the uncertainty 
range of the estimate for the IPCC default N2O and CH4 emission factor.  Project participants shall select 
the appropriate conservativeness factor from Table 3 below and shall multiply the estimate for the N2O / 
CH4 emission factor with the conservativeness factor. 


Table 3.  Conservativeness factors  


Estimated uncertainty range (%) 
Assigned 


uncertainty band 
(%) 


Conservativeness factor 
where higher values are 


more conservative 
Less than or equal to 10 7 1.02 
Greater than 10 and less than or equal to 30 20 1.06 
Greater than 30 and less than or equal to 50 40 1.12 
Greater than 50 and less than or equal to 100 75 1.21 
Greater than 100 150 1.37 


Emissions from waste water treatment (PEw,y) 


If the project activity includes waste water release, methane emissions shall be estimated.  If the wastewater 
is treated using aerobic treatment process, the CH4 emissions from waste water treatment are assumed to be 
zero.  If wastewater is treated anaerobically or released untreated, CH4 emissions are estimated as follows:  


p0y,CODy,CODy,w,4CH MCFBPQPE ⋅⋅⋅=   (15) 


Where: 


PECH4,w,y Methane emissions from the waste water treatment in year y (tCH4/y)  


QCOD,y      Amount of  wastewaster treated anaerobically or released untreated from the project 
activity  in year y (m3/yr), which shall be measured monthly and aggregately annually.  


PCOD,y        Chemical Oxygen Demand (COD) of wastewaster (tCOD/ m3), which will be measured 
monthly and averaged annually.  


B0                Maximum methane producing capacity (t CH4/t COD) 


MCFp       Methane conversion factor (fraction), preferably local specific value should be used.  In 
absence of local values, MCFp default values can be obtained from table 6.3, chapter 6, 
volume 4 from IPCC 2006 guidelines.  


IPCC 2006 guidelines specifies the value for B0  as 0.25 kg CH4/kg COD.  Taking into account the 
uncertainty of this estimate, project participants should use a value of 0.265 kg CH4/kg COD as a 
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conservative assumption for Bo. 


In case of all the CH4 are emitted into air directly, then  


4,,4, CHywCHyw GWPPEPE ⋅=  (16) 


If flaring occurs, the “Tool to determine project emissions from flaring gases containing methane” should 
be used to estimate methane emissions.  In this case, PECH4,w,y will be calculated ex-ante as per equation 15, 
and then monitored during the crediting period.  


Baseline emissions 


To calculate the baseline emissions project participants shall use the following equation: 


BEy  =  (MBy - MDreg,y) * GWPCH4 + BEEN,y   (17) 


Where: 


BEy  is the baseline emissions in year y (tCO2e) 


MBy  is the methane produced in the landfill in the absence of the project activity in year y 
(tCH4) 


MDreg,y is methane that would be destroyed in the absence of the project activity in year y (tCH4) 


GWPCH4 is the Global Warming Potential of methane (tCO2e/tCH4) 


BEEN,y   Baseline emissions from generation of energy displaced by the project activity in year y 
(tCO2e).  


CO2 


Adjustment Factor (AF)  


In cases where regulatory or contractual requirements do not specify MDreg,y, an Adjustment Factor (AF) 
shall be used and justified, taking into account the project context.  In doing so, the project participant 
should take into account that some of the methane generated by the landfill may be captured and destroyed 
to comply with other relevant regulations or contractual requirements, or to address safety and odour 
concerns. 


MDreg,y = MBy * AF (18) 


Where: 


AF is Adjustment Factor for MBy (%) 


The parameter AF shall be estimated as follows: 


• In cases where a specific system for collection and destruction of methane is mandated by 
regulatory or contractual requirements, the ratio between the destruction efficiency of that system 
and the destruction efficiency of the system used in the project activity shall be used; 


• In cases where a specific percentage of the “generated” amount of methane to be collected and 
destroyed is specified in the contract or mandated by the regulation, this percentage divided by an 
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assumed efficiency for the collection and destruction system used in the project activity shall be 
used. 


The ‘Adjustment Factor’ shall be revised at the start of each new crediting period taking into account the 
amount of GHG flaring that occurs as part of common industry practice and/or regulation at that point in 
the future. 


Rate of compliance 


In cases where there are regulations that mandate the use of one of the project activity treatment options 
and which is not being enforced, the baseline scenario is identified as a gradual improvement of waste 
management practices to the acceptable technical options expected over a period of time to comply with the 
MSW Management Rules.  The adjusted baseline emissions (BEy,a) are calculated as follows: 
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BEy,a = BEy * ( 1 − RATECompliance
y)  (19) 


Where: 


BEy  Is the CO2-equivalent emissions as determined from equation (14). 


RATECompliance
y  Is the state-level compliance rate of the MSW Management Rules in that year y.  The 


compliance rate shall be lower than 50%; if it exceeds 50% the project activity shall 
receive no further credit. 


In such cases BEy,a should replace BEy in Equation (25) to estimate emission reductions. 


The compliance ratio RATECompliance
y shall be monitored ex post based on the official reports for instance 


annual reports provided by municipal bodies.  


Methane generation from the landfill in the absence of the project activity (MBy) 


The amount of methane that is generated each year (MBy) is calculated as per the latest version of the 
approved “Tool to determine methane emissions avoided from dumping waste at a solid waste disposal 
site”, considering the following additional equation: 


MBy = BECH4,SWDS,y  (20) 


Where: 


BECH4,SWDS,y is the methane generation from the landfill in the absence of the project activity at year y, 
calculated as per the “Tool to determine methane emissions avoided from dumping waste at 
a solid waste disposal site”. 


Aj,x is the amount of organic waste type j prevented from disposal in the landfill in the year x 
(tonnes/year), this is the value to be used for variable Wj,x in the “Tool to determine 
methane emissions avoided from dumping waste at a solid waste disposal site”. 


Baseline emissions from generation of energy displaced by  the project activity.  


Scenario 1 (see table 1 above) 


BEEN,y  = BEelec,y+ BEthermal,y  (21) 


Where: 


BEelec,y is the baseline emissions from electricity generated utilizing the biogas/syngas 
collected/RDF/stabilized biomass/combustion heat from incineration in the project activity 
and exported to the grid or displacing onsite/offsite fossil fuel captive power plant (tCO2e) 


BEthermal,y  is the baseline emissions from thermal energy produced utilizing the biogas/syngas 
collected/RDF/stabilized biomass/combustion heat from incineration in the project activity 
displacing thermal energy from onsite/offsite fossil fuel fueled boiler (tCO2e) 
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 CEF *  EG BE dyd,yelec, =  (22) 


Where:  


EGd,y is the amount of electricity generated utilizing the biogas/syngas collected/RDF/stabilized 
biomass/combustion heat from incineration in the project activity and exported to the grid 
or displacing onsite/offsite fossil fuel captive power plant during the year y (MWh) 


CEFd is the carbon emissions factor for the displaced electricity source in the project scenario  
(tCO2/MWh) 


Determination of CEFd 


Where the project activity involves electricity generation from the biogas/syngas/RDF/stabilized 
biomass/combustion heat from incineration, CEFd  should be chosen as follows: 


•  


• In case the generated electricity from the biogas/syngas/RDF/stabilized biomass/combustion heat from 
incineration displaces electricity that would have been generated by an on-site/off-site fossil fuel fired 
captive power plant in the baseline, project proponents shall estimate the emission factor as follows:   


⋅
⋅


= 6.3*
,


,


bgen


bfuel
d


EF
CEF


ε
 (23) 


Where: 


EFfuel,b   is the emission factor of baseline fossil fuel used, as identified in the baseline scenario 
identification procedure, expressed in tCO2/GJ 


bgen,ε  is the efficiency of baseline power generation plant.  


3.6 equivalent of GJ energy in a MWh of electricity. 


To estimate electricity generation efficiency, project participants may use the highest value among the 
following three values as a conservative approach: 


1.  Measured efficiency prior to project implementation 


2.  Measured efficiency during monitoring 


3.  Data from manufacturer for efficiency at full load 


4. Default efficiency of 60%  


• In case the generated electricity from the biogas/syngas/RDF/stabilized biomass/combustion heat from 
incineration displaces electricity that would have been generated by other power plants in the grid in 
the baseline, CEFd should be calculated according to methodology ACM0002 (“Consolidated baseline 
methodology for grid-connected electricity generation from renewable sources”).  If the thresholds for 
small-scale project activities apply, AMS-I.D may be used. 
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bfuel
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Where： 


Qy   the quantity of thermal energy produced utilizing the biogas/syngas 
collected/RDF/stabilized biomass/combustion heat from incineration in the project activity 
displacing thermal energy from onsite/offsite fossil fuel fueled boiler during the year y in 
GJ 


εboiler   the energy efficiency of the boiler used in the absence of the project activity to generate the 
thermal energy 


NCVfuel Net calorific value of fuel, as identified through the baseline identification procedure, used 
in the boiler to generate the thermal energy in the absence of the project activity in GJ per 
unit of volume or mass 


EFfuel,b  Emission factor of the fuel, as identified through the baseline identification procedure, used 
in the boiler to generate the thermal energy in the absence of the project activity in tons 
CO2 per unit of volume or mass of the fuel. 


To estimate boiler efficiency, project participants may choose between the following two options: 


Option A 


Use the highest value among the following three values as a conservative approach: 


1.  Measured efficiency prior to project implementation; 


2.  Measured efficiency during monitoring; 


3.  Manufacturer’s information on the boiler efficiency. 


Option B 


Assume a boiler efficiency of 100% based on the net calorific values as a conservative approach. 


In determining the CO2 emission factors (EFfuel) of fuels, reliable local or national data should be used if 
available.  Where such data is not available, IPCC default emission factors should be chosen in a 
conservative manner.  


Scenario 2 (see table 1 above):  


Baseline emissions from electricity and heat cogeneration that is displaced by the project activity  


Baseline emissions from electricity and heat cogeneration are calculated by multiplying electricity (EGd,y) 
and heat supplied (Qy) with the CO2 emission factor of the fuel used by the cogeneration plant, as follows:  


cfuel
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Where:  


3.6  conversion factor, expressed as TJ/GWh  


EFfuel,c is the CO2 emission factor per unit of energy of the fuel that would have been used in the 
baseline cogeneration plant in (tCO2 / TJ), obtained from reliable local or national data if 
available, otherwise, taken from the country specific IPCC 2006 default emission factors 


Qy the quantity of thermal energy produced utilizing the biogas/syngas 
collected/RDF/stabilized biomass/combustion heat from incineration in the project activity 
displacing thermal energy from cogeneration during the year y in TJ, 


EGd,y is the amount of electricity generated utilizing the biogas/syngas collected/RDF/stabilized 
biomass/combustion heat from incineration in the project activity displacing onsite/offsite 
cogeneration plant during the year y in GWh 


ηCogen  the efficiency of cogeneration plant that would have been used in the absence of the project 
activity 


Efficiency of the cogeneration plant (ηCogen) shall be one of the following:  


1.  highest of the measured efficiencies of similar plants 


2.  Highest of the efficiency values provided by two or more manufacturers for similar plants; or 


3.  Maximum efficiency of 90%, based on net calorific values 


Leakage 


The sources of leakage considered in the methodology are CO2 emissions from off-site transportation of 
waste materials in addition to CH4 and N2O emissions from the residual waste from the anaerobic 
digestion, gasification processes and processing/combustion of RDF.  Positive leakage that may occur 
through the replacement of fossil-fuel based fertilizers with organic composts are not accounted for.  
Leakage emissions should be estimated from the following equation:  


Ly  = Lt,y + Lr,y + Ls,y  (26) 


Where: 


Lt,y is the leakage emissions from increased transport in year y (tCO2e) 


Lr,y  is the leakage emissions from the residual waste from the anaerobic digester, the gasifier, 
the processing/combustion of RDF/stabilized biomass in year y (tCO2e) 


Ls,y is the leakage emissions from end use of stabilized biomass 


Emissions from transportation (Lt,y) 


The project may result in a change in transport emissions.  This would occur when the waste is transported 
from waste collecting points, in the collection area, to the treatment facility, instead of to existing landfills.  
When it is likely that the transport emissions will increase significantly, such emissions should be 
incorporated as leakage.  In this case, project participants shall document the following data in the CDM-
PDD: an overview of collection points from where the waste will be collected, their approximate distance 
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(in km) to the treatment facility, existing landfills and their approximate distance (in km) to the nearest end-
user. 


For calculations of the emissions, IPCC default values for fuel consumption and emission factors may be 
used.  The CO2 emissions are calculated from the quantity of fuel used and the specific CO2-emission factor 
of the fuel for vehicles i to n, as follows: 


                n 


Lt,y = ∑NOvehicles,i,y * DTi,y * VFcons,i * NCVfuel * Dfuel * EFfuel (27) 
                i 


Where: 


NOvehicles,i,y is the number of vehicles for transport with similar loading capacity  


DTi,y is the average additional distance travelled by vehicle type i compared to baseline in year y 
(km) 


VFcons  is the vehicle fuel consumption in litres per kilometre for vehicle type i (l/km) 


NCVfuel  is the Calorific value of the fuel (MJ/Kg or other unit) 


Dfuel  is the fuel density (kg/l), if necessary 


EFfuel  is the Emission factor of the fuel (tCO2/MJ) 


For transport of compost to the users, the same formula applies. 


Emissions from residual waste from anaerobic digester, gasifier, and processing/combustion of 
RDF/stabilized biomass (Lr,y) 


For the residual waste from the anaerobic digestion, the gasification processes , and the 
processing/combustion of RDF/stabilized biomass the weight (Aci,x) of each of the waste types i in year x 
should be estimated.  Leakage emissions from this residual waste should be estimated using the determined 
weights as follows: 


In case the residual waste is aerobically treated through composting, emissions shall be estimated as 
follows: 


• N2O emissions shall be estimated using Equation 5 replacing Mcompost,y by the sum of the weights of 
different waste types (Aci,x). 


• CH4 emissions shall be estimated using the “Tool to determine methane emissions avoided from 
dumping waste at a solid waste disposal site”.  The value of  variable Wj,x is Aci,x .  The result should be 
multiplied by SLE factor.  SLE is estimated as follows: 


SLE = SOD,LE / SLE,total (28) 


Where: 


SOD,LE  is the number of samples per year with an oxygen deficiency (i.e. oxygen content 
below 10%) 
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SLE,total is the total number of samples taken per year, where Stotal should be chosen in a manner that 
ensures the estimation of Sa with 20% uncertainty at a 95% confidence level.  


Aci,x weight of each of the waste types i in year x. 


In case the residual waste is delivered to a landfill, CH4 emissions are estimated through equation 18 using 
estimated weights of each waste type (Aci,x). 


Off-site Emissions from end use of the stabilized biomass (Ls,y) 


Project proponents have to demonstrate that there is no emission associated to non-combustion end-use of 
stabilized biomass (SB) and that the SB is indeed stabilized.  If SB is used as raw material in furniture, 
fertilizers or ceramic industry, no leakage other than transportation change is expected.  Unless the project 
proponent can prove that SB for furniture industry will not be combusted in the end of its life cycle, to be 
conservative, the emissions will be considered using the same rationale as per equations (12) and (13) or 
(14). 


For amount of RDF/stabilized biomass used off-site for which no sale invoices can be provided, and in 
cases where the project proponents cannot provide analysis of the capacity of RDF/stabilized biomass for 
moisture absorption, leakage emissions should be accounted for as follows: 


Quantities of different types of waste input (Aj,x) to the RDF/biomass processing should be adjusted by an 
annual adjustment factor SAy as follows: 


As,j,x = SAy * Aj,x  (29) 
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Where: 


SAy is an adjustment factor for a specific year. 


Rn is the weight of RDF/stabilized biomass sold offsite for which no sale invoices can be 
provided (t/yr) 


Rt is the total weight of RDF/stabilized biomass produced (t/yr) 


Annual leakage methane emissions (Ls,y) is calculated as per the latest version of the approved “Tool to 
determine methane emissions avoided from dumping waste at a solid waste disposal site”, considering the 
following additional equation and using the adjusted weights (As,j,x) of waste input to the RDF/stabilized 
biomass processing facility for variable Wj,x: 


Ls,y = BECH4,SWDS,y (31) 


Where: 


BECH4,SWDS,y is the methane generation from the landfill in the absence of the project activity, calculated 
as per the “Tool to determine methane emissions avoided from dumping waste at a solid 
waste disposal site”. 
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Emission Reductions 


To calculate the emission reductions the project participant shall apply the following equation: 


ERy = BEy – PEy – Ly (32) 


Where: 


ERy  is the emissions reductions in year y (t CO2e) 


BEy  is the emissions in the baseline scenario in year y (t CO2e) 


PEy is the emissions in the project scenario in year y (t CO2e) 


Ly is the leakage in year y (t CO2e) 


If the sum of PEy and Ly is smaller than 1% of BEy in the first full operation year of a crediting period, the 
project participants may assume a fixed percentage of 1% for PEy and Ly combined for the remaining years 
of the crediting period. 


Changes required for methodology implementation in 2nd and 3rd crediting periods 


No changes in the procedure are expected.  If there have been changes in the regulations with respect to 
waste disposal or industries practices, the adjustment factor AF in the baseline emissions (used in equation 
16 above) shall be re-estimated.  Note, that adjustment will be needed at the time of renewal of the 
crediting period.   


Data and parameters not monitored 
Data / parameter: EFc,N2O 
Data unit: tN2O/tonnes of compost 
Description: Emission factor for N2O emissions from the composting process. 
Source of data: Research literature 
Measurement 
procedures (if any): 


Ex-ante 


Any comment: Default value of 0.043kg-N2O/t-compost, after Schenk et al, 1997.  The value itself is 
highly variable, but reference data shall be used. 


 
Data/Parameter: Bo 


Data unit: tCH4/tCOD 
Description: Maximum methane producing capacity 
Source of data: The source of data should be the following, in order of preference: project specific 


data, country specific data or IPCC default values.  As per guidance from the Board, 
IPCC default values should be used only when country or project specific data are 
not available or difficult to obtain. 


Measurement 
procedures (if any): 


 


Any comment: A default value of 0.265 tCH4/tCOD may be used. 
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Data/Parameter: MCFp 


Data unit: % 
Description: Methane conversion factor (fraction) 
Source of data: The source of data should be the following, in order of preference: project specific 


data, country specific data or IPCC default values.  As per guidance from the Board, 
IPCC default values should be used only when country or project specific data are 
not available or difficult to obtain. 


Measurement 
procedures (if any): 


 


Any comment: Preferably local specific value should be used.  In absence of local values, MCFp 
default values can be obtained from table 6.3, chapter 6, volume 4 from IPCC 2006 
guidelines.  


 
Data/Parameter: εboiler 


Data unit: % 
Description: Energy Efficiency of boilers used for generating thermal energy in the absence of the 


project activity.  
Source of data: Reference data or country specific data 
Measurement 
procedures (if any): 


To estimate boiler efficiency, project participants may choose between the following 
two options: 
Option A 


Use the highest value among the following three values as a conservative approach: 


1.  Measured efficiency prior to project implementation; 


2.  Measured efficiency during monitoring; 


3.  Manufacturer’s information on the boiler efficiency. 
Option B 
Assume a boiler efficiency of 100% based on the net calorific values as a 
conservative approach. 


Any comment: Measured or estimated conservatively (e.g. using manufacturers’ information on 
maximum efficiency).  Applicable if baseline for exported energy is scenario 1. 
 


 
Data/Parameter: εgen,b 


Data unit: % 
Description: Energy Efficiency of power plant that would have generated electricity,  in absence 


of the project activity.  
Source of data: Reference data or country specific data 
Measurement 
procedures (if any): 


To estimate electricity generation efficiency, project participants may use the highest 
value among the following three values as a conservative approach: 


1.  Measured efficiency prior to project implementation 


2.  Measured efficiency during monitoring 
        3.  Data from manufacturer for efficiency at full load 
         4.  Default efficiency of 60% 
 


Any comment: Applicable if baseline for exported energy is scenario 1. 







UNFCCC/CCNUCC  
 
CDM – Executive Board  AM0025 / Version 07 
  Sectoral Scope 01 & 13 
  EB 31 
 


 27 


 
Data/Parameter: ηCogen 


Data unit: % 
Description: Efficiency of cogeneration plant that would have been used, in absence of the project 


activity.  
Source of data: Manufacturer’s data or  information from similar plant operators 
Measurement 
procedures (if any): Efficiency of the cogeneration plant, (ηCogen) shall be one of the following:  


1.  Highest of the measured efficiencies of similar plants; 


2.  Highest of the efficiency values provided by two or more manufacturers for 
similar plants; or 


3.  Maximum efficiency of 90%, based on net calorific values. 
 


Any comment: Applicable if baseline for energy generation is Scenario 2.   
 
Data/Parameter: EFfuel,b 


Data unit: tCO2/MJ 
Description: Emission factor of baseline fossil fuel used in the boiler, as identified in the baseline 


scenario identification  
Source of data: The source of data should be the following, in order of preference: project specific 


data, country specific data or IPCC default values.  As per guidance from the Board, 
IPCC default values should be used only when country or project specific data are 
not available or difficult to obtain. 


Measurement 
procedures (if any):  


 
Any comment:  
 
Data/Parameter: EFfuel,c 


Data unit: tCO2/MJ 
Description: Emission factor of baseline fossil fuel used in the cogeneration plant, as identified in 


the baseline scenario identification  
Source of data: The source of data should be the following, in order of preference: project specific 


data, country specific data or IPCC default values.  As per guidance from the Board, 
IPCC default values should be used only when country or project specific data are 
not available or difficult to obtain. 


Measurement 
procedures (if any):  


 
Any comment:  
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III.  MONITORING METHODOLOGY 


Data and parameters monitored 


Data / parameter: EGPJ,FF,y 
Data unit: MWh 
Description: Amount of electricity generated in an on-site fossil fuel fired power plant or 


consumed from the grid as a result of the project activity 
Source of data: Electricity meter 
Measurement 
procedures (if any): 


 


Monitoring frequency: Continuous 
QA/QC procedures: Electricity meter will be subject to regular (in accordance with stipulation of the 


meter supplier) maintenance and testing to ensure accuracy.  The readings will be 
double checked by the electricity distribution company. 


Any comment:  
 
Data / parameter: CEFelec 
Data unit: tCO2/MWh 
Description: Emission factor for the production of electricity in the project activity. 
Source of data: Official utility documents. 
Measurement 
procedures (if any): 


Calculated according to ACM0002, or as diesel default factor according to AMS 
I.D, Table I.D.1, or according to data from captive power plant, if any. 


Monitoring frequency: Annually or ex-ante. 
QA/QC procedures: Calculated as per appropriate methodology at start of crediting period. 
Any comment:  
 
Data / parameter: Fcons,y 
Data unit: mass or volume units of fuel 
Description: Fuel consumption on-site during year 'y' of the crediting period. 
Source of data: Purchase invoices and/or metering. 
Measurement 
procedures (if any): 


 


Monitoring frequency: Annually. 
QA/QC procedures: The amount of fuel will be derived from the paid fuel invoices (administrative 


obligation). 
Any comment:  







UNFCCC/CCNUCC  
 
CDM – Executive Board  AM0025 / Version 07 
  Sectoral Scope 01 & 13 
  EB 31 
 


 29 


Data / parameter: NCVfuel 
Data unit: MJ/mass or volume units of fuel 
Description: Net calorific value of fuel 
Source of data: The source of data should be the following, in order of preference: project 


specific data, country specific data or IPCC default values.  As per guidance from 
the Board, IPCC default values should be used only when country or project 
specific data are not available or difficult to obtain. 


Measurement 
procedures (if any): 


 


Monitoring frequency: Annually or ex-ante 
QA/QC procedures:  
Any comment:  
 
Data / parameter: EFfuel 
Data unit: tCO2/MJ 
Description: Emission factor of the fuel. 
Source of data: The source of data should be the following, in order of preference: project 


specific data, country specific data or IPCC default values.  As per guidance from 
the Board, IPCC default values should be used only when country or project 
specific data are not available or difficult to obtain. 


Measurement 
procedures (if any): 


 


Monitoring frequency: Annually or ex-ante. 
QA/QC procedures:  
Any comment:  
 
Data / parameter: Mcompost,y 
Data unit: tonnes 
Description: Total quantity of compost produced in year ‘y’. 
Source of data: Plant records. 
Measurement 
procedures (if any): 


 


Monitoring frequency: Annually 
QA/QC procedures: Weighed on calibrated scale; also cross check with sales of compost. 
Any comment: The produced compost will be trucked off from site.  All trucks leaving site will 


be weighed.  Possible temporary storage of compost will be weighed as well or 
not taken into account for calculated carbon credits. 
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Data / parameter: Pl 
Data unit: fraction 
Description: Leakage of methane emissions from anaerobic digester 
Source of data: IPCC or project participant 
Measurement 
procedures (if any): 


 


Monitoring frequency: Annually or Ex ante 
QA/QC procedures: The value itself is highly variable, but reference data shall be used, as well as 


measurement by project participants. 
Any comment:  
 
Data / parameter: Ma,y 
Data unit: tCO2/year 
Description: Total methane produced from anaerobic digester 
Source of data: Project participants 
Measurement 
procedures (if any): 


 


Monitoring frequency: Continuous 
QA/QC procedures: Data can be checked from usage records. 
Any comment: This quantity is necessary to calculate the leakage of methane from the digester 


which has a default leakage of 15%. 
 
Data / parameter: SGa,y 
Data unit: m3/yr 
Description: Stack gas volume flow rate. 
Source of data: Project participants 
Measurement 
procedures (if any): 


 


Monitoring frequency: Continuous or periodic (at least quarterly) 
QA/QC procedures: Maintenance and calibration of equipment will be carried out according to 


internationally recognised procedures.  Where laboratory work is outsourced, one 
which follows rigorous standards shall be selected. 


Any comment: The stack gas flow rate is either directly measured or calculated from other 
variables where direct monitoring is not feasible.  Where there are multiple stacks 
of the same type, it is sufficient to monitor one stack of each type.  The stack gas 
volume flow rate may be estimated by summing the inlet biogas and air flow 
rates and adjusting for stack temperature.  Air inlet flow rate should be estimated 
by direct measurement using a flow meter. 
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Data / parameter: MCN2O,a,y 
Data unit: tN2O/m3 
Description: Concentration of N2O in stack gas. 
Source of data: Project Participants 
Measurement 
procedures (if any): 


 


Monitoring frequency: At least quarterly 
QA/QC procedures: Maintenance and calibration of equipment will be carried out according to 


internationally recognised procedures.  Where laboratory work is outsourced, one 
which follows rigorous standards shall be selected. 


Any comment: More frequent sampling is encouraged. 
 
Data / parameter: MCCH4,a,y 
Data unit: tCH4/m3 
Description: Concentration of CH4 in stack gas. 
Source of data: Project Participants 
Measurement 
procedures (if any): 


 


Monitoring frequency: At least quarterly 
QA/QC procedures: Maintenance and calibration of equipment will be carried out according to 


internationally recognised procedures.  Where laboratory work is outsourced, one 
which follows rigorous standards shall be selected. 


Any comment: More frequent sampling is encouraged. 
 
Data / parameter: Ai 
Data unit: tonnes/yr 
Description: Amount of waste type 'i' fed into the gasifier or RDF/stabilized biomass 


combustor or into the waste incineration plant. 
Source of data: Project participants 
Measurement 
procedures (if any): 


Measured with calibrated scales/load cells. 


Monitoring frequency: Annually 
QA/QC procedures:  
Any comment:  
 
Data / parameter: CCWi 
Data unit: Fraction 
Description: Fraction of carbon content in waste type ‘i’ 
Source of data: IPCC or other reference data 
Measurement 
procedures (if any): 


 


Monitoring frequency: Annually 
QA/QC procedures:  
Any comment:  
 
Data / parameter: FCFi 
Data unit: fraction 
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Description: Faction of fossil carbon in waste type i 
Source of data: Project participants 
Measurement 
procedures (if any): 


To be determined through sampling where the samples shall be chosen in a 
manner that ensures estimation with 20% uncertainty at 95% confidence level. 


Monitoring frequency: Annually 
QA/QC procedures:  
Any comment:  
 
Data / parameter: EFi 
Data unit: fraction 
Description: Combustion efficiency for waste type ‘i’. 
Source of data: The source of data should be the following, in order of preference: project 


specific data, country specific data or IPCC default values.  As per guidance from 
the Board, IPCC default values should be used only when country or project 
specific data are not available or difficult to obtain. 


Measurement 
procedures (if any): 


 


Monitoring frequency: Annually 
QA/QC procedures:  
Any comment:  
 
Data / parameter: SGg/r/i,y 
Data unit: m3/yr 
Description: Total volume of stack gas from gasification, waste incineration or RDF/stabilized 


biomass combustion in year ‘y’. 
Source of data: Project site 
Measurement 
procedures (if any): 


 


Monitoring frequency: Continuous or periodic (at least quarterly) 
QA/QC procedures:  
Any comment: The stack gas flow rate is either directly measured or calculated from other 


variables where direct monitoring is not feasible.  Where there are multiple stacks 
of the same type, it is sufficient to monitor one stack of each type.  The stack gas 
volume flow rate may be estimated by summing the inlet biogas and air flow 
rates and adjusting for stack temperature.  Air inlet flow rate should be estimated 
by direct measurement using a flow meter. 


 
Data / parameter: MCN2O,g/r/i,y 
Data unit: tN2O/m3 
Description: Monitored content of nitrous oxide in the stack gas from gasification, waste 


incineration or RDF combustion in year ‘y’. 
Source of data: Project site 
Measurement 
procedures (if any): 


 


Monitoring frequency: At least quarterly 
QA/QC procedures:  
Any comment: More frequent sampling is encouraged. 
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Data / parameter: MCCH4,g/r/i,y 
Data unit: tCH4/m3 
Description: Monitored content of methane in the stack gas from gasification, waste 


incineration or RDF/stabilized combustion in year ‘y’. 
Source of data: Project site 
Measurement 
procedures (if any): 


 


Monitoring frequency: At least quarterly 
QA/QC procedures:  
Any comment: More frequent sampling is encouraged. 
 
Data / parameter: MBy 
Data unit: tCH4 
Description: Methane produced in the landfill in the absence of the project activity in year ‘y’. 
Source of data: Calculated as per the “Tool to determine methane emissions avoided from 


dumping waste at a solid waste disposal site”. 
Measurement 
procedures (if any): 


As per the “Tool to determine methane emissions avoided from dumping waste at 
a solid waste disposal site”. 


Monitoring frequency: As per the “Tool to determine methane emissions avoided from dumping waste at 
a solid waste disposal site”. 


QA/QC procedures: As per the “Tool to determine methane emissions avoided from dumping waste at 
a solid waste disposal site”. 


Any comment: - 
 
Data / parameter: AF 
Data unit: % 
Description: Methane destroyed due to regulatory or other requirements. 
Source of data: Local and/or national authorities 
Measurement 
procedures (if any): 


 


Monitoring frequency: At renewal of crediting period  
QA/QC procedures: Data are derived from or based upon local or national guidelines, so QA/QC-


procedures for these data are not applicable. 
Any comment: Changes in regulatory requirements, relating to the baseline landfill(s) need to be 


monitored in order to update the adjustment factor (AF), or directly MDreg..  This 
is done at the beginning of each crediting period. 
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Data / parameter: EGd,y 
Data unit: MWh 
Description: Amount of electricity generated utilizing the biogas/syngas 


collected/RDF/stabilized biomass/combustion heat from incineration in the 
project activity displacing electricity in the baseline during the year ‘y’. 


Source of data: Electricity meter 
Measurement 
procedures (if any): 


 


Monitoring frequency: Continuous 
QA/QC procedures:  
Any comment:  
 
Data / parameter: CEFd 
Data unit: tCO2/MWh 
Description: Emission factor of displaced electricity by the project activity.  
Source of data: -Captive power plant: estimated as per equation 23. 


- Grid: as per methodology ACM0002 (“Consolidated baseline methodology for 
grid-connected electricity generation from renewable sources”).   If the 
thresholds for small-scale project activities apply, AMS-I.D may be used. 


Measurement 
procedures (if any): 


 


Monitoring frequency: Annually 
QA/QC procedures:  
Any comment:  
 
Data / parameter: RATECompliance


y 
Data unit: Number 
Description: Rate of compliance 
Source of data: Municipal bodies 
Measurement 
procedures (if any): 


The compliance rate is based on the annual reporting of the municipal bodies 
issuing these reports.  The state-level aggregation involves all landfill sites in the 
country.  If the rate exceeds 50%, no CERs can be claimed. 


Monitoring frequency: Annual 
QA/QC procedures:  
Any comment:  
 
Data / parameter: NOvehicles,i,y 
Data unit: Number 
Description: Vehicles per carrying capacity per year 
Source of data: Counting 
Measurement 
procedures (if any): 


Counter should accumulate the number of trucks per carrying capacity 


Monitoring frequency: Annually 
QA/QC procedures: Number of vehicles must match with total amount of sold compost.  Procedures 


will be checked regularly by DOE. 
Any comment:  
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Data / parameter: DTi,y 
Data unit: km 
Description: Average additional distance travelled by vehicle type ‘i’ compared to the baseline 


in year ‘y’. 
Source of data: Expert estimate 
Measurement 
procedures (if any): 


 


Monitoring frequency: Annually 
QA/QC procedures: Assumption to be approved by DOE. 
Any comment:  
 
Data / parameter: VFcons 
Data unit: L/km 
Description: Vehicle fuel consumption in litres per kilometre for vehicle type i 
Source of data: Fuel consumption record 
Measurement 
procedures (if any): 


 


Monitoring frequency: Annually 
QA/QC procedures:  
Any comment:  
 
Data / parameter: Dfuel 
Data unit: kg/L 
Description: Density of fuel 
Source of data: The source of data should be the following, in order of preference: project 


specific data, country specific data or IPCC default values.  As per guidance from 
the  Board, IPCC default values should be used only when country or project 
specific data are not available or difficult to obtain. 


Measurement 
procedures (if any): 


 


Monitoring frequency: Annually or Ex-ante 
QA/QC procedures:  
Any comment: Not necessary if NCVfuel is demonstrated on a per liter basis  
 
Data / parameter: Qbiomass,y 
Data unit: tonne/yr 
Description: Amount of waste gasified, incinerated or RDF/stabilized biomass combusted in 


year y. 
Source of data:  
Measurement 
procedures (if any): 


All produced stabilized biomass will be trucked off from site.  All trucks leaving 
site will be weighed.  Possible temporary storage of stabilized biomass will be 
weighed as well or not taken into account for calculated carbon credits. 


Monitoring frequency:  
QA/QC procedures:  
Any comment:  
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Data / parameter: EFN2O 
Data unit: kgN2O/tonne waste (dry) 
Description: Aggregate N2O emission factor for waste incineration. 
Source of data: As per guidance from the  Board, IPCC default values should be used only when 


country or project specific data are not available or difficult to obtain. 
Measurement 
procedures (if any): 


 


Monitoring frequency:  
QA/QC procedures:  
Any comment:  
 
Data / parameter: EFCH4 
Data unit: KgCH4/tonne waste (dry) 
Description: Aggregate CH4 emission factor for waste incineration. 
Source of data: As per guidance from the  Board, IPCC default values should be used only when 


country or project specific data are not available or difficult to obtain. 
Measurement 
procedures (if any): 


 


Monitoring frequency:  
QA/QC procedures:  
Any comment:  
 
Data / parameter: Sa,y 
Data unit: % 
Description: Share of the waste that degrades under anaerobic conditions in the composting 


plant during year ‘y’. 
Source of data:  
Measurement 
procedures (if any): 


See Stotal,y 


Monitoring frequency: Weekly 
QA/QC procedures: O2-measurement-instrument will be subject to periodic calibration (in accordance 


with stipulation of instrument-supplier).  Measurement itself to be done by using 
a standardised mobile gas detection instrument.  A statistically significant 
sampling procedure will be set up that consists of multiple measurements 
throughout the different stages of the composting process according to a 
predetermined pattern (depths and scatter) on a weekly basis. 


Any comment: Used to determine percentage of compost material that behaves anaerobically. 
 
Data / parameter: SOD,y 
Data unit: Number 
Description: Number of samples with oxygen deficiency (i.e. oxygen content below 10%). 
Source of data: Oxygen measurement  device 
Measurement 
procedures (if any): 


See Stotal,y 


Monitoring frequency: Weekly 
QA/QC procedures: O2-measurement-instrument will be subject to periodic calibration (in accordance 


with stipulation of instrument-supplier).  Measurement itself to be done by using 
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a standardised mobile gas detection instrument.  A statistically significant 
sampling procedure will be set up that consists of multiple measurements 
throughout the different stages of the composting process according to a 
predetermined pattern (depths and scatter) on a weekly basis. 


Any comment: Samples with oxygen content <10%.  Weekly measurements throughout the year 
but accumulated once per year only. 


 
Data / parameter: Stotal,y 
Data unit: Number 
Description: Number of samples 
Source of data: Oxygen measurement device 
Measurement 
procedures (if any): 


Statistically significant 


Monitoring frequency: Weekly 
QA/QC procedures: O2-measurement-instrument will be subject to periodic calibration (in accordance 


with stipulation of instrument-supplier).  Measurement itself to be done by using 
a standardised mobile gas detection instrument.  A statistically significant 
sampling procedure will be set up that consists of multiple measurements 
throughout the different stages of the composting process according to a 
predetermined pattern (depths and scatter) on a weekly basis. 


Any comment: Total number of samples taken per year, where Stotal,y should be chosen in a 
manner that ensures estimation of Sa,y with 20% uncertainty at 95% confidence 
level.  To determine the oxygen content during the process, project participants 
shall measure the oxygen content according to a predetermined sampling scheme 
and frequency.  These measurements should be undertaken for each year of the 
crediting period and recorded each year. 


 
Data / parameter: SLE 
Data unit: % 
Description: Share of samples anaerobic 
Source of data:  
Measurement 
procedures (if any): 


See SLE,total 


Monitoring frequency: Weekly 
QA/QC procedures: O2-measurement-instrument will be subject to periodic calibration (in accordance 


with stipulation of instrument-supplier).  Measurement itself to be done by using 
a standardised mobile gas detection instrument.  A statistically significant 
sampling procedure will be set up that consists of multiple measurements 
throughout the different stages of the composting process according to a 
predetermined pattern (depths and scatter) on a daily basis. 


Any comment: Used to determine percentage of compost material that behaves anaerobically. 







UNFCCC/CCNUCC  
 
CDM – Executive Board  AM0025 / Version 07 
  Sectoral Scope 01 & 13 
  EB 31 
 


 38 


Data / parameter: SOD,LE 
Data unit: Number 
Description: Number of samples with oxygen deficiency 
Source of data: Oxygen measurement  device 
Measurement 
procedures (if any): 


See SLE,total 


Monitoring frequency: Weekly 
QA/QC procedures: O2-measurement-instrument will be subject to periodic calibration (in accordance 


with stipulation of instrument-supplier).  Measurement itself to be done by using 
a standardised mobile gas detection instrument.  A statistically significant 
sampling procedure will be set up that consists of multiple measurements 
throughout the different stages of the composting process according to a 
predetermined pattern (depths and scatter) on a daily basis. 


Any comment: Samples with oxygen content <10%.  Weekly measurements throughout the year 
but accumulated once per year only  


 
Data / parameter: SLE,total 
Data unit: Number 
Description: Number of samples 
Source of data: Oxygen measurement device 
Measurement 
procedures (if any): 


statistically significant 


Monitoring frequency: Weekly 
QA/QC procedures: O2-measurement-instrument will be subject to periodic calibration (in accordance 


with stipulation of instrument-supplier).  Measurement itself to be done by using 
a standardised mobile gas detection instrument.  A statistically significant 
sampling procedure will be set up that consists of multiple measurements 
throughout the different stages of the composting process according to a 
predetermined pattern (depths and scatter) on a daily basis. 


Any comment: Total number of samples taken per year, where SLE,total should be chosen in a 
manner that ensures estimation of SLE with 20% uncertainty at 95% confidence 
level. 


 
Data / parameter: Degradability analysis  
Data unit:  
Description: Project proponent shall provide degradability analysis on an annual basis to 


demonstrate that the methane generation in the life-cycle of the SB is negligible. 
Source of data: Project site 
Measurement 
procedures (if any): 


Measurement of absorption capacity for moisture of SB according to appropriate 
standards. 


Monitoring frequency: Annually 
QA/QC procedures:  
Any comment: If the PPs produce different types of SB, they should provide this analysis for 


each SB type separately. 
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Data / parameter: Amount of RDF/stabilized biomass used outside the project boundary  
Data unit: Tons 
Description: Project Proponents shall monitor the amount of the RDF/stabilized biomass sold 


for use outside of the project boundary.  
Source of data: Project Site  
Measurement 
procedures (if any): 


Sale invoices of the RDF/stabilized biomass should be kept at the project site.  
They should contain Customer contact details, physical location of delivery, type, 
amount (in tons) and purpose of stabilized biomass (use as fuel or as material in 
furniture etc.).  A list of customers and delivered SD amount should be kept at 
the project site. 


Monitoring frequency: Weekly 
QA/QC procedures:  
Any comment:  
 
Data / parameter: Temperature of the thermal treatment process  
Data unit:  
Description: The thermal treatment process (dehydration) occurs under controlled conditions 


(up to 300 degrees Celsius) 
Source of data: Project site 
Measurement 
procedures (if any): 


 


Monitoring frequency:  
QA/QC procedures:  
Any comment:  
 
Data / parameter: Aj,x 
Data unit: tonnes/yr 
Description: Amount of organic waste type j prevented from disposal in the landfill in the year 


x (tonnes/year) 
Source of data: Project participants 
Measurement 
procedures (if any): 


Weighbridge 


Monitoring frequency: Annually 
QA/QC procedures: Weighbridge will be subject to periodic calibration (in accordance with 


stipulation of the weighbridge supplier). 
Any comment:  
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Data / parameter: Aci,x 
Data unit: tonnes/yr 
Description: Amount of residual waste type 'ci' from anaerobic digestion, gasifier or 


processing/combustion of RDF and stabilized biomass. 
Source of data: Project participants 
Measurement 
procedures (if any): 


Weighbridge 


Monitoring frequency: Annually 
QA/QC procedures: Weighbridge will be subject to periodic calibration (in accordance with 


stipulation of the weighbridge supplier). 
Any comment:  
 
Data / parameter: Rn 
Data unit: tonnes/yr 
Description: Weight of RDF/stabilized biomass sold offsite for which no sale invoices can be 


provided 
Source of data: Project participants 
Measurement 
procedures (if any): 


Weighbridge 


Monitoring frequency: Annually 
QA/QC procedures: Weighbridge will be subject to periodic calibration (in accordance with 


stipulation of the weighbridge supplier). 
Any comment:  
 
Data / parameter: Rt 
Data unit: tonnes/yr 
Description: Total weight of RDF/stabilized biomass produced (t/yr) 
Source of data: Project participants 
Measurement 
procedures (if any): 


Weighbridge 


Monitoring frequency: Annually 
QA/QC procedures: Weighbridge will be subject to periodic calibration (in accordance with 


stipulation of the weighbridge supplier). 
Any comment:  
 
Data / Parameter: QCOD,y 
Data unit: m3/yr 
Description: Amount of  wastewaster treated anaerobically or released untreated from the 


project activity in year y  
Source of data: Measured value by flow meter 
Measurement 
procedures (if any): 


- 


Monitoring frequency: Monthly aggregated annually 
QA/QC procedures: The monitoring instruments will be subject to regular maintenance and testing to 


ensure accuracy. 
Any comment: If the wastewater is treated aerobically, emissions are assumed to be zero, and 


hence this parameter does not need to be monitored. 
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Data / Parameter: PCOD,y 
Data unit: tCOD/m3 
Description: Chemical Oxygen Demand (COD) of wastewaster 
Source of data: Measured value by purity meter 
Measurement 
procedures (if any): 


- 


Monitoring frequency: Monthly and averaged annually 
QA/QC procedures: The monitoring instruments will be subject to regular maintenance and testing to 


ensure accuracy. 
Any comment: If the wastewater is treated aerobically, emissions are assumed to be zero, and 


hence this parameter does not need to be monitored. 
 
Data / Parameter: fc/g/d/r/i 
Data unit: % 
Description: fraction of waste diverted, from the landfill to all project activities: 


composting/gasification/anaerobic digestion/RDF/stabilized biomass/ 
incineration 


Source of data: Plant records  
Measurement 
procedures (if any): 


 
 


Monitoring frequency: Monthly 
QA/QC procedures:  
Any comment:  
Data / Parameter: Qy 
Data unit: TJ 
Description: Net quantity of thermal energy supplied by the project activity in year y 
Source of data: Steam meter  
Measurement 
procedures (if any): 


-In case of steam meter:  The enthalpy of steam and feed water will be 
determined at measured temperature and pressure and the enthalpy difference 
will be multiplied with quantity measured by steam meter. 
-In case of hot air: the temperature, pressure and mass flow rate will be 
measured. 
 


Monitoring frequency: Monthly 
QA/QC procedures: In case of monitoring of steam, it will be calibrated for pressure and temperature 


of steam at regular intervals.  The meter shall be subject to regular maintenance 
and testing to ensure accuracy. 


Any comment: The dedicated quantity of thermal energy generated for heat supply or 
cogeneration by the project activity if included. 
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The Path to Climate Sustainability 
A Joint Statement by the Global Roundtable on Climate Change 


ExECuTivE SummAry


Climate change is an urgent problem requiring global action to reduce emissions of carbon dioxide (CO2) 
and other greenhouse gases (GHGs). Energy use is vital for a modern economy. Burning fossil fuels  
produces CO2. Thus, confronting climate change depends, in many ways, on adopting new and sustain-
able energy strategies that can meet growing global energy needs while allowing for the stabilization of 
atmospheric CO2 concentrations at safe levels.


Energy efficiency must play an important role in these strategies, but long-term success will require a 
concerted effort to de-carbonize the global energy system. This means significantly increasing the use of 
non-fossil-fuel energy sources, significantly raising the energy efficiency of fossil-fuel power plants through 
advanced technologies, and developing and deploying technologies that trap and store the CO2  
produced by the fossil fuels that will remain in use. 


Cost-efficient technologies exist today, and others could be developed and deployed, to improve energy 
efficiency and to help reduce emissions of CO2 and other GHGs in major sectors of the global economy. 
Research indicates that heading off the very dangerous risks associated with doubling pre-industrial  
atmospheric concentrations of CO2, while an immense challenge, can be achieved at a reasonable cost. 
Failing to act now would lead to far higher economic and environmental costs and greater risk of irrevers-
ible impacts. To meet this challenge and take advantage of these opportunities: 


The world’s governments should set scientifically informed targets, including an ambitious but 
achievable interim, mid-century target for global CO2 concentrations, for “stabilization of greenhouse 
gas concentrations in the atmosphere at a level that would prevent dangerous anthropogenic 
interference with the climate system,” in accordance with the stated objective of the Framework 
Convention on Climate Change (UNFCCC).


All countries should be party to this accord, which should include specific near- and long-term 
commitments for action in pursuit of the agreed targets. Commitments for actions by individual 
countries should reflect differences in levels of economic development and GHG emission patterns 
and the principles of equity and common but differentiated responsibilities.


Clear, efficient mechanisms should be established to place a market price on carbon emissions  
that is reasonably consistent worldwide and across sectors in order to reward efficiency and  
emission avoidance, encourage innovation, and maintain a level playing field among possible 
technological options.


Government policy initiatives should address energy efficiency and de-carbonization in all sectors, 
allow businesses to choose among a range of options as they strive to minimize GHG emissions and 
costs, encourage the development and rapid deployment of low-emitting and zero-emitting energy 
and transportation technologies, and provide incentives to reduce emissions from deforestation and 
harmful land management practices. 


Governments, the private sector, trade unions, and other sectors of civil society should undertake 
efforts to prepare for and adapt to the impacts of climate change, since climate change will occur 
even in the context of highly effective mitigation efforts.


Signatories to this statement will support scientific processes including the Intergovernmental Panel 
on Climate Change (IPCC); work to increase public awareness of climate change risks and solutions; 
report information on their GHG emissions; engage in GHG emissions mitigation, which can include 
emissions trading schemes; champion demonstration projects; and support public policy efforts to 
mitigate climate change and its impacts.


•


•


•


•


•


•
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The Path to Climate Sustainability 
A Joint Statement by the Global Roundtable on Climate Change 


CLimATE ANd ENErgy 


Climate change is an urgent problem that requires global action to reduce emissions of greenhouse 
gases in a time frame that minimizes the risk of serious human impact on the Earth’s natural systems. 
While undeniably complex, confronting the issue of climate change depends, in many ways, on develop-
ing and deploying low-carbon energy technologies. 


The modern age is powered largely by fossil fuels: coal, oil, and gas. The fossil-fuel era has been a period 
of unprecedented economic advance, with the world’s average life expectancy roughly doubling and its 
per capita income rising roughly ten-fold since the start of the Industrial Revolution. Yet we now under-
stand that fossil fuels—as they are currently used—increase the amount of carbon dioxide (CO2) in the 
atmosphere which, along with the release of other greenhouse gases (GHGs), warms the planet and leads 
to other impacts of global climate change.1 


Human-caused, or anthropogenic, climate change is now underway. If it continues on the current trajec-
tory, it will become increasingly dangerous and costly for current and future generations through myriad 
impacts on the environment and human society and lead to the extinction of many species.2 To avoid 
such risks, termed “dangerous anthropogenic interference with the climate system” in the 1992 UN 
Framework Convention on Climate Change (UNFCCC), which has been ratified by more than 180 coun-
tries, the world must adopt a new and sustainable energy strategy for the 21st century.3


Improving energy efficiency will be an important part of this strategy, especially initially because available 
and cost-effective strategies can be deployed quickly. Energy can be produced and used far more  
economically, contributing the same level of output with a lower input of energy.4 Available options include 
increasing the efficiency of both power plants and the transmission of electricity to end users; expanding 
the use of combined heat and power generation technologies (co-generation); increasing the fuel- 
efficiency of cars, trucks, planes, and ships; and improving and expanding the use of more efficient  
buildings, furnaces, lights, and appliances. Energy efficiency presents win-win scenarios for the economy 
and the environment, helping to moderate both energy demand and GHG emissions and complementing 
other technologies needed to meet rising global energy demands.


Yet improving energy efficiency will not be enough. Because energy use is vital for a modern economy, 
the worldwide demand for energy is bound to increase as economic development continues around the 
world.5 As a result, societies must not only use energy more efficiently, but also must emit much less CO2 
per unit of energy produced. The reduction of CO2 emissions per unit of energy, an essential requirement 
of addressing climate change, is known as de-carbonization.


De-carbonization can be achieved in two ways. The first is to increase the use of non-fossil-fuel-based 
energy sources. Potential options here include wind, solar, geothermal, hydro, tidal, wave, nuclear, waste-
to-energy, and/or biomass.6 The choices among these technologies will depend on costs, safety, public 
acceptance, and other considerations. Effective and relatively cost-efficient technologies exist for some 
of these options today and others could be developed and deployed. Significantly increasing the use of 
such energy sources, both when building new infrastructure and when replacing fossil fuel facilities, is 
essential if we are to meet the climate change challenge while meeting global energy needs.
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The second is to adopt technologies that permit the use of fossil fuels while preventing the build-up of CO2 
in the atmosphere. One of the main options here is carbon capture and sequestration (CCS)—gathering 
and storing the CO2 produced by burning or gasifying fossil fuels. CCS technologies that capture CO2 
emissions at the source (from a power plant, for example) and then sequester them beneath the Earth’s 
surface have been proven technically but need to be demonstrated commercially and at the scale  
required to make a significant impact on efforts to de-carbonize the global energy system.7 


Pursuing CCS should not be seen as an alternative to achieving significantly greater energy efficiency or 
greatly expanding the use of non-fossil-fuel-based energy sources but rather as an additional and  
important component to a comprehensive 21st century energy strategy. For example, realistic analysis 
suggests that, given the global distribution of immense coal reserves, coal is likely to remain an important 
fuel source for electricity production, and perhaps other energy needs, in many countries for an extended 
period.8 CCS represents a potential method for significantly limiting the release of CO2 from the use of 
these coal reserves, as well as the use of other fossil fuel reserves. Other currently available options that 
can reduce, although not eliminate, GHG emissions from coal-fired electric generation include distributed 
generation with co-generation and a variety of advanced coal technologies with improved energy  
efficiency and lower carbon emissions. 


The impacts of climate change are already being observed, and each new power plant or factory  
constructed using standard fossil-fuel technology (especially without provision for CCS) locks in place a 
path of high CO2 emissions during the life of the facility, which can be 50 years or more. Every year that 
passes without significant global efforts to reduce emissions means a higher concentration of atmo-
spheric CO2 and an increased risk that the world will surpass levels of atmospheric CO2 that make  
“dangerous anthropogenic interference” unavoidable.9 


The arithmetic behind the threat is compelling. The atmospheric concentration of CO2 is now more than 
380 parts per million (ppm), about 30 percent higher than it stood in 1900.10 Nearly half of this increase has 
occurred since 1980. The world currently uses around 7 billion tons of carbon-based fuels per year, and 
emits roughly 2 billion tons of CO2 from deforestation and land-use change, and CO2 concentrations are 
now rising by around 2 ppm per year—a rate that is increasing. 


As the CO2 concentration rises, the impacts on the planet also mount. Some leading scientists put the 
threshold for “dangerous anthropogenic interference” as low as 450 ppm because of serious risks of 
major sea level rises, changes in weather patterns, and the extinction of many species.11 Broad scientific 
consensus exists about the risks of reaching 560 ppm, which is sometimes called 2X CO2 because 560 
ppm is twice the pre-industrial concentration of 280 ppm.12 However, even this higher threshold will be 
very hard to avoid unless strong actions are adopted in the near future. A “business-as-usual” path, 
meanwhile, could put the planet well above 750 ppm and perhaps at triple pre-industrial CO2 levels (that 
is, 840 ppm) by the end of the century.13 


The challenge is clear. Society must move reliably and swiftly toward a de-carbonized energy system 
and must do so in a manner that minimizes the transition costs, avoids economic dislocations, and 
does not jeopardize the economic development of poorer countries. Transition strategies should aim 
to reduce and/or compensate adjustment costs on workers affected by the move to de-carbonized 
energy systems.


There will be no single solution—many changes in energy efficiency and energy technology will play a 
role. Moreover, no single economic sector or group of countries can solve the problem alone. De-carbon-
ization of the energy system will require global action in all key sectors of each economy. The changeover 
will require decades to complete, but the climate arithmetic dictates that we start now in order to avoid 
more dangerous risks in the coming decades.
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Why WE CAN SuCCEEd 


The main source for optimism on heading off dangerous anthropogenic climate change is the potential to 
greatly reduce carbon emissions at reasonable adjustment costs to the economy. The world economy 
can achieve much lower carbon emissions per unit of output by achieving lower energy input per unit of 
economic output (energy efficiency) combined with much lower CO2 emissions per unit of energy  
(de-carbonization):


 Lower CO� / Output = Lower Energy / Output x Lower CO� / Energy 
   (efficiency)  (de-carbonization)


The largest carbon-emitting sector is power generation, which the International Energy Agency identifies 
as responsible for more than 40 percent of global, energy-related CO2 emissions, with that share likely to 
rise in the future. Industry accounts for more than 18 percent of energy-related CO2 emissions. Transport 
(cars, trucks, and planes) contributes another 20 percent. The residential and services sector (which  
includes most commercial and residential buildings and agricultural energy inputs) accounts for nearly 13 
percent,14 although it can be considered to account for significantly more when electricity use is included.


Although completing the entire path to climate stability represents a very significant challenge, opportuni-
ties exist in each of these sectors for both increased energy efficiency (reduced energy per unit of output) 
and de-carbonization (lower CO2 emissions per unit of energy). Here are some highlights:


Power generation. Power plants can become more efficient in converting energy into available end-use 
electricity, as can the transmission of that electricity to the end-user.15 Co-generation can be deployed 
more widely for use in district systems, industrial parks, and commercial malls at more than twice the 
energy efficiency as centralized power systems. The power sector can be gradually de-carbonized by 
shifting increasing proportions of electricity production to non-carbon fuels (this includes options such as 
wind, solar, hydropower, geothermal, tidal, nuclear, waste-to-energy, and/or biomass), utilizing lower  
carbon fuels where appropriate, developing and deploying advanced fossil-fuel technologies with high 
energy efficiency and low carbon emissions, and developing and deploying CCS technologies. Improve-
ments in each of these technologies as well as a potential mix of new energy sources (e.g. solar thermal 
power, wave energy, and possibly nuclear fusion) will also play a role in further reductions. Increasing the 
use of low- and zero-CO2-emitting distributed generation could also yield important ancillary benefits, 
particularly but not exclusively in developing countries.16 


industry. Important, large, energy-intensive, high-CO2-emitting business sectors such as cement, steel, 
petrochemicals, and refining have a variety of options to improve energy efficiency and increasingly  
de-carbonize their operations. These include utilizing new production processes, installing highly efficient 
on-site generation technologies, converting to non-fossil-fuel energy sources, developing and deploying 
CCS technologies, and other options. Although global economic activity will likely increase energy  
demand in this sector, energy efficiency measures, co-generation, CCS, and GHG mitigation policies that 
favor low-carbon energy sources mean that the increased output can be combined with lower overall 
carbon emissions.


Transportation. All forms of transport (cars, buses, and trucks in particular, but also trains, planes, and 
ships), can become substantially more efficient (requiring less energy input per mile), in some cases 
through measures such as design and operational improvements, hybrid power systems, and lightweight 
design. Increasing levels of de-carbonization in the transport sector can be pursued by adopting bio- 
fuels, hydrogen, electricity produced by low- or zero-carbon emission technologies, and/or more efficient 
conversion technologies such as fuel cells. Mass-transit, traffic management, and commuting strategies 
can also help to decrease aggregate emissions from transport sector.
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residential and Services. Commercial and residential buildings account for a significant percentage of 
electricity consumption and CO2 emissions.17 Green building can play an important role in efforts to  
increase the efficient use of energy. Greater use of proven, scientifically based methods and standards for 
improved building design, sustainable site development, energy and water efficiency, enhanced  
insulation, materials selection, and indoor environmental quality would yield significant reductions in GHG 
emissions and produce other benefits.18 De-carbonization can be pursued by converting heating and 
cooling systems reliant on fossil fuels to electricity and piped heat produced by low- or zero-carbon  
emission technologies. 


In some cases, energy efficiency and de-carbonization will add little to the overall costs of energy to end 
users in these sectors. Significant, cost-efficient opportunities exist for efficiency gains using existing 
technology and proven practices. New technologies are on the horizon that might also save money and 
reduce GHGs at the same time. Pure win-win possibilities exist, but in some cases these technologies are 
impeded by government policies, lack of consumer information, or regulatory impediments. Such barriers 
to reduced GHG emissions should be removed as soon as possible.19 Developing and deploying new 
technologies can also provide new business and employment opportunities for companies that take the 
initiative. In such efforts, “life-cycle thinking” on product and process design will be relevant.20 


More often, however, the changeover to low-carbon and de-carbonized energy systems will require  
additional investments which will raise the costs to energy end-users. However, the costs of avoiding 
dangerous anthropogenic interference while achieving a more efficient and de-carbonized global 
energy system still appear reasonable, particularly compared to the costs of inaction and the conse-
quential impacts of significant climate change. Again, while the precise figures are uncertain and we 
have not sought agreement on specific quantitative claims, it is reasonable to believe that heading off 
a doubling of CO2 concentrations can be achieved at a cost of about 1 percent of global GDP and 
perhaps less as new technologies become established.21 


Put in different terms, this equals an average cost of about 2 cents per kilowatt-hour and 25 cents 
per gallon of gasoline.22 The cost-per-ton of avoided CO2 emissions can probably be kept to an  
approximate average of $25 to $30.23 The exact cost will of course vary by economic sector and  
region, as well as over time. Many of the least expensive and potentially profitable options will be 
available in the initial phase (e.g. in situations where energy efficiency savings cover investment costs 
or where locally cost-effective energy alternatives are available). Costs will likely increase as the need 
to develop and deploy new technologies and infrastructures increases. Costs will also vary to the 
extent that there is effective use of existing technologies (including timely government action to  
facilitate deployment of existing low- or zero-carbon-intensive technologies), timely government and 
private sector support for research, development, and demonstration of new technologies, and  
public acceptance of those technologies. Nevertheless, and most importantly, if we delay too long  
in beginning the changeover to increasingly de-carbonized energy systems the eventual costs will 
only rise and the impacts of climate change will only become more severe. 
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hOW WE CAN SuCCEEd: TOWArdS A gLOBAL PLAN 


Participants in the Global Roundtable on Climate Change (GROCC) aim to support a greater global con-
sensus on core aspects of a realistic policy on climate change; one that seeks the simultaneous objectives 
of effectively mitigating anthropogenic climate change while also creating the sustainable energy systems 
necessary to achieve long-term economic development and growth for all nations. In that spirit, we put 
forward the following as important principles for creating an effective climate policy. 


The world’s governments should work expeditiously to agree on a target for stabilizing CO2 levels in 
the atmosphere. The target should aim explicitly at “stabilization of greenhouse gas concentrations  
in the atmosphere at a level that would prevent dangerous anthropogenic interference with the climate 
system” in accordance with the stated objective of the Framework Convention on Climate Change 
(UNFCCC).24 Deliberations on this target should be informed by the best and most current scientific 
information available, in particular the comprehensive 2007 Fourth Assessment Report of the 
Intergovernmental Panel on Climate Change (IPCC).25 As part of this agreement, governments should 
agree on an ambitious but achievable interim, mid-century target for global CO2 concentrations  
and on a series of specific measures to ensure that effective and meaningful action is undertaken 
immediately.26 As with all effective policies, targets should be adaptable to new evidence in a 
reasonable and precautionary manner. 


All countries should be party to this accord and it should include specific national and international 
commitments for action in pursuit of the agreed-upon target. Commitments for actions by individual 
countries should reflect differences in levels of economic development and GHG emissions patterns, 
and the principles of equity and common but differentiated responsibilities. The need for all regions of 
the world, including developing countries, to participate reflects the basic arithmetic of carbon 
emissions. The developing countries, as a group, will soon be the largest emitters of GHGs, though 
on a per capita basis the developed regions will still be far larger emitters. There is no prospect for 
stabilization of GHGs unless all countries with major emissions are actively committed to that goal.27 


In accordance with the principles of equity and common but differentiated responsibilities, the global 
agreement should include specific mechanisms for industrialized countries to take leadership roles 
related to emission reductions, such as developing, demonstrating, and deploying low- and zero-
carbon-emission energy technologies and CCS systems and/or providing appropriate assistance to 
developing countries to help them adopt low-carbon energy systems (for example, by creating a new 
sustainable energy fund to support the introduction of low- and zero-carbon-emitting energy 
technologies in low-income countries). Continued and effective support should also be provided to 
the Clean Development Mechanism (CDM) and related initiatives.28 Deeper and wider mutual 
understanding among developed and developing countries should be promoted in order to realize 
these mechanisms. Developed countries should appreciate the special challenges faced by poorer 
countries in combining economic development with GHG mitigation, as well as the historical patterns 
of GHG emissions.29 


Clear and efficient mechanisms are needed to place an appropriate market price on carbon emissions 
at the national and international level.30 The price on carbon emissions should be reasonably 
consistent across sectors and worldwide. Establishing such a market price (via tradable emission 
credits, permits, incentives, taxes, and/or other measures) is needed to reward efficiency and 
emission avoidance, encourage innovation, help induce energy producers and consumers to choose 
low- and zero-carbon emission technologies, create a level playing field across technology options, 
and, thereby, reduce the overall, system-wide cost of de-carbonization.31 The most successful 
policies will give a clear price signal for many years into the future.


Energy efficiency and timely de-carbonization should be pursued in all major economic sectors and 
include sector-appropriate mixtures of performance standards, market mechanisms, and incentives to 
discourage the creation of additional high-carbon emission energy production and encourage low- 
and zero-carbon emission energy technologies. Businesses should be allowed to choose among a 
wide range of options, locally and globally, as they strive to minimize both GHG emissions and costs. 
Subsidies and other policies that encourage the use of high-carbon emission technologies, especially 


•


•


•


•


•
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without provisions for CCS, or that discourage non-carbon, renewable energy sources, should be 
carefully reviewed and generally eliminated. 


Incentive schemes and policy mechanisms should not inadvertently work against early actions by 
companies, for example by inappropriately “raising the bar” on companies that have taken mitigation 
actions ahead of policy changes. Indeed, policy makers should make efforts to encourage rather than 
discourage such early actions.


Carbon emissions from deforestation, which represent a significant portion of total global emissions, 
should be addressed. Incentives to protect forests should be included in relevant international and 
national policy mechanisms. These efforts should include providing appropriate financial incentives and 
emissions credits to developing countries that reduce CO2 emissions by protecting tropical forests.32 


Land management patterns can have an important impact on net emissions of CO2, methane, and 
nitrous oxide. Public policies should provide incentives to implement land management practices that 
reduce net greenhouse gas emissions or augment the carbon content of soils.


Governments should support, through direct funding or incentives for the private sector, major 
increases in research, development, and deployment (RD&D) of advanced non-carbon-emitting 
energy technologies. Targets for increased RD&D could include (but are not limited to): solar photo-
voltaic, solar thermal power, geo-thermal, tidal, wave, and/or nuclear energy (including safety, waste 
storage, and proliferation issues); CCS; improved land management; and sustainable transportation 
(e.g. bio-fuels, hybrid technologies, fuel-cell technology, and/or lightweight design).33 Special 
demonstration programs and other kinds of public policies (e.g. supportive regulations) should be 
adopted to enable promising new technologies and practices to reach the market expeditiously.  
Such programs will be of special importance in the rapidly industrializing developing countries.34 


Green building standards and incentives should be expanded and efforts to reduce energy use 
through green building initiatives should be supported at the public and private level. Efforts to reduce 
global emissions of methane from landfills should be expanded, including increased use of waste-to-
energy facilities where appropriate and cost-effective. Policies that encourage or include provisions 
for GHG offsets (projects funded by industries, businesses, institutions, or individuals in order to 
compensate for their GHG emissions in other areas), should ensure that all GHG offsets are real, 
verifiable, additional, and quantifiable.


Public-private councils should be formed in key sectors (for example, electricity production, cement, 
steel, petrochemicals, commercial building, and others) to assist the formulation, promotion, and 
adoption of standards for safety, efficiency, and consumer acceptability of key sustainable energy 
technologies. Such councils should include key stakeholders, such as policy makers, business 
leaders, trade unions, consumer groups, and civil society.35 


Efforts should be undertaken to prepare for and adapt to the impacts of climate change. Many of 
these impacts will fall most heavily on the poorest and most vulnerable communities and in developing 
countries with the least ability to adapt. Technical and financial assistance will be needed by 
particularly vulnerable, low-income, developing countries to meet their mounting adaptation needs. 
Mitigation and adaptation efforts need to be part of a coherent dual strategy. Effective climate 
adaptation will require stronger efforts within international climate agreements as well among develop-
ment agencies, the private sector, and non-governmental organizations.


•


•
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Our CLimATE rESPONSiBiLiTy


Each company and institution, as well as each government, has the opportunity and responsibility  
to address climate change. This responsibility can be fulfilled in a variety of ways, which will differ  
depending on the nature of the business or organization. In this spirit, and in recognition of the impor-
tance and immediacy of this issue, we commit ourselves to pursuing the following measures and invite 
others to do likewise: 


Publicly supporting the global scientific processes that underpin international decision making with 
regard to climate change, including the IPCC. 


Advocating responsible climate and energy policies, including globally agreed-upon targets for 
stabilizing GHG levels in the atmosphere; policies designed to achieve these targets; increased 
research, development, and deployment of new technologies; and enactment of supportive market 
mechanisms and other policies. 


Helping to communicate information on climate change solutions, including energy efficiency,  
life-cycle thinking, and other options, to customers, suppliers, employees, and the public.


Monitoring and reporting information on our annual emissions of greenhouse gases.


Adopting clear goals and policies on our GHG emissions and engaging in appropriate GHG emissions 
mitigation efforts and programs, which could include participation in emissions trading schemes, 
offsets, CDM, or other mechanisms.


Incorporating climate change and GHG emissions into relevant business management decision 
making, and communicating such actions to key stakeholders, such as investors, employees, 
suppliers, and customers. 


Examining the potential for advanced commercial and residential building designs and new energy 
technologies that result in lower GHG emissions when constructing new facilities or retrofitting 
existing facilities.


Providing leadership in industry associations, trade unions, and other organizations appropriate to our 
company or institution to promote the adoption of climate change standards in each sector.


Supporting demonstration projects and other activities that test, scale, or promote technologies, 
policies, or other programs that seek to mitigate climate change and its impacts.36 


•
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AFFirmATiON


This statement seeks to help build consensus on the urgency 
and interconnected importance of adopting realistic gov-
ernment and corporate policies to address climate change 
and to build sustainable energy systems. It is neither a  
contract nor a formal policy proposal, but rather a brief, 
plain-language contribution to what we believe needs to be 
a serious global conversation and commitment for action. 
In this spirit, we endorse this statement and welcome others 
to join us.*


Companies and Institutions37


ABB


Air France


Alcan


Alcoa


Allianz


American Association of Blacks in Energy


American Council for an Energy Efficient Economy


American Electric Power


Aristeia Capital


BASF


Bayer


Calvert Group


Canadian Electricity Association 


Center for Research on Environmental Decisions


Center for the Study of Science and Religion


Centrica


Ceres


China Renewable Energy Industry Association


Citigroup


Climate Group


Climate Institute


Climate Trust


Community Research and Development Centre, Nigeria


Covanta Holding Corporation


Doosan Babcock Energy Limited
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DuPont


Earth Institute at Columbia University


EcoSecurities


Electricité de France, North America


Electricity Generating Authority of Thailand


ENDA Energy 


Endesa


Energetech Australia Pty Ltd


Energy East Corporation


Energy Holding Romania


Eni 


Environmental Defense


Eskom


ETG International


Exelon Corporation


F&C Asset Management


FPL Group


General Electric
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*  Titles and affiliations for individuals are listed for identification purposes only. Affirmation is not considered legally binding to a particular policy position or course of action but an  
indication of support for the general consensus expressed in the document.
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NOTES ANd rEFErENCES


Although not a technical document, we have chosen to pro-
vide references or additional details for particular statements 
contained in this document in order to demonstrate their 
mainstream status among experts in relevant fields.


1.  Broad scientific consensus exists concerning the fact that human activities, 
particularly loading the atmosphere with carbon dioxide (CO2) from the burn-
ing of fossil fuels and deforestation, as well as emissions of other greenhouse 
gases (GHGs), such as methane and nitrous oxide, are ultimately responsible 
for much of the increase in global temperatures observed over the last cen-
tury as well as the associated and increasingly visible and troubling impacts 
of climate change. The 2007 Fourth Assessment Report by the Intergovern-
mental Panel on Climate Change (IPCC) provides the most authoritative re-
view of this issue. See Alley, R. et al. IPCC. 2007. Climate Change 2007: The 
Physical Science Basis, Summary for Policymakers - Contribution of Working 
Group I to the Fourth Assessment Report of the IPCC. This report and the 
other IPCC documents referenced in this section are available through the 
IPCC website at www.ipcc.ch.


Existing public expression of this consensus includes statements by the na-
tional science academies of Australia, Belgium, Brazil, Canada, China, 
France, Germany, India, Indonesia, Ireland, Italy, Japan, Malaysia, Nether-
lands, New Zealand, Russia, Sweden, Turkey, the United Kingdom, and the 
United States (U.S.), reports by the IPCC, the Arctic Climate Impact Assess-
ment, the International Climate Change Taskforce (ICCT), as well as state-
ments and findings by other international, national, and regional scientific and 
political bodies. 


For examples of the views of the national science academies see: National 
Science Academies of the G8 plus the National Science Academies of Brazil, 
China and India. 2005. Joint Science Academies’ Statement: Global Re-
sponse to Climate Change. Available at http://www.fco.gov.uk/Files/kfile/
PostG8ClimChaAcademies.pdf; National Academy of Sciences (U.S.) Com-
mittee on the Science of Climate Change. 2001. Climate Change Science: An 
Analysis of Some Key Questions. p 1. (Washington, D.C.: National Academy 
Press) Also available at http://newton.nap.edu/html/climatechange/summa-
ry.html; Editorial, signed by 17 national science academies. 2001. “The sci-
ence of climate change.” Science 292 (5520): 1261. 


For reports by the IPCC, see: IPCC. 2007. Climate Change 2007: The Physi-
cal Science Basis, Summary for Policymakers; Watson, R.T. et al. IPCC. 
2001. Climate Change 2001: Synthesis Report, Summary for Policymakers. 
p 5; IPCC. 1995. Second Assessment Report: Climate Change 1995. For the 
Arctic Climate Impact Assessment, which was sponsored by the govern-
ments of Canada, Denmark, Finland, Iceland, Norway, Russia, Sweden, and 
the U.S., see: 2004. Impacts of a Warming Arctic: Arctic Climate Impact As-
sessment. Executive Summary, p 8-9. The report and additional information 
is available at www.acia.uaf.edu. For the International Climate Change Task-
force, see: ICCT. 2005. Meeting the Climate Challenge. Available at http://
snowe.senate.gov/icctreport.pdf.


For statements by other prominent scientific bodies and government groups 
that review scientific reports, see: Development and Environment Ministers of 
OECD Member Countries. 4 April 2006. Declaration on Integrating Climate 
Change Adaptation into Development Cooperation. Preamble and paragraph 
1. (Paris: OECD Headquarters); U.S. Climate Change Science Program, Syn-
thesis and Assessment Product 1.1. 2006. Temperature Trends in the Lower 
Atmosphere: Steps for Understanding and Reconciling Differences; United 
Kingdom, Parliamentary Office of Science and Technology. 2005. Rapid Cli-
mate Change. p 1-4; American Geophysical Union. 2003. “American Geo-
physical Union Position Statement on Human Impacts on Climate.” Reprint-
ed in Eos 84 (51): 574; Showstack, R. 2003. “Climate Change Statements 
Highlight Human Influence.” Eos 84 (51): 574; American Meteorological Soci-
ety. 2003. Bulletin of the American Meteorological Society. Vol. 84: 508. For a 
review of the scientific consensus on climate change as represented in the 
peer-reviewed science literature, see Oreskes, N. 2004. “The Scientific Con-
sensus on Climate Change.” Science 306: 1686. 


A number of business, civil society, and religious groups have also issued 
statements on the serious threat posed by climate change, and the need to 
take action. Representative examples include: Evangelical Climate Initiative. 
2006. Climate Change: An Evangelical Call to Action. Available at http://chris-
tiansandclimate.org/pub/statement-booklet.pdf; World Council of Churches. 
2005. Statement to the high-level segment of the UN Climate Change confer-


ence. See also: A statement from the World Council of Churches (WCC) to 
the High-Level Ministerial Segment of the UN Climate Conference in Nairobi. 
Statements available at http://www.oikoumene.org/en/home.html; United 
States Conference of Bishops. 2001. Global climate change: A plea for dia-
logue, prudence, and the common good. Available at www.usccb.org/sdwp/
international/globalclimate.htm; Corporate Leaders Group on Climate 
Change. 2006 Letter to the Prime Minister. Available at http://www.cpi.cam.
ac.uk/bep/clgcc/letter_2006.htm; Institutional Investors Group on Climate 
Change. 2006. Investor Statement on Climate Change. Available at www.
iigcc.org; Pew Center on Global Climate Change. 2005. International Climate 
Efforts Beyond 2012: Report of the Climate Dialogue at Pocantico. (Washing-
ton, D.C.: Pew Center on Global Climate Change); Clinton Global Initiative. 
2006. Clinton Global Initiative First Year Report. Available at http://www.clin-
tonglobalinitiative.org/pdf/annual_report/CGIReportFeb-01-2006.pdf; World 
Business Council on Sustainable Development. 2004. Facts & trends to 
2050: Energy and climate change. Available at www.wbcsd.org; and the 
ICCT. 2005. Meeting the Climate Challenge. Available at http://snowe.senate.
gov/icctreport.pdf.


Anthropogenic emissions of CO2 – from fossil fuels use, cement production, 
land use change, and forestry – are the most important anthropogenic GHG 
due to the relative size of the emissions (nearly 75% of global GHG emis-
sions) and the expected future growth of these emissions in the absence of 
effective action. Other notable GHGs include methane (CH4, about 4% from 
land-filling of municipal solid wastes and about 11% from other sources) ni-
trous oxide (N2O, about 9%) and a variety of fluorinated gases including 
perfluorocarbons (PFCs), chlorofluorocarbons (CFCs and their related re-
placement halocarbons, HCFCs), hydrofluorocarbons (HFCs), and sulphur 
hexafluoride (SF6). Methane and the other gases have far higher global 
warming potentials (GWPs) than does CO2. GWP is a measure of how much 
a given mass of gas is estimated to contribute to global warming. 


It is well known that, historically, the vast majority of anthropogenic GHG 
emissions have come from the wealthier nations although rapidly industrializing 
developing countries now emit very substantial amounts as well and may 
surpass the emissions of developed countries by 2015. The United States 
emits the most CO2 on an aggregate and per-capita basis. China is expected 
to pass the United States in national CO2 emissions sometime this decade but, 
like developing nations in general, it is well behind in per-capita emissions. 


For detailed information on GHG emissions, compare data and sources in, 
for example: United States Environmental Protection Agency. 2000.  
Global Greenhouse Gas Data available at http://www.epa.gov/climat-
echange/emissions/globalghg.html; United Nations Framework Convention 
on Climate Change. Greenhouse Gas Inventory Data available at http://ghg.
unfccc.int/index.html; World Resources Institute. Earth Trends: Climate and 
Atmosphere Searchable Database available at http://earthtrends.wri.org/
searchable_db/index.php?theme=3; and for a directory to other Earth sci-
ence data and services see: NASA Goddard Space Flight Center. Global 
Change Master Directory: Atmosphere available at http://gcmd.gsfc.nasa.
gov/index.html.


2.  In addition to the sources above, see also, as indicative examples: Schelln-
humber et al. 2006. Avoiding Dangerous Climate Change. (Cambridge: Cam-
bridge University Press); Epstein, P. and E. Mills. 2005. Climate Change Fu-
tures: Health, Ecological and Economic Dimensions. The Center for Health 
and the Global Environment at Harvard Medical School; Patz, J.A., et al. 
2005. “Impact of regional climate change on human health.” Nature 4387066: 
310-317. 


3.  1992 United Nations Framework Convention on Climate Change. Article 2, 
Objective. For the text of the Convention and a list of the 189 countries that 
have ratified it into international law, see the website of the Convention Sec-
retariat at http://unfccc.int/. 


4.  This is widely acknowledged. For a recent analysis, see McKinsey Global 
Institute. 2006. Productivity of growing global energy demand: A microeco-
nomic perspective. p 14-23. (San Francisco: McKinsey and Company).


5.  For discussion of how energy production and demand, the key drivers of CO2 
emissions under current conditions, are expected to continue growing at sig-
nificant rates, see International Energy Agency. 2006. World Energy Outlook 
2006. (Paris: OECD/IEA) and Schmalensee, R., T.M. Stoker, and R.A. Judson. 
1998. “World carbon dioxide emissions: 1950-2050.” The Review of Eco-
nomics and Statistics, 80(1), 15-27.
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6.  This is an indicative list of non-fossil-fuel-based energy sources, as are simi-
lar lists in this document. This statement endorses a significant increase in 
the use of non-fossil-fuel technologies but does not take a position on which 
technologies should or should not be used. 


7.  Although still in the early stages, ongoing work suggests that it might prove 
feasible to extract CO2 directly from the air for sequestration. This would 
make CCS possible wherever conditions are most favorable, where the CCS 
facilities would not pose environmental risks, and where the permitting, con-
struction, and operational costs would be relatively low. For a preliminary 
discussion, see Abanades, et al. IPCC. 2005. IPCC Special Report: Carbon 
Capture and Storage – Summary for Policymakers. p 12-13. (Cambridge: 
Cambridge University Press). 


8.  It is well known that coal is the most abundant fossil fuel, with known global 
reserves that could last for at least another two centuries at current rates of 
production. Coal reserves are also widely distributed, and vary significantly 
from those of oil and gas, with very significant reserves found in the United 
States, Russia, China, India, Australia, Germany, and South Africa. For a con-
cise overview, see Energy Information Agency, United States Department of 
Energy. 2006. The International Energy Outlook 2006 (IEO2006). Available at 
http://www.eia.doe.gov/oiaf/ieo/index.html. See also International Energy 
Agency. 2006. World Energy Outlook 2006. Chapter 5, p 80. (Paris: OECD/
IEA).


9.  As noted, avoiding “dangerous anthropogenic interference” is a stated objec-
tive of the 1992 United Nations Framework Convention on Climate Change. 


10.  See, for example: Watson, R.T. et al. IPCC. 2001. Climate Change 2001: Syn-
thesis Report, Summary for Policymakers. p 5; National Science Academies 
of the G8 plus the National Science Academies of Brazil, China and India. 
2005. Joint Science Academies’ Statement: Global Response to Climate 
Change. Available at http://www.fco.gov.uk/Files/kfile/PostG8ClimChaAcad-
emies.pdf; Keeling, C.D. and T.P. Whorf. 2005. Atmospheric carbon dioxide 
records from sites in the SIO air sampling network. In: U.S. Department of 
Energy. Trends: A compendium of data on global change. (Oak Ridge: U.S. 
Department of Energy).


11.  Representative examples include: Gregory, J.M., P. Huybrechts, and S. Rap-
er. 2004. “Climatology: Threatened loss of the Greenland ice-sheet.” Nature 
428: 616; Hansen, J. 2004. “Defusing the global warming time bomb.” Scien-
tific American 290 (3): 68-77; O’Neill, B.C. and M. Oppenheimer. 2002. “Dan-
gerous Climate Impacts and the Kyoto Protocol.” Science 296: 1972; Parry, 
M., N. Arnell, et al. 2001. “Millions at risk: defining critical climate change 
threats and targets.” Global Environmental Change- Human and Policy Di-
mensions 11 (3): 181-183; Azar, C. and H. Rodhe. 1997. “Targets for stabiliza-
tion of atmospheric CO2.” Science 276: 1818-1819.


12. Many scientists now accept that 2X CO2 will lead to about a 3˚Celsius tem-
perature increase as the best available working estimate. The 2007 IPCC 
Fourth Assessment Report discusses this point. Currently, many experts in-
dicate that the potential for dangerous anthropogenic interference with the 
climate system increases rapidly as warming moves significantly above 
2˚Celsius from pre-industrial levels (see, for example, Watson, R.T. et al. 
IPCC. 2001. Climate Change 2001: Synthesis Report, Summary for Policy-
makers. p 9). Maintaining a low probability of the largest and most destabiliz-
ing disruptions would therefore indicate setting a prudent, science-based 
CO2 stabilization target at levels below those associated with warming great-
er than 2˚Celsius or well below 2X CO2. For similar conclusions or supporting 
analysis, see: ICCT, 2005. Meeting the Climate Challenge. p 3. Stern, N. 
2006. Stern Review: The Economics of Climate Change. Executive Summa-
ry, p xvii. Available at http://www.hm-treasury.gov.uk/media/8AC/F7/Execu-
tive_Summary.pdf; Den Elzen, M.G.J. and M. Meinshausen. 2005. Meeting 
the EU 2˚C climate target: Global and regional emission implications. p 6. 
(Bilthoven, Netherlands: Netherlands Environmental Assessment Agency); 
Meinshausen, M. 2006. What does a 2˚C target mean for greenhouse gas 
concentrations? In: Schellnhumber et al. 2006. Avoiding Dangerous Climate 
Change. (Cambridge: Cambridge University Press). For an accessible expla-
nation of climate sensitivity, the relationship between atmospheric CO2 con-
centrations and global average temperature, see: United Kingdom Met Of-
fice, Exeter. 2005. Stabilizing climate to avoid dangerous climate change: A 
summary of relevant research by the Hadley Center. p 14-15. 


13. See, for example, Stern, N. 2006. Stern Review: The Economics of Climate 
Change. Executive Summary, p iv and xiv. For information on the full range of 
future emission scenarios see: Watson, R.T. et al. 2001. IPCC. Climate 
Change 2001: Synthesis Report, Summary for Policymakers. p 10-11. 
Houghton, J.T. et al. IPCC. 2001. Climate Change 2001: The Scientific Basis, 
Summary for Policymakers. p 14.


14. These global estimates and terms are those used by the International Energy 
Agency. See also International Energy Agency. 2006. World Energy Outlook 
2006. p 80. For the United States, the U.S. Department of Energy estimates 
that in 2004, the electric power sector accounted for 39% of total U.S. ener-
gy-related CO2 emissions, the transportation sector 33%, and the industrial 
sector 29%. U.S. Department of Energy. 2006. Emissions of Greenhouse 
Gases in the United States 2005. Available at http://www.eia.doe.gov/
oiaf/1605/ggrpt/carbon.html. For additional information on the availability of 
emission reductions in these sectors see International Energy Agency. 2006. 
Energy Technology Perspectives 2006. Available at http://www.iea.org/text-
base/nppdf/stud/06/enertech2006.pdf.


15.  For discussion, see: Davidson, O., B. Metz, et al. IPCC. 2001. Climate 
Change 2001: Mitigation- The Contribution of Working Group III to the Third 
Assessment Report of the IPCC. Chapter 3. Available at http://www.grida.
no/climate/ipcc_tar/wg3/089.htm; G. Morgan, J. Apt, et al. Pew Center on 
Global Climate Change. 2005. The US Electric Power Sector and Climate 
Change Mitigation. (Washington D.C.: Pew Center on Global Climate 
Change). 


16.  Such benefits include increasing the market for renewable energy and other 
mitigation technologies and providing power in non-electrified or under-
served rural areas to pump water, increase lighting, enhance schools, and 
power radios, phones, computers, and small businesses. 


17.  For example, U.S. Department of Energy, Office of Energy Efficiency and Re-
newable Energy estimates in its 2006 Buildings Energy Data Book that com-
mercial and residential buildings account for 38% of CO2 emissions, in the 
United States, when the impact from energy consumption is included. The 
U.S. Green Building Council (USGBC), estimates that in the United States, 
buildings account for: 36% of total energy use; 65% of electricity consump-
tion; 30% of greenhouse gas emissions; 30% of raw materials use; 30% of 
waste output (approximately 136 million tons annually); and 12% of potable 
water consumption. This information and links to a large number of detailed 
research reports are available via the USGBC website at www.usgbc.org.


18.  An increasing referenced example of such standards is the “Leadership in 
Energy & Environmental Design” (LEED) Green Building Rating System.


19.  International Energy Agency. 2006. World Energy Outlook 2006. p 43 and 
193-314. 


20.  The relevance of life-cycle thinking in this regard is increasingly recognized. 
Indicative examples from intergovernmental contexts include: Point 11 in the 
in the Malmö Ministerial Declaration agreed by governments during the First 
Global Ministerial Environment Forum in Malmö, Sweden, May 2000 (avail-
able at http://www.unep.org/malmo/malmo_ministerial.htm) and relevant el-
ements of the 10-year program framework of programmes to promote sus-
tainable consumption and production patterns agreed to at 2002 World 
Summit on Sustainable Development, see Report of the World Summit on 
Sustainable Development: Johannesburg, South Africa, 26 August-4 Sep-
tember 2002. Section III: Changing unsustainable patterns of consumption 
and production, point 15(a). Available at http://daccessdds.un.org/doc/UN-
DOC/GEN/N02/636/93/PDF/N0263693.pdf?OpenElement. Additional infor-
mation on life cycle thinking can be found via the United Nations Environment 
Programme’s Production and Consumption Branch: Sustainable Consump-
tion website at http://www.uneptie.org/pc/sustain/lcinitiative/background.
htm. 


21.  Examples of supporting analyses include: Davidson, O., B. Metz, et al. IPCC. 
2001. Climate Change 2001: Mitigation- The Contribution of Working Group 
III to the Third Assessment Report of the IPCC. Chapter 8, p 1; Stern, N. 
2006. Stern Review: The Economics of Climate Change. Executive Summa-
ry, p xii, xiii, and xiv; International Energy Agency. 2006. World Energy Outlook 
2006. p 43 and 193-314. 
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22. As stated in the previous paragraph, please note that these figures, as well as 
those in the next sentence, are offered only as indicative examples of the 
probable reasonableness of costs of addressing climate change, particularly 
in comparison to the probable costs of inaction, not as firm conclusions or 
policy recommendations. For an influential early analysis of such figures, see: 
Rubin, E.S. et al. 1992. “Realistic Mitigation Options for Global Warming.” 
Science. 257: 264. 


23.  For example, see: Stern, N. 2006. Stern Review: The Economics of Climate 
Change. Executive Summary, p xvii; Wiser, R. and M. Bolinger. 2004. An 
Overview of Alternative Fossil Fuel Price and Carbon Regulation Scenarios. 
Lawrence Berkeley National Laboratory. Available at http://eetd.lbl.gov/EA/
EMP; Springer, U. 2003. “The Market for Tradable GHG Permits under the 
Kyoto Protocol: A Survey of Model Studies.” Energy Economics 25: 527-551. 
As noted above, these figures are offered only as indicative examples not as 
firm conclusions or policy recommendations.


24. See Article 2, “Objective”, of the 1992 United Nations Framework Convention 
on Climate Change.


25. The IPCC was established in part to provide authoritative information on cli-
mate change, independent of any one government, to inform policy makers 
devising individual and collective policy. Governments participating in nego-
tiations under the Framework Convention on Climate Change agreed that 
their deliberations on targets and commitments beyond the time-frame of the 
Kyoto Protocol should be informed by the work of the IPCC and other scien-
tific studies of the causes and impacts of climate change and potential miti-
gation and adaptation strategies, including economic and social factors. 


26. Please note that signatories to this statement have not agreed, nor do we 
seek to propose, particular final or interim targets for atmospheric GHG con-
centrations. We do agree that such targets need to be set, that they should 
be based on the best scientific information available, that they should be 
linked to serious, ambitious national and international policies designed to 
achieve them, and that they should be adjusted in a precautionary manner as 
we learn more about both climate change and the costs and benefits of vari-
ous mitigation strategies. 


27. Article 3 of the UNFCCC delineates a series of principles, agreed to by more 
than 180 governments, that underlie the Convention and, by extension, any 
related policy protocol. These include the principles of equity and common 
but differentiated responsibilities, taking into account the respective capa-
bilities of Parties, recognizing the specific needs and special circumstances 
of developing country Parties, noting that developed country Parties should 
take the lead in combating climate change, the right and responsibility of 
Parties to promote sustainable development, and other issues. Realistic po-
litical analysis suggests that these principles must be taken into account 
when considering global policy options or achieving climate stability. At the 
same time, GHG emissions in many rapidly-industrializing developing coun-
tries are increasing rapidly. The developing countries, as a group, will soon be 
the largest emitters of GHGs, though on a per capita basis the developed 
regions will still be far larger emitters and are responsible for the vast majority 
of historical emissions. Thus, realistic analysis of the climate change issue 
suggests that all major emitters of GHG must be part of a global climate 
policy or it will not succeed in stabilizing GHGs. This joint statement acknowl-
edges both the reality of the carbon arithmetic and the principle of common 
but differentiated responsibilities and other principles agreed to under the 
UNFCCC. 


28. CDM is a flexibility mechanism under the Kyoto Protocol which allows indus-
trialized countries with binding greenhouse gas reduction commitments (of-
ten called Annex 1 countries) to invest in GHG emission reduction projects in 
developing countries. Verified reductions from such projects can help an An-
nex 1 country meet its reduction commitments under the Protocol. When 
successful, CDM and similar mechanisms can help lead to more total GHG 
emission reductions at less overall cost while helping to increase the avail-
ability of low- and zero-carbon emission energy systems to developing coun-
tries.


29. See Footnote 1 on the patterns of GHG emissions including historical emis-
sions from today’s developed countries. 


30. For extensive discussion of this point see: Stern, N. 2006. Stern Review: The 
Economics of Climate Change. Executive Summary, p xvii, and Chapters 
14-17.


31. Please note that the statement does not necessarily endorse using any par-
ticular mechanism. Those endorsing this statement agree on the importance 
of establishing a price but hold different views regarding which of these 
mechanisms should be used. 


32. Reducing deforestation also yields important ancillary benefits, including but 
not limited to biodiversity protection.


33. This list is indicative. Inclusion on the list does not imply that all participants 
necessarily support RD&D for each technology or that a given technology is 
not used today or requires RD&D to become more widely used. Absence 
from the list does represent an opinion on the propriety of providing incen-
tives for further improvement, or the potential for expanded deployment, of 
proven technologies such as wind, IGCC, co-generation, waste-to-energy, 
and green-building.


34. An international example of such an effort is the Asia-Pacific Partnership on 
Clean Development and Climate, whose founding partners, the governments 
of Australia, China, India, Japan, Republic of Korea, and the United States, 
have agreed to work together and with private sector partners to accelerate 
the development and deployment of clean energy technologies. Additional 
information is available at http://www.asiapacificpartnership.org/.


35. One example of analogous consultations involving trade unions and business 
experts is the OECD Labour/Management Programme, including the 1 March 
2006 Joint Meeting of Management and Trade Union Experts on Implement-
ing the OECD Environmental Strategy. Available via the OECD website at 
www.oecd.org.


36. Indicative examples of demonstration projects involving Roundtable partici-
pants and that enjoy the general endorsement of the Roundtable will be listed 
at www.earthinstitute.columbia.edu/grocc


37. Those endorsing this statement include participants in the Global Roundtable 
on Climate Change as well as other prominent members of the global com-
munity. For a list of Roundtable participants and other information on the 
Roundtable, see www.earthinstitute.columbia.edu/grocc. This list of en-
dorsements is current as 15 February 2007. Additional endorsements are 
welcome and will be included in updated printings and on the Roundtable 
website. Endorsement of this Statement is not considered legally binding 
with regard to a particular policy position, characterizations of scientific opin-
ion, specific levels of atmospheric concentrations that may result in impacts, 
the level of costs that may be reasonable for particular industries or com-
munities to incur, or specific courses of action that could be pursued; but 
rather an indication of support for the general consensus expressed in this 
document. Participation in the Global Roundtable on Climate Change on its 
own does not imply support for this statement.


38. Titles and affiliations for individuals listed for identification purposes only. As 
noted above, endorsement of this statement is not considered legally binding 
but rather an indication of support for the general consensus expressed in 
this document. Participation in the Global Roundtable on Climate Change on 
its own does not imply support for this statement.
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ABOuT ThE rOuNdTABLE


Recent scientific and technological advances provide the world with increasingly visible and troubling 
evidence that human activity is having a dangerous impact on the Earth’s climate system. Consequently, 
there is an urgent need to better understand the threats posed by human-induced climate change and to 
build a consensus on proactive initiatives that can help society mitigate and adapt to its impacts.


The Global Roundtable on Climate Change assists this effort by bringing together officials and leading 
experts from business, civil society, international organizations, and research institutions for five years of 
meetings and related activities. The Roundtable has five overarching objectives:


To assist development of a global consensus on core scientific, technological, economic, and policy 
issues related to climate change—one that simultaneously considers the need to mitigate the very 
significant risks posed by anthropogenic climate change and the need for economic growth and 
human development around the world.


To identify technological and policy options for mitigating climate change while meeting global  
energy needs. 


To champion demonstration projects that test and scale sustainable energy technologies and other 
activities and policies that address climate change. 


To provide a unique forum for discussion, analysis and exchange of ideas among businesses, 
international institutions, non-governmental organizations, policy makers, and leading academic 
experts, from across economic sectors and all parts of the world.


To catalyze new initiatives and interactions among Roundtable participants to address  
climate change. 


Convened by The Earth Institute at Columbia University, the Roundtable is made possible by a generous 
grant from the Lenfest Foundation, which is dedicated to supporting programs primarily in the areas of 
education, the arts and the environment. Detailed information on the Roundtable can be found at  
http://www.earthinstitute.columbia.edu/grocc/.


The Roundtable meetings, as well as important intersession activities, have included discussions of the 
current scientific understanding of climate change; technological and policy options for mitigating climate 
change while meeting global energy needs; potential areas for demonstration projects; possible roles for 
the business community in discussing and addressing the climate issue; and potential principles that the 
Roundtable might agree upon as important for the development of more effective global action. These 
activities have provided the basis for this document, “The Path to Climate Sustainability: A Joint State-
ment by the Global Roundtable on Climate Change.” 


The Joint Statement has received endorsements from key economic stakeholders and independent  
experts: leading corporations from all economic sectors—with varied interests and operations in all  
regions of the world; smaller firms with very different perspectives and concerns; a diverse array of civil, 
religious, environmental, research and educational institutions; and a distinguished list of some of the 
world’s leading experts in the fields of climate science, engineering, economics and policy studies.  
The ability of so many key stakeholders, with such diverse views, to agree upon the Joint Statement 
demonstrates the possibility of fostering a global consensus on a positive, proactive approach to meeting 
the challenge of global climate change.


•


•


•


•


•







www.earth.columbia.edu/grocc







The Earth Institute at Columbia University is the world’s 
leading academic center for the integrated study of 
Earth, its environment and society. The Earth Institute 
builds upon excellence in the core disciplines—earth 
sciences, biological sciences, engineering sciences, 
social sciences and health sciences—and stresses 
cross-disciplinary approaches to complex problems. 
Through research, training and global partnerships, 
The Earth Institute mobilizes science and technology 
to advance sustainable development, while placing 
special emphasis on the needs of the world’s poor.


www.earth.columbia.edu
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 When local governments evaluate the 
environmental benefits and costs of alternatives for 
managing non-recyclable municipal solid waste, the 
relative costs of modern waste-to-energy (WTE) 
technology can be a significant stumbling block despite 
WTE technology’s environmental benefits. Although 
the preceding point is an important economic reality 
that has constrained WTE development in the United 
States, fortunately there is a highly effective means – 
the use of municipal solid waste “flow control” (or 
“facility designation”) authority – to overcome WTE’s 
perceived cost disadvantage.[1]  The relationship 
between flow control and WTE development, 
including significant encouragement for use of flow 
control as a result of the U.S. Supreme Court’s recent 
decision in United Haulers Association v. Oneida-
Herkimer Solid Waste Management Authority, 127 
S.Ct. 1786 (2007), is the focus of this paper, which will 
address the following topics: 


Policy Basis for Flow Control – Absent government 
intervention, management of municipal solid waste 
will seek the lowest cost (i.e., short-term cost) and 
frequently less environmentally protective alternatives.  
Flow control can counter the tendency to choose 
alternatives with lower short-term costs and at the 
same time facilitate implementation of the 
environmentally-preferable waste management 
alternatives a local government selects, such as WTE 
technology and other aspects of “integrated waste 
management.”[2] 


Flow Control and the Courts – While the authority of 
a given local government to use flow control is 
grounded in state law, flow control also implicates 


matters that arise under federal law, such as Commerce 
Clause issues, given the possibility that solid waste 
regulation in one state can affect commercial interests 
in solid waste management in another state.  Although 
concerns regarding claims of impact on interstate 
commerce prompted a negative Supreme Court 
response to flow control in C&A Carbone, Inc. v. Town 
of Clarkstown, 511 U.S. 383 (1994), the Court’s 
decision 13 years later in the Oneida-Herkimer case 
was in many ways just the opposite. 


WTE’s Correlation with Flow Control and 
Practical Guideposts – WTE development can be 
significantly advanced by the use of flow control.  That 
conclusion is borne out by empirical data.  The 
concluding portion of this paper addresses that topic as 
well as corollary issues, such as public-private 
collaboration for WTE development and other practical 
guideposts for implementing flow control ordinances. 


A. The Economic and Public Policy Bases 
Underlying Flow Control 


 As the Supreme Court emphasized in the Oneida-
Herkimer case, the core responsibilities of local 
government have long been recognized to include solid 
waste management.  Acknowledgement of that local 
government responsibility is codified in the Resource 
Conservation and Recovery Act (RCRA), see 42 
U.S.C. § 6901(a)(4) (“the collection and disposal of 
solid wastes should continue to be primarily the 
function of State, regional, and local agencies”), as 
well as in the laws of essentially every state.  Meeting 
that responsibility is not an easy task, however, and 
managing municipal solid waste in an 
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environmentally-protective and efficient manner is a 
complex responsibility that requires significant state 
and local government resources.  The complexity of 
the task is compounded by the fact that the volume of 
municipal waste generated in the United States has 
increased by more than 50% since 1980, exceeding 
254.1 million tons in 2007, Municipal Solid Waste in 
the United States: 2007 Facts and Figures, U.S. EPA 
(cited below as “2007 Facts and Figures”) (available 
at http://www.epa.gov/osw/nonhaz/municipal/pubs/ 
msw07-rpt.pdf).  The increasing national waste stream 
requires comprehensive planning by local government 
to address the broad range of public health, 
environmental and economic issues involved.  For that 
reason, a principal RCRA objective is detailed state 
and local solid waste management planning, including 
emphasis on assuring capacity adequate to meet the 
affected communities’ “present and reasonably 
anticipated future needs.”  42 U.S.C. § 6941; see also 
id. §§ 6902(a)(1), 6942 and 6943.  Such planning, 
which must consider the broad range of public health, 
environmental and economic issues involved, 
“present[s] . . . communities with serious financial, 
management, intergovernmental, and technical 
problems.”  See 42 U.S.C. § 6901(a)(3). 


 Those factors (e.g., public health, the environment 
and economics) implicate a reality of solid waste 
management which may be referred to as “The Second 
Law of Garbage” – that is, in the absence of 
government intervention, management of municipal 
solid waste will generally default to the lowest cost (in 
terms of short-term costs) and frequently less 
environmentally sound alternatives.  See Facing 
America’s Trash: What Next For Municipal Solid 
Waste? Office of Technology Assessment, 101st 
Cong., at 275 (Oct. 1989); see also Agenda for Action 
at 8 (describing the “First Law of Garbage” as 
“Everybody wants us to pick it up, and nobody wants 
us to put it down”).  Not surprisingly, the 
environmentally advanced infrastructure that is 
necessary to counteract the “Second Law of Garbage” 
– of which WTE is a prime example – is often quite 
expensive and can present significant procurement 
challenges for local government.  This is where flow 
control plays a particularly important role as a 
powerful antidote: by facilitating development of the 
infrastructure selected by the affected community as 
the best means to achieve its waste management goals, 
flow control reverses the dynamic in which short-term, 
less environmentally-sound waste management 


alternatives had been encouraged.  While the 
community’s choices may self-impose more short-term 
expense, the use of flow control is a highly cost 
effective and efficient means for the community to 
counteract the attraction of the lower short-term costs 
of environmentally less preferable alternatives. 


 Although critics of flow control might attempt to 
minimize its policy function as merely a convenient 
financing mechanism, such characterizations are not 
correct.  To the contrary, flow control is integrally 
related to important public policies for protection of 
the environment and public health.  The Supreme 
Court expressly recognized this point in Oneida-
Herkimer.  See 127 S.Ct. at 1798 (“[F]low control 
ordinances are more than financing tools.”); id. at 1796 
(“Here the flow control ordinances enable the Counties 
to pursue particular policies with respect to the 
handling and treatment of waste generated in the 
Counties, while allocating the costs of those policies on 
the citizens and businesses according to the volume of 
waste they generate.”). 


 Similarly, state laws authorizing flow control focus 
on the broader public benefits that flow control can 
facilitate.  For example, in Wisconsin a prerequisite to 
a municipality’s use of flow control is a finding that 
flow control “is in the best public interest,” which in 
turn requires a determination that the use of designated 
waste management facilities will, among other things, 
conserve energy and natural resources, lessen demand 
for solid waste disposal facilities, and ensure that 
alternatives to flow control “have been compiled, 
analyzed and considered.”  Wis. Stat. § 287.13.  Under 
Minnesota’s comparable statute, use of flow control 
requires the affected local government to prepare a 
plan demonstrating that flow control “will better serve 
to protect public health and safety” and is necessary to 
achieve local waste management plans and policies.  
Minn. Stat. § 115A.84, subd. 2.  Similarly, in Maine 
“municipalities are expressly authorized to enact 
ordinances that control solid waste . . . delivery to a 
specific facility, when the purpose and effect of such 
an ordinance is to gain management control over solid 
waste and enable the reclamation of resources, 
including energy, from these wastes.”  Me. Rev. Stat. 
Ann. Title 38, § 1304-B.2.[3] 


 A closely related point is the fact that the waste 
management functions performed by local 
governments which rely on flow control will typically 
comprise, in addition to processing or disposal of non-
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recyclable waste, environmentally-essential services 
such as recycling, household hazardous waste 
programs, yard waste collection, related educational 
programs and comprehensive planning.  As noted 
above, this is referred to as “integrated waste 
management,” which involves the complementary use 
of various waste management practices, including 
reuse of products, recycling of materials, waste-to-
energy combustion and landfilling.  Agenda for Action 
at 16.  Because several of these services “generally do 
not lend themselves to generation of their own 
revenues,” Report to Congress on Flow Controls and 
Municipal Solid Waste, U.S. EPA, EPA 530-R-95-008, 
at ES-11 (Mar. 1995) (cited below as “Report to 
Congress on Flow Control”) (see also id. at III-80), the 
affected local governments charge a “system” fee 
which, although imposed only on disposal of non-
recyclable waste, supports the full array of integrated 
waste management services provided. 


 The collaborative relationship between integrated 
waste management and flow control was addressed in a 
key expert report in the Oneida-Herkimer case: 


[T]hese [integrated waste management] 
programs are supported by the system charge 
on non-recyclable waste and are not structured 
to generate fee revenue, but to encourage 
greater separation and delivery of material[for 
recycling.] . . . [C]harging tipping fees for non-
recyclable waste that support all waste system 
components, and not charging fees for delivery 
of recyclables . . . [or yard waste and 
household hazardous waste collection, 
educational programs, etc.], provides greater 
incentives not only for complying with 
recycling laws, but also for reductions in the 
generation of waste. 


See United Haulers Ass’n, Inc. v. Oneida-Herkimer 
Solid Waste Mgmt. Auth., No. CV-95-0516 
(N.D.N.Y.), Expert Report of Robert N. Stavins, Jan. 
10, 2003, ¶¶42, 49.  Thus, in addition to supporting 
environmentally beneficial programs that cannot 
generate their own revenues, see Report to Congress 
on Flow Control, supra, flow control also provides 
financial incentives for waste reduction and recycling 
that are not possible through other means, such as tax 
subsidies.  The reason for this is because a tax subsidy 
cannot provide the same difference in relative costs 
that results when the price for disposing of waste is 
increased to the level necessary to support all aspects 


of integrated waste management.  Id., ¶60; Oneida-
Herkimer, 127 S.Ct. at 1798 (noting that flow control 
“create[s] enhanced incentives for recycling and proper 
disposal of other kinds of waste.”).  Put another way, 
the incentive for waste reduction which results from a 
system fee that prices waste disposal “above marginal 
cost . . . could not be sustained in a private market in 
the absence of . . . flow control.”  United Haulers 
Ass’n, Inc. v. Oneida-Herkimer Solid Waste Mgmt. 
Auth., No. CV-95-0516 (N.D.N.Y.), Deposition of 
Robert N. Stavins, Feb. 13, 2003, Tr. 197.  Finally, it 
bears emphasis that use of a system fee to support 
integrated waste management programs has a 
particularly strong correlation with WTE facilities.  See 
Report to Congress on Flow Control at III-57 (“[T]he 
financial community has confirmed as common 
practice that tipping fees at many WTE facilities . . . 
recover the costs of other integrated waste management 
activities”). 


B. The Legal Context  Flow Control and the 
Courts 


 Despite its ample policy justification, flow control 
has been the subject of considerable litigation.  
Although the path flow control has followed in the 
courts, particularly the federal courts, has not been 
without its ups and downs, the recent trend has clearly 
been positive.  Although a full discussion would go 
beyond the scope of this paper, several points should 
be addressed here. 


 Background.  To begin, as noted above and as 
recognized in RCRA, most aspects of solid waste 
regulation are matters of state and local government 
responsibility, see 42 U.S.C. § 6901(a)(4), which 
sometimes leads to the question of why there has been 
significant federal court involvement in flow control.  
The answer relates to the Commerce Clause of the U.S. 
Constitution (Article I, § 8, clause 3).  While the 
Commerce Clause is phrased as a grant of power to 
Congress (“Congress shall have Power . . . [t]o regulate 
Commerce . . . among the several States”) without a 
specific reference to any state or local restraint, it has 
long been interpreted as an implicit restraint on state 
and local authority to regulate matters that affect 
interstate commerce.  This implied or unstated aspect 
of the Commerce Clause is at times referred to as the 
“dormant Commerce Clause.”  Although legal 
scholarship is not of one mind on the subject, as a 
practical matter it would seem that Congress’s 
authority over matters of interstate commerce can only 
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be meaningful if there is a complementary limit on the 
scope of state and local authority to regulate 
commerce.  What this means in practice is that where 
the nature of the subject matter requires uniform 
national regulation, it is off limits to state and local 
regulation.  Conversely, where the subject does not 
command uniform national standards, state and local 
regulation is permissible as long as it neither (i) 
discriminates against nor (ii) unduly burdens interstate 
commerce. 


 The question that necessarily follows is how flow 
control relates to these constitutional issues.  The 
answer lies in the fact that flow control, by requiring 
the use of certain designated waste management 
facilities, necessarily restricts the use of other facilities.  
That restriction prompts opponents to argue that flow 
control discriminates against non-designated facilities, 
which in turn constitutes discrimination against 
interstate commerce (assuming that the non-designated 
facilities are located in another state).  Having said 
that, it also bears emphasis that what constitutes 
discrimination is not always easy to determine, and 
results can vary from case to case based on narrow 
factual differences.  This variability has prompted the 
Supreme Court to acknowledge that the purpose of the 
Commerce Clause “has been stated more easily than its 
object has been attained, . . . and the Court’s 
understanding of the dormant Commerce Clause has 
taken some turns.”  Oklahoma Tax Comm’n v. 
Jefferson Lines, Inc., 514 U.S. 175, 180 (1995).   


 The Carbone Case.  With that brief “primer” on 
the dormant Commerce Clause, let’s turn to the 1994 
Carbone decision.  As noted above, Carbone is the 
earlier of two far-reaching Supreme Court decisions in 
flow control cases (the second case, of course, is the 
Court’s decision in the Oneida-Herkimer case in 
2007).  Carbone involved a transfer station that served 
the Town of Clarkstown but was owned and operated 
by a private company, Clarkstown Recycling, Inc.  
Public funds were not used to pay for construction or 
operation of the transfer station.  Instead, to assure 
repayment of Clarkstown Recycling’s investment in 
the facility and related operating expense, the town 
guaranteed delivery of a specified quantity of waste to 
the transfer station for a five-year period; at the 
conclusion of the five-year term the town would have 
the opportunity to purchase the transfer station for a 
nominal amount.  To meet its waste guarantee, the 
town adopted a flow control ordinance requiring 


delivery to the transfer station of all nonhazardous 
solid waste from within the town. 


 A very unusual aspect of the Carbone case was the 
fact that in addition to directing the flow of locally 
generated waste, the flow control ordinance at issue 
attempted to regulate disposal of waste from outside of 
Clarkstown that had simply been processed at a 
transfer station located within the town (such as the 
Carbone transfer station) and which would otherwise 
have been disposed at a distant location far from 
Clarkstown.  The Carbone entities’ objection to the 
extraterritorial aspect of the Clarkstown flow control 
ordinance was understandable – the public policies that 
underlie flow control do not justify a municipality’s 
use of flow control to require local processing or 
disposal of another community’s waste where such 
waste is merely being transported through the 
municipality in route to a disposal site in another 
jurisdiction.  That, however, was the precise effect of 
the flow control ordinance at issue in Carbone.  
Moreover, it was the extraterritorial reach of 
Clarkstown’s flow control ordinance – and not the use 
of flow control with regard to locally-originating waste 
– for which petitioners C. & A. Carbone, et al., sought 
Supreme Court review in the Carbone case.[4]  
Nevertheless, the Supreme Court invalidated 
Clarkstown’s flow control ordinance as it applied to 
both out-of-jurisdiction waste as well as locally 
originating waste.  The Court’s majority opinion 
concluded that the Clarkstown ordinance discriminated 
against interstate commerce in violation of the 
“dormant” Commerce Clause.  In addition, the 
majority opinion suggested that flow control “hoards 
solid waste, and the demand to get rid of it, for the 
benefit of the preferred processing facility.”  511 U.S. 
at 392.  The Court also suggested that Clarkstown had 
nondiscriminatory alternatives available to it, such as 
subsidizing the transfer station through the general tax 
base.  Id. at 393-94.[5] 


 The consequences confronting communities in the 
wake of the Carbone decision included steep declines 
in waste deliveries and resulting bond downgrades, 
termination of recycling and other environmentally-
essential programs, increased upward pressure on 
tipping fees as the unavoidable fixed cost burden of 
waste management infrastructure was shared by fewer 
users, and increased taxes to offset declines in tipping 
fees.  See Hearing on Flow Control Laws and 
Proposals to Regulate the Interstate Transportation of 
Municipal Solid Waste Before the Senate Comm. on 
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Environment and Public Works, 105th Cong. 77-980 
(Mar. 18, 1997) (Testimony of Randy Johnson, Chair, 
Board of County Commissioners Hennepin County, 
Minnesota and President-Elect, National Association 
of Counties).  Carbone also resulted in tax increases at 
the local and state levels; in one state alone, more than 
$200,000,000 of tax revenue was diverted to fund local 
solid waste bond payment obligations that had 
previously been funded by flow control-based user 
fees.  Brief of Amicus Curiae State of New Jersey at 2, 
United Haulers Assoc., et al. v. Oneida-Herkimer Solid 
Waste Mgmt. Auth. (brief filed December 7, 2001), 
Supreme Court of the United States (No. 01-686) 
(“over $200,000,000 has already been expended from 
the [New Jersey] State Treasury to prevent defaults on 
public debt obligations” due to the loss of flow control 
authority”). 


 Enter Oneida-Herkimer  Flow Control 
Reprised.  The Oneida-Herkimer litigation had a long 
history, which began in 1995, not long after the 
Supreme Court decided the Carbone case.  Proceeding 
at an unusually slow pace, the trial court (the United 
States District Court for the Northern District of New 
York) ruled about five years later and enjoined 
enforcement of the Oneida and Herkimer county flow 
control laws.  The flow control laws at issue in Oneida-
Herkimer differed in two significant ways from the 
Carbone case.  First, unlike Carbone, the flow control 
laws of Oneida and Herkimer counties applied only to 
waste generated within the two counties.  In addition, 
in contrast to the flow control law at issue in Carbone, 
which required use of a privately owned and operated 
transfer station, the flow control provisions at issue in 
Oneida-Herkimer required waste haulers to bring 
waste to a publicly owned waste management facility 
(which was privately operated when the Oneida-
Herkimer litigation began and for several years 
thereafter).  The district court attached no significance 
to those factual differences, however, and instead 
interpreted Carbone as categorically rejecting nearly 
all flow control laws.  Oneida and Herkimer counties, 
together with the Oneida-Herkimer Solid Waste 
Management Authority, appealed the district court’s 
decision to the United States Court of Appeals for the 
Second Circuit. 


 In July 2001 the Second Circuit reversed the 
district court.  United Haulers Ass’n v. Oneida-
Herkimer Solid Waste Mgmt. Auth., 261 F.3d 245.  The 
Second Circuit explained that Supreme Court 
precedent in cases where state and local laws are 


challenged under the dormant Commerce Clause as 
discriminating against interstate commerce 
differentiates between laws that favor public, as 
opposed to private, facilities.  Id. at 257 (“A municipal 
flow control law does not discriminate against out-of-
state interests in violation of the Commerce Clause 
when it directs all waste to publicly owned facilities.”).  
The court distinguished the private facility at issue in 
Carbone on that basis, emphasizing that the 
“distinction is determinative.”  Id. at 258.  Although 
the Second Circuit’s 2001 decision resolved the key 
issue of discrimination, a remand to the district court 
was necessary to address the considerably narrower 
issue of whether the Oneida-Herkimer flow control 
ordinances, although they did not discriminate against 
interstate commerce, would nevertheless impose an 
“undue burden” on commerce.[6]  Following a lengthy 
remand to address the undue burden issue, the district 
court ruled in favor of Oneida and Herkimer counties, 
et al.  Another appeal to the Second Circuit followed, 
and in February 2006 the appeals court ruled again for 
Oneida-Herkimer.  438 F.3d 150 (2d Cir. 2006).  The 
waste industry requested Supreme Court review, and in 
September 2006, the Court agreed to hear the case. 


 On April 30, 2007, the Supreme Court decided 
Oneida-Herkimer with a six-justice majority upholding 
the Second Circuit’s judgments in favor of Oneida-
Herkimer.  127 S.Ct. 1786.  The Court ruled that the 
Oneida-Herkimer flow control ordinances neither 
discriminate against nor unduly burden interstate 
commerce.  The Court’s decision validates the 
longstanding role of local government in solid waste 
management and echoes positions long advocated by 
local government in flow control litigation.  An initial 
question addressed by the Court was whether its 
finding of discrimination and rejection of flow control 
in the Carbone case, which involved a privately-owned 
facility, controlled the outcome.  The Court explained 
that the finding of discrimination in Carbone did not 
resolve the issues in Oneida-Herkimer because 
Supreme Court precedent in cases that involve private 
business interests, such as Carbone, does not apply to 
ordinances that favor local government.  Id. at 1793-
95. 


 The Court then turned to the merits of the case, 
ruling that the flow control ordinances at issue do not 
discriminate against interstate commerce.  The Court’s 
principal theme in finding no discrimination was local 
government responsibility for solid waste management.  
As the Court explained, “[w]e should be particularly 
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hesitant to interfere with the Counties’ efforts under 
the guise of the Commerce Clause because waste 
disposal is both typically and traditionally a local 
government function.”  Id. at 1796 (internal citation 
and quotation marks omitted); see also id. at 1795 
(“But States and municipalities are not like private 
businesses  far from it. . . . [U]nlike private enterprise, 
government is vested with the responsibility of 
protecting the health, safety, and welfare of its 
citizens.”).  Another theme underlying the Court’s 
finding of no discrimination was its finding that “[t]he 
most palpable harm imposed by the [flow control] 
ordinances – more expensive trash removal – is likely 
to fall upon the very people who voted for the laws,” 
and “[t]here is no reason [for the courts] to step in and 
hand local businesses a victory they could not obtain 
through the political process.”  Id. at 1797. 


 Ruling that the Oneida and Herkimer county flow 
control laws do not discriminate against interstate 
commerce, the Court turned to the question of “undue 
burden.”  The Court concluded that any arguable 
burden that flow control places on commerce does not 
exceed the public benefits provided.  The Court 
focused on “integrated waste management,” which it 
described as the Counties’ “integrated package of 
waste disposal services,” explaining as follows: 


[T]he ordinances are more than financing 
tools.  They increase recycling in at least two 
ways, conferring significant health and 
environmental benefits upon the citizens of the 
Counties.  First, they create enhanced 
incentives for recycling and proper disposal of 
other kinds of waste.  Solid waste disposal is 
expensive in Oneida-Herkimer, but the 
Counties accept recyclables and many forms of 
hazardous waste for free, effectively 
encouraging their citizens to sort their own 
trash.  Second, by requiring all waste to be 
deposited at Authority facilities, the Counties 
have markedly increased their ability to 
enforce recycling laws.  If the haulers could 
take waste to any disposal site, achieving an 
equal level of enforcement would be much 
more costly, if not impossible.  For these 
reasons, any arguable burden the ordinances 
impose on interstate commerce does not 
exceed their public benefits. 


127 S.Ct. at 1798. 


C. WTE’s Correlation with Flow Control – 
Emerging Issues and Practical Guideposts 


 The important reprise Oneida-Herkimer provides 
for the use of flow control has significant implications 
for development of waste-to-energy facilities.  This is 
borne out by the record. 


 WTE’s Strong Correlation with Flow Control.  
First, it bears emphasis that Oneida-Herkimer sets the 
stage for a significant and beneficial shift in the public 
policy and economic context for solid waste 
management and substantially enhances the ability of 
local governments to implement proactive integrated 
waste management programs of which waste-to-energy 
is a key component.  By removing obstacles to the use 
of flow control, the financial and public policy 
drawbacks, as well as uncertainty and complexity, of 
other alternatives (e.g., tax subsidies – “economic flow 
control”, intrastate-only flow control, etc.) are far less 
relevant.[7]  Moreover, while federal government policy 
continues to evolve, the U.S. Environmental Protection 
Agency (EPA) has long recognized the importance of 
waste combustion with energy recovery as a key 
component in the hierarchy of waste management 
alternatives, see Agenda for Action at 16; 54 Fed. Reg. 
52209, 52245 (December 20, 1989) (“The EPA 
believes it is preferable to burn the combustible 
materials in [a municipal waste combustor] [rather] 
than to landfill them.”), a position that EPA recently 
restated.  See 2007 Facts and Figures at 11 (“EPA’s 
integrated waste management hierarchy includes the 
following four components, listed in order of 
preference: [s]ource reduction . . . [r]ecycling . . . 
[c]ombustion with energy recovery [and] [d]isposal 
through landfilling.”); Agenda for Action at 16 (same). 


 Given that context, the significant role that flow 
control has played in WTE facility development bears 
emphasis.  This point is addressed in EPA’s Report to 
Congress on Flow Control, which shows that 58% of 
WTE throughput was supported by flow control with 
another 31% supported through similar types of 
contractual arrangements.  Report to Congress on Flow 
Control at III-52.  As EPA explains, for the WTE 
market segment, “existing market conditions reflect a 
high use of flow controls and other mechanisms to 
guarantee waste flows particularly for larger capacity 
facilities.”  Id. at III-55.  EPA further explains this 
point as follows: 


 Data indicate that WTEs supported by 
flow controls are more likely to have greater 
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throughput than WTEs not supported by flow 
controls.  The association between capital costs 
of WTE facilities and use of flow controls is 
similarly strong.  WTEs supported by flow 
controls generally have higher mean and 
median capital costs, regardless of facility type 
(mass burn, RDF, or modular).  Facilities 
supported by neither flow controls nor 
contracts generally have lower capital costs.  
Because of the large capital costs, financing is 
important; the better the terms, the lower the 
resulting net operating costs, due to reduced 
debt service costs. 


Id. at III-54 (internal citations omitted) see also id. at 
III-55 and III-56 (high debt service costs are a principal 
reason why “many WTE facilities rely on flow controls 
or long-term contracts:  to guarantee enough waste to 
spread their fixed costs of debt service and lower their 
net costs per ton.”). 


 On the other hand, it should also be emphasized 
that although EPA’s Report to Congress on Flow 
Control shows a strong correlation between WTE 
development and the use of flow control, the report 
was published in March 1995, which was barely nine 
months after the Carbone decision, and based on data 
gathered in 1992-94 prior to the hard punch Carbone 
landed on flow control.  While the slow pace of WTE 
development in the years following Carbone was in all 
likelihood the result of several factors, the constraint 
Carbone placed on local governments was quite 
significant and continued for nearly 13 years.[8]  
Moreover, although Oneida-Herkimer limited Carbone 
to its facts and did not overrule the earlier decision, in 
the lead-up to the Supreme Court’s decision in Oneida-
Herkimer it was by no means clear that the Court 
would agree with the Second Circuit’s interpretation 
limiting Carbone to cases involving privately owned 
waste management facilities.  In that regard, a number 
of other federal courts had interpreted Carbone in the 
same manner as the district court in Oneida-Herkimer 
– as a broad prohibition on flow control that did not 
vary based on public versus private ownership.  See 
Nat’l Solid Wastes Mgmt Ass’n v. Daviess County, 434 
F.3d 898 (6th Cir. 2006); Harvey & Harvey, Inc. v. 
County of Chester, 68 F.3d 788, 798 (3d Cir. 1995); 
National Solid Wastes Mgmt. Ass’n v. Pine Belt Solid 
Waste Mgmt.Auth., 261 F. Supp.2d 644 (S.D. Miss. 
2003), rev’d in part, dismissed in part, 389 F.3d 491 
(5th Cir. 2004); see also Municipal Solid Waste Flow 
Control Upheld in the Oneida-Herkimer Case – Will 


the Supreme Court Agree? S. DuBoff, Municipal 
Lawyer, Nov./Dec. 2001 at 13 (“Given the wide variety 
of financial arrangements used for development of 
public-purpose facilities, the differences between 
public and private ownership can often be blurred.  
Thus, whether Carbone intended the public versus 
private distinction that underlies Oneida-Herkimer, or 
whether the Supreme Court would adopt that 
distinction in a new case, remains to be seen.”).  Put 
another way, even though Oneida-Herkimer did not 
overrule Carbone, Oneida-Herkimer represents a 
significant change in the status quo and legal landscape 
for the use of flow control, with considerable future 
benefit for integrated waste management and expanded 
development of WTE capacity. 


 Emerging Issues and Practical Guideposts.  
While the stage is set for increased use of flow control 
to facilitate WTE development, several guideposts 
should be noted going forward. 


 Cross-Subsidies.  At a conference sponsored by 
Waste News in February 2008, several speakers 
representing the private waste collection industry 
suggested that as a result of Oneida-Herkimer, local 
governments will use flow control to cross-subsidize 
other local government services which are unrelated to 
solid waste management.  The Supreme Court’s 
dormant Commerce Clause jurisprudence suggests that 
an undue burden on interstate commerce can result 
where a state or local government diverts user fee 
revenue derived from one service to support unrelated 
government services or activities.  To avoid that fate a 
user fee must reflect a fair approximation of the 
payer’s use of the facility or service for which the fee 
is imposed.  See Evansville-Vanderburgh Airport Auth. 
Dist. v. Delta Airlines, Inc., 405 U.S. 707, 716-17 
(1972). 


 Lawsuits claiming that government-imposed user 
fees constitute a cross-subsidy that unduly burdens 
commerce have generally been rejected by the courts.  
One of the reasons for the plaintiffs’ lack of success in 
such suits is because user fees are often imposed by 
general purpose governments, and absolute precision in 
allocating common costs (e.g., office space, other 
administrative overhead, etc.) between different 
governmental functions is often difficult (if not 
impossible).  Such allocation issues are less likely to 
arise with a stand-alone special purpose authority, 
however, and a court is likely to conclude – in the case 
of both general purpose governments and special 
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purpose authorities – that a user fee is an undue burden 
under the Commerce Clause where there is a 
significant disparity between the level of the fee and 
the costs of the service (or services) the fee supports.  
See Bridgeport and Port Jefferson Steamboat Co. v. 
Bridgeport Port Auth., 566 F.Supp. 2d 81 (D. Conn. 
2008) (invalidating fee imposed on ferry passengers 
where record showed that a significant portion of the 
fee revenue – about 45% – supported expenditures that 
were unrelated to passenger ferry service).  In short, 
cases like Bridgeport and Port Jefferson Steamboat 
Co. are relevant to local governments that use flow 
control and counsel against using tipping fee revenue 
to support governmental services that are unrelated to 
solid waste management.[9] 


 Contract Clause Claims.  Where a local 
government initiates use of flow control or resumes a 
prior use, an adversely affected waste company may 
attempt to raise a claim under the “Contract Clause” of 
the U.S. Constitution.  See U.S. Const. art. I, § 10, cl. 1 
(“No State shall . . . pass any . . . Law impairing the 
Obligation of Contracts.”).  Such claims would focus, 
for example, on disposal agreements that predate 
initiation of flow control (a pending flow control suit 
involving such claims is Escambia County, Florida v. 
Allied Waste, Case No. 3:08-cv-88 (N.D. Florida)).  
Although an extended discussion is unnecessary here, 
Contract Clause claims are based on evidence showing 
(i) an ongoing contractual relationship (ii) that is 
diminished by a change in the law and (iii) the 
resulting impact is substantial.  As explained in 
Houlton Citizens’ Coalition v. Town of Houlton, 175 
F.3d 178, 191 (1st Cir. 1999), a flow control case that 
rejected a waste hauler’s Contract Clause claim, “even 
a state law that creates a substantial impairment does 
not transgress the Contract Clause as long as it is 
appropriate for, and necessary to, the accomplishment 
of a legitimate public purpose.” 


 It is important to note that although courts 
generally defer to the enacting government’s judgment 
regarding the need for regulatory measures that affect 
contractual rights, that is, the “legitimate public 
purpose” to which the Houlton Citizens’ Coalition case 
refers, such deference is much less likely where the 
affected government uses its regulatory power to 
modify its own contractual obligations.  See id. at 191.  
In short, where a local government intends to initiate or 
resume use of flow control, it is important to be 
mindful of the interplay between flow control and 
related contractual obligations of the enacting 


jurisdiction as well as the regulated entities’ 
contractual obligations with third parties. 


 Public Ownership and Private Operation.  In two 
post-Oneida-Herkimer cases, plaintiffs representing 
private waste hauling and disposal interests have 
claimed that the Supreme Court’s decision only applies 
where a publicly-owned waste management facility is 
also operated by government employees.[10]  That 
contention is unsound. 


 In considering this point it should be noted that the 
record in Oneida-Herkimer shows that at least one of 
the Oneida-Herkimer authority’s publicly owned 
facilities  a transfer station  had been privately 
operated during the litigation (it later changed to public 
operation).  That point was repeated throughout the 
waste hauler-petitioners’ briefs to the Supreme Court.  
For example, the waste haulers’ November 2006 
opening brief explained as follows: 


Under the Second Circuit’s decision, the 
validity of flow control turns entirely on the 
identity of the record title owner of the 
preferred facility. . . .If legal title to a facility is 
in the name of a private entity, a law requiring 
that waste be delivered to that facility is 
subject to the Court’s virtually per se rule of 
invalidity.  If legal title to a facility is in the 
name of a public entity – even if constructed 
and operated by a private entity – the very 
same law would be evaluated under the more 
deferential Pike test. 


No. 05-1345, Brief of Petitioners, United Haulers 
Assoc., Inc. v. Oneida-Herkimer Solid Waste Mgmt. 
Auth., November 2006 at 25 (citing Pike v. Bruce 
Church, see n.6, supra).  The waste hauler-petitioners’ 
recognition of the private operation aspects of the 
Oneida-Herkimer waste management system was 
repeated a number of times in their briefs to the 
Supreme Court.  Thus, after noting that “there is no 
practical difference between the [Oneida-Herkimer] 
facilities and the facility involved in Carbone,” the 
waste haulers’ December 2006 reply brief explained 
that “[s]imilarly here, the designated transfer stations 
were constructed by and are operated by a private 
company under contracts with the Authority.”  See No. 
05-1345, Reply Brief of Petitioners, United Haulers 
Assoc., Inc. v. Oneida-Herkimer Solid Waste Mgmt. 
Auth., December 2006 at 3. 
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 At least equally important, this same point was 
recognized in the Second Circuit’s decisions in 
Oneida-Herkimer, which the Supreme Court upheld in 
all respects.  Thus, after noting that “Waste 
Management continues to operate the transfer station 
on behalf of [Oneida and Herkimer] Counties,” 261 
F.3d at 250, the Second Circuit explained that “the 
district court [which the Second Circuit reversed] erred 
in its Commerce Clause analysis by failing to 
recognize the distinction between private and public 
ownership of the favored facility” because “a 
municipal flow control law does not discriminate 
against out-of-state interests in violation of the 
Commerce Clause when it directs all waste to publicly 
owned facilities.”  Id. at 257. 


 As a concluding point on this subtopic, it should be 
emphasized that nothing in the Supreme Court’s 
opinion in Oneida-Herkimer suggests that a waste 
management facility which is publicly owned and 
licensed in the name of the public entity owner – and 
operated for the benefit of the same public entity and 
the community it serves – somehow loses its public 
status simply because the owner contracts with a 
private entity for operation of the facility.[11]  As the 
Court emphasized, “[i]t is not the office of the 
Commerce Clause to control the decision of the voters 
on whether government or the private sector should 
provide waste management services.”  127 S.Ct. at 
1796.  It is at least equally true that the Commerce 
Clause does not dictate the extent to which a voter-
selected public system for solid waste management can 
use private entities to assist in the public system’s 
operation. 


 Local Government Consortia and Use of Flow 
Control.  Finally, at times local governments will use 
flow control to direct waste to a facility owned by a 
separate local government entity.  Such arrangements 
reflect the important benefits, including economies of 
scale, where local governments form multi-
jurisdictional consortia or compacts to address 
responsibilities they share in common, such as solid 
waste management.  EPA has long encouraged such 
intergovernmental solutions.  See The Solid Waste 
Dilemma: An Agenda for Action; Availability of a 
Draft Report and Announcement of Public Hearings, 
53 Fed. Reg. 36883, 36885 (September 22, 1988) 
(EPA “desires that local and State governments assume 
responsibility for the wastes generated within their 
jurisdictions,” and important means for achieving that 
objective are “sub-state or multi-state regional solid 


wastes management solutions, which EPA also 
encourages.”).  The Oneida-Herkimer case is an 
example:  New York law authorized Oneida and 
Herkimer counties to exercise flow control by 
designating specific facilities for management of their 
respective communities’ waste, and for that purpose 
the two counties designated facilities owned by a third 
entity, the Oneida-Herkimer Solid Waste Management 
Authority. 


Conclusion 


 In sum, flow control reflects a commendable cost-
internalizing policy by which local governments 
assume responsibility for management of the solid 
waste their citizens generate.  Flow control neutralizes 
financial obstacles that can discourage WTE 
development and otherwise serves a very important 
role in facilitating WTE development and expansion. 
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managing locally-generated municipal solid waste in an 
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(cited below as “Agenda for Action”). 
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States, 193 U.S. 197, 400-01 (1906) (Holmes, J., 
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commerce; and (ii) whether the resulting burden, if any, 
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Commerce Clause. 
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Variable Rates In Solid Waste: Handbook For Solid 
Waste Officials, U.S. EPA, EPA/530-SW-90-084A, Vol. 
I–Exec. Summ. 2 (Sept. 1990) (discouraging use of local 
taxes, such as property taxes, to support solid waste 
management services because it fails to give “residents 
any incentive to reduce their waste” (emphasis in 
original)).  Similarly, although the courts have ruled that 
“intrastate-only” flow control does not discriminate 
against interstate commerce, that alternative (which 
mandates use of designated facilities insofar as a hauler 
elects to dispose of waste within the state of origin, but 
applies no restrictions if the hauler elects out-of-state 
disposal) is not helpful where the enacting jurisdiction is 
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which was in 1995, shortly after the Carbone decision.  
See http://www.wte.org/docs/IWSA_2007_Directory.xls. 


[9]Although discussion would be beyond the scope of this 
paper, it should also be noted that the laws of many (if not 
all) states require user fees to reasonably reflect the costs 
of the specific services for which the fees are imposed. 


[10]C&A Carbone, Inc., et al. v. County of Rockland, et al., 
No. 7:08-cv-06459 (S.D. N.Y.); Penn. Waste Inds. Assoc., 
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[11]Other important factors in this regard include the identity 
of the permit holder for the facility, assignment of 
responsibility for collecting tipping fees, and the affected 
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EXECUTIVE SUMMARY 


Post-consumer waste is a small contributor to global 
greenhouse gas (GHG) emissions (<5%) with total emissions 
of approximately 1300 MtCO2-eq in 2005. The largest source 
is landfill methane (CH4), followed by wastewater CH4 and 
nitrous oxide (N2O); in addition, minor emissions of carbon 
dioxide (CO2) result from incineration of waste containing 
fossil carbon (C) (plastics; synthetic textiles) (high evidence, 
high agreement). There are large uncertainties with respect to 
direct emissions, indirect emissions and mitigation potentials 
for the waste sector. These uncertainties could be reduced 
by consistent national definitions, coordinated local and 
international data collection, standardized data analysis and 
field validation of models (medium evidence, high agreement). 
With respect to annual emissions of fluorinated gases from 
post-consumer waste, there are no existing national inventory 
methods for the waste sector, so these emissions are not currently 
quantified. If quantified in the future, recent data indicating 
anaerobic biodegradation of chlorofluorocarbons (CFCs) and 
hydrochlorofluorocarbons (HCFCs) in landfill settings should 
be considered (low evidence, high agreement).


Existing waste-management practices can provide effective 
mitigation of GHG emissions from this sector: a wide range 
of mature, environmentally-effective technologies are available 
to mitigate emissions and provide public health, environmental 
protection, and sustainable development co-benefits.  
Collectively, these technologies can directly reduce GHG 
emissions (through landfill gas recovery, improved landfill 
practices, engineered wastewater management) or avoid 
significant GHG generation (through controlled composting 
of organic waste, state-of-the-art incineration and expanded 
sanitation coverage) (high evidence, high agreement). In 
addition, waste minimization, recycling and re-use represent 
an important and increasing potential for indirect reduction 
of GHG emissions through the conservation of raw materials, 
improved energy and resource efficiency and fossil fuel 
avoidance (medium evidence, high agreement). 


Because waste management decisions are often made 
locally without concurrent quantification of GHG mitigation, 
the importance of the waste sector for reducing global GHG 
emissions has been underestimated (medium evidence, high 
agreement). Flexible strategies and financial incentives can 
expand waste management options to achieve GHG mitigation 
goals – in the context of integrated waste management, local 
technology decisions are a function of many competing 
variables, including waste quantity and characteristics, cost 
and financing issues, infrastructure requirements including 
available land area, collection and transport considerations, and 
regulatory constraints. Life cycle assessment (LCA) can provide 
decision-support tools (high evidence, high agreement).


Commercial recovery of landfill CH4 as a source of 
renewable energy has been practised at full scale since 1975 


and currently exceeds 105 MtCO2-eq, yr. Because of landfill gas 
recovery and complementary measures (increased recycling, 
decreased landfilling, use of alternative waste-management 
technologies), landfill CH4 emissions from developed countries 
have been largely stabilized (high evidence, high agreement). 
However, landfill CH4 emissions from developing countries are 
increasing as more controlled (anaerobic) landfilling practices 
are implemented; these emissions could be reduced by both 
accelerating the introduction of engineered gas recovery and 
encouraging alternative waste management strategies (medium 
evidence, medium agreement). 


Incineration and industrial co-combustion for waste-to-
energy provide significant renewable energy benefits and fossil 
fuel offsets. Currently, >130 million tonnes of waste per year are 
incinerated at over 600 plants (high evidence, high agreement). 
Thermal processes with advanced emission controls are proven 
technology but more costly than controlled landfilling with 
landfill gas recovery; however, thermal processes may become 
more viable as energy prices increase. Because landfills produce 
CH4 for decades, incineration, composting and other strategies 
that reduce landfilled waste are complementary mitigation 
measures to landfill gas recovery in the short- to medium-term 
(medium evidence, medium agreement). 


Aided by Kyoto mechanisms such as the Clean Development 
Mechanism (CDM) and Joint Implementation (JI), as well as 
other measures to increase worldwide rates of landfill CH4 
recovery, the total global economic mitigation potential for 
reducing landfill CH4 emissions in 2030 is estimated to be 
>1000 MtCO2-eq (or 70% of estimated emissions) at costs 
below 100 US$/tCO2-eq/yr. Most of this potential is achievable 
at negative to low costs: 20–30% of projected emissions for 
2030 can be reduced at negative cost and 30–50% at costs 
<20 US$/tCO2-eq/yr. At higher costs, more significant emission 
reductions are achievable, with most of the additional mitigation 
potential coming from thermal processes for waste-to-energy 
(medium evidence, medium agreement). 


Increased infrastructure for wastewater management in 
developing countries can provide multiple benefits for GHG 
mitigation, improved public health, conservation of water 
resources, and reduction of untreated discharges to surface 
water, groundwater, soils and coastal zones. There are numerous 
mature technologies that can be implemented to improve 
wastewater collection, transport, re-use, recycling, treatment 
and residuals management (high evidence, high agreement). 
With respect to both waste and wastewater management 
for developing countries, key constraints on sustainable 
development include the local availability of capital as well as 
the selection of appropriate and truly sustainable technology in 
a particular setting (high evidence, high agreement). 
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10.1    Introduction


Waste generation is closely linked to population, urbanization 
and affluence. The archaeologist E.W. Haury wrote: ‘Whichever 
way one views the mounds [of waste], as garbage piles to 
avoid, or as symbols of a way of life, they…are the features 
more productive of information than any others.’ (1976, p.80). 
Archaeological excavations have yielded thicker cultural 
layers from periods of prosperity; correspondingly, modern 
waste-generation rates can be correlated to various indicators 
of affluence, including gross domestic product (GDP)/cap, 
energy consumption/cap, , and private final consumption/cap 
(Bingemer and Crutzen, 1987; Richards, 1989; Rathje et al., 
1992; Mertins et al., 1999; US EPA, 1999; Nakicenovic et al., 
2000; Bogner and Matthews, 2003; OECD, 2004). In developed 
countries seeking to reduce waste generation, a current goal is 
to decouple waste generation from economic driving forces 
such as GDP (OECD, 2003; Giegrich and Vogt, 2005; EEA, 
2005). In most developed and developing countries with 
increasing population, prosperity and urbanization, it remains a 
major challenge for municipalities to collect, recycle, treat and 
dispose of increasing quantities of solid waste and wastewater. 
A cornerstone of sustainable development is the establishment 
of affordable, effective and truly sustainable waste management 
practices in developing countries. It must be further emphasized 
that multiple public health, safety and environmental co-
benefits accrue from effective waste management practices 
which concurrently reduce GHG emissions and improve 
the quality of life, promote public health, prevent water and 
soil contamination, conserve natural resources and provide 
renewable energy benefits. 


The major GHG emissions from the waste sector are landfill 
CH4 and, secondarily, wastewater CH4 and N2O.  In addition, 
the incineration of fossil carbon results in minor emissions of 
CO2.  Chapter 10 focuses on mitigation of GHG emissions from 
post-consumer waste, as well as emissions from municipal 
wastewater and high biochemical oxygen demand (BOD) 
industrial wastewaters conveyed to public treatment facilities. 
Other chapters in this volume address pre-consumer GHG 
emissions from waste within the industrial (Chapter 7) and 
energy (Chapter 4) sectors which are managed within those 
respective sectors. Other chapters address agricultural wastes 
and manures (Chapter 8), forestry residues (Chapter 9) and 
related energy supply issues including district heating (Chapter 
6) and transportation biofuels (Chapter 5). National data are 
not available to quantify GHG emissions associated with waste 
transport, including reductions that might be achieved through 
lower collection frequencies, higher routing efficiencies or 
substitution of renewable fuels; however, all of these measures 
can be locally beneficial to reduce emissions.


It should be noted that a separate chapter on post-consumer 
waste is new for the Fourth Assessment report; in the Third 
Assessment Report (TAR), GHG mitigation strategies for waste 
were discussed primarily within the industrial sector (Ackerman, 


2000; IPCC, 2001a).  It must also be stressed that there are high 
uncertainties regarding global GHG emissions from waste  which 
result from national and regional differences in definitions, data 
collection and statistical analysis. Because of space constraints, 
this chapter does not include detailed discussion of waste 
management technologies, nor does this chapter prescribe to 
any one particular technology. Rather, this chapter focuses on 
the GHG mitigation aspects of the following strategies: landfill 
CH4 recovery and utilization; optimizing methanotrophic 
CH4 oxidation in landfill cover soils; alternative strategies to 
landfilling for GHG avoidance (composting; incineration and 
other thermal processes; mechanical and biological treatment 
(MBT)); waste reduction through recycling, and expanded 
wastewater management to minimize GHG generation and 
emissions. In addition, using available but very limited data, 
this chapter will discuss emissions of non-methane volatile 
organic compounds (NMVOCs) from waste and end-of-life 
issues associated with fluorinated gases.


 
The mitigation of GHG emissions from waste must be 


addressed in the context of integrated waste management. 
Most technologies for waste management are mature and have 
been successfully implemented for decades in many countries. 
Nevertheless, there is significant potential for accelerating both 
the direct reduction of GHG emissions from waste as well as 
extended implications for indirect reductions within other 
sectors. LCA is an essential tool for consideration of both the 
direct and indirect impacts of waste management technologies 
and policies (Thorneloe et al., 2002; 2005; WRAP, 2006). 
Because direct emissions represent only a portion of the 
life cycle impacts of various waste management strategies 
(Ackerman, 2000), this chapter includes complementary 
strategies for GHG avoidance, indirect GHG mitigation and 
use of waste as a source of renewable energy to provide fossil 
fuel offsets. Using LCA and other decision-support tools, 
there are many combined mitigation strategies that can be 
cost-effectively implemented by the public or private sector. 
Landfill CH4 recovery and optimized wastewater treatment can 
directly reduce GHG emissions. GHG generation can be largely 
avoided through controlled aerobic composting and thermal 
processes such as incineration for waste-to-energy. Moreover, 
waste prevention, minimization, material recovery, recycling 
and re-use represent a growing potential for indirect reduction 
of GHG emissions through decreased waste generation, lower 
raw material consumption, reduced energy demand and fossil 
fuel avoidance. Recent studies (e.g., Smith et al., 2001; WRAP, 
2006) have begun to comprehensively quantify the significant 
benefits of recycling for indirect reductions of GHG emissions 
from the waste sector.


Post-consumer waste is a significant renewable energy 
resource whose energy value can be exploited through thermal 
processes (incineration and industrial co-combustion), landfill 
gas utilization and the use of anaerobic digester biogas. Waste 
has an economic advantage in comparison to many biomass 
resources because it is regularly collected at public expense 
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(See also Section 11.3.1.4). The energy content of waste can 
be more efficiently exploited using thermal processes than with 
the production of biogas: during combustion, energy is directly 
derived both from biomass (paper products, wood, natural 
textiles, food) and fossil carbon sources (plastics, synthetic 
textiles). The heating value of mixed municipal waste ranges 
from <6 to >14 MJ/kg (Khan and Abu-Ghararath, 1991; EIPPC 
Bureau, 2006). Thermal processes are most effective at the upper 
end of this range where high values approach low-grade coals 
(lignite). Using a conservative value of 900 Mt/yr for total waste 
generation in 2002 (discussed in Box 10.1 below), the energy 
potential of waste is approximately 5–13 EJ/yr. Assuming an 
average heating value of 9 GJ/t for mixed waste (Dornburg and 
Faaij, 2006) and converting to energy equivalents, global waste 
in 2002 contained about 8 EJ of available energy, which could 
increase to 13 EJ in 2030 using waste projections in Monni et 
al. (2006). Currently, more than 130 million tonnes per year 
of waste are combusted worldwide (Themelis, 2003), which is 
equivalent to >1 EJ/yr (assuming 9 GJ/t). The biogas fuels from 
waste – landfill gas and digester gas – typically have a heating 
value of 16–22 MJ/Nm3, depending directly on the CH4 content. 
Both are used extensively worldwide for process heating and 
on-site electrical generation; more rarely, landfill gas may be 
upgraded to a substitute natural gas product. Conservatively, the 
energy value of landfill gas currently being utilized is >0.2 EJ/
yr (using data from Willumsen, 2003). 


An overview of carbon flows through waste management 
systems addresses the issue of carbon storage versus carbon 
turnover for major waste-management strategies including 
landfilling, incineration and composting (Figure 10.1). Because 
landfills function as relatively inefficient anaerobic digesters, 
significant long-term carbon storage occurs in landfills, which is 
addressed in the 2006 IPCC Guidelines for National Greenhouse 


Gas Inventories (IPCC, 2006). Landfill CH4 is the major gaseous 
C emission from waste; there are also minor emissions of CO2 
from incinerated fossil carbon (plastics). The CO2 emissions 
from biomass sources – including the CO2 in landfill gas, the 
CO2 from composting, and CO2 from incineration of waste 
biomass – are not taken into account in GHG inventories as 
these are covered by changes in biomass stocks in the land-use, 
land-use change and forestry sectors.


A process-oriented perspective on the major GHG emissions 
from the waste sector is provided in Figure 10.2.  In the context 
of a landfill CH4 mass balance (Figure 10.2a), emissions are 
one of several possible pathways for the CH4 produced by 
anaerobic methanogenic microorganisms in landfills; other 
pathways include recovery, oxidation by aerobic methanotrophic 
microorganisms in cover soils, and two longer-term pathways: 
lateral migration and internal storage (Bogner and Spokas, 1993; 
Spokas et al., 2006). With regard to emissions from wastewater 
transport and treatment (Figure 10.2b), the CH4 is microbially 
produced under strict anaerobic conditions as in landfills, while 
the N2O is an intermediate product of microbial nitrogen cycling 
promoted by conditions of reduced aeration, high moisture and 
abundant nitrogen. Both GHGs can be produced and emitted at 
many stages between wastewater sources and final disposal.


It is important to stress that both the CH4 and N2O from the 
waste sector are microbially produced and consumed with rates 
controlled by temperature, moisture, pH, available substrates, 
microbial competition and many other factors. As a result, 
CH4 and N2O generation, microbial consumption, and net 
emission rates routinely exhibit temporal and spatial variability 
over many orders of magnitude, exacerbating the problem of 
developing credible national estimates. The N2O from landfills 
is considered an insignificant source globally (Bogner et al., 
1999; Rinne et al., 2005), but may need to be considered locally 
where cover soils are amended with sewage sludge (Borjesson 
and Svensson, 1997a) or aerobic/semi-aerobic landfilling 
practices are implemented (Tsujimoto et al., 1994). Substantial 
emissions of CH4 and N2O can occur during wastewater 
transport in closed sewers and in conjunction with anaerobic 
or aerobic treatment. In many developing countries, in addition 
to GHG emissions, open sewers and uncontrolled solid waste 
disposal sites result in serious public health problems resulting 
from pathogenic microorganisms, toxic odours and disease 
vectors. 


Major issues surrounding the costs and potentials for 
mitigating GHG emissions from waste include definition of 
system boundaries and selection of models with correct baseline 
assumptions and regionalized costs, as discussed in the TAR 
(IPCC, 2001a). Quantifying mitigation costs and potentials 
(Section 10.4.7) for the waste sector remains a challenge due to 
national and regional data uncertainties as well as the variety of 
mature technologies whose diffusion is limited by local costs, 
policies, regulations, available land area, public perceptions and 
other social development factors. Discussion of technologies 


Figure 10.1: Carbon flows through major waste management systems including 
C storage and gaseous C emissions. The CO2 from biomass is not included in GHG 
inventories for waste. 
References for C storage are: Huber-Humer, 2004; Zinati et al., 2001; Barlaz, 1998; Bramryd, 
1997; Bogner, 1992. 
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and mitigation strategies in this chapter (Section 10.4) includes 
a range of approaches from low-technology/low-cost to high-
technology/high-cost measures. Often there is no single best 
option; rather, there are multiple measures available to decision-
makers at the municipal level where several technologies may 


be collectively implemented to reduce GHG emissions and 
achieve public health, environmental protection and sustainable 
development objectives. 


CH4


recovered


aerobic methane oxidation:
methanotrophs in cover soils


methane
emission


Simplified Landfill Methane Mass Balance
Methane (CH4) produced (mass/time) = Σ(CH4 recovered + CH4 emitted + CH4 oxidized)  
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Figure 10.2b: Overview of wastewater systems. 
Note: The major GHG emissions from wastewater – CH4 and N2O – can be emitted during all stages from sources to disposal, but especially when collection and treat-
ment are lacking. N2O results from microbial N cycling under reduced aeration; CH4 results from anaerobic microbial decomposition of organic C substrates in soils, 
surface waters or coastal zones.


Figure 10.2: Pathways for GHG emissions from landfills 
and wastewater systems: 


Figure 10.2a: Simplified landfill CH4 mass balance: 
pathways for CH4 generated in landfilled waste, including 
CH4 emitted, recovered and oxidized.   
Note: Not shown are two longer-term CH4 pathways: 
lateral CH4 mitigation and internal changes in CH4 
storage (Bogner and Spokas, 1993; Spokas et al., 2006)  
Methane can be stored in shallow sediments for several 
thousand years (Coleman, 1979).
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per capita and demographic variables, which encompass both 
population and affluence, including GDP per capita (Richards, 
1989; Mertins et al., 1999) and energy consumption per capita 
(Bogner and Matthews, 2003). The use of proxy variables, 
validated using reliable datasets, can provide a cross-check on 
uncertain national data. Moreover, the use of a surrogate provides 
a reasonable methodology for a large number of countries where 
data do not exist, a consistent methodology for both developed 
and developing countries and a procedure that facilitates annual 
updates and trend analysis using readily available data (Bogner 
and Matthews, 2003). The box below illustrates 1971–2002 
trends for regional solid-waste generation using the surrogate 
of energy consumption per capita. Using UNFCCC-reported 
values for percentage biodegradable organic carbon in waste 
for each country, this box also shows trends for landfill carbon 
storage based upon the reported data.


Solid waste generation rates range from <0.1 t/cap/yr in low-
income countries to >0.8 t/cap/yr in high-income industrialized 
countries (Table 10.1). Even though labour costs are lower in 
developing countries, waste management can constitute a larger 
percentage of municipal income because of higher equipment 
and fuel costs (Cointreau-Levine, 1994). By 1990, many 
developed countries had initiated comprehensive recycling 
programmes. It is important to recognize that the percentages 
of waste recycled, composted, incinerated or landfilled differ 
greatly amongst municipalities due to multiple factors, including 
local economics, national policies, regulatory restrictions, 
public perceptions and infrastructure requirements


10.2  Status of the waste management 
sector


10.2.1 Waste generation 


The availability and quality of annual data are major problems 
for the waste sector. Solid waste and wastewater data are 
lacking for many countries, data quality is variable, definitions 
are not uniform, and interannual variability is often not well 
quantified. There are three major approaches that have been 
used to estimate global waste generation: 1) data from national 
waste statistics or surveys, including IPCC methodologies 
(IPCC, 2006); 2) estimates based on population (e.g., SRES 
waste scenarios), and 3) the use of a proxy variable linked to 
demographic or economic indicators for which national data are 
annually collected. The SRES waste scenarios, using population 
as the major driver, projected continuous increases in waste and 
wastewater CH4 emissions to 2030 (A1B-AIM), 2050 (B1-
AIM), or 2100 (A2-ASF; B2-MESSAGE), resulting in current 
and future emissions significantly higher than those derived 
from IPCC inventory procedures (Nakicenovic et al., 2000) 
(See also Section 10.3). A major reason is that waste generation 
rates are related to affluence as well as population – richer 
societies are characterized by higher rates of waste generation 
per capita, while less affluent societies generate less waste and 
practise informal recycling/re-use initiatives that reduce the 
waste per capita to be collected at the municipal level. The 
third strategy is to use proxy or surrogate variables based on 
statistically significant relationships between waste generation 


Box 10.1: 1971–2002 Regional trends for solid waste generation and landfill carbon storage 
using a proxy variable. 


Solid-waste generation rates are a function of both population and prosperity, but data are lacking or questionable for 
many countries. This results in high uncertainties for GHG emissions estimates, especially from developing countries. One 
strategy is to use a proxy variable for which national statistics are available on an annual basis for all countries. For example, 
using national solid-waste data from 1975–1995 that were reliably referenced to a given base year, Bogner and Matthews 
(2003) developed simple linear regression models for waste generation per capita for developed and developing countries. 
These empirical models were based on energy consumption per capita as an indicator of affluence and a proxy for waste 
generation per capita; the surrogate relationship was applied to annual national data using either total population (developed 
countries) or urban population (developing countries). The methodology was validated using post-1995 data which had not 
been used to develop the original model relationships. The results by region for 1971–2002 (Figure 10.3a) indicate that ap-
proximately 900 Mt of waste were generated in 2002. Unlike projections based on population alone, this figure also shows 
regional waste-generation trends that decrease and increase in tandem with major economic trends. For comparison, recent 
waste-generation estimates by Monni et al. (2006) using 2006 inventory guidelines, indicated about 1250 Mt of waste gener-
ated in 2000.  Figure 10.3b showing annual carbon storage in landfills was developed using the same base data as Figure 
10.3a with the percentage of landfilled waste for each country (reported to UNFCCC) and a conservative assumption of 50% 
carbon storage (Bogner, 1992; Barlaz, 1998). This storage is long-term: under the anaerobic conditions in landfills, lignin does 
not degrade significantly (Chen et al., 2004), while some cellulosic fractions are also non-degraded. The annual totals for the 
mid-1980s and later (>30 MtC/yr) exceed estimates in the literature for the annual quantity of organic carbon partitioned to 
long-term geologic storage in marine environments as a precursor to future fossil fuels (Bogner, 1992). It should be noted that 
the anaerobic burial of waste in landfills (with resulting carbon storage) has been widely implemented in developed countries 
only since the 1960s and 1970s.
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10.2.2 Wastewater generation 


Most countries do not compile annual statistics on the total 
volume of municipal wastewater generated, transported and 
treated. In general, about 60% of the global population has 
sanitation coverage (sewerage) with very high levels (>90%) 
characteristic for the population of North America (including 
Mexico), Europe and Oceania, although in the last two regions 
rural areas decrease to approximately 75% and 80%, respectively 
(DESA, 2005; Jouravlev, 2004; PNUD, 2005; WHO/UNICEF/
WSSCC, 2000, WHO-UNICEF, 2005; World Bank, 2005a). In 
developing countries, rates of sewerage are very low for rural 
areas of Africa, Latin America and Asia, where septic tanks 


Box 10.1 continued


Figure 10.3a: Annual rates of post-consumer waste generation 1971–2002 (Tg) using energy consumption surrogate. 


 


Figure 10.3b: Minimum annual rates of carbon storage in landfills from 1971–2002 (Tg C).
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Devel. Countries S. Asia


Devel. Countries E. Asia


Latin America


Middle East
Northern Africa
Sub-Saharan Africa


Countries in Transition


Europe


OECD Pacific


OECD N. America


Country
Low 


income
Middle 
income


High 
income


Annual income  
(US$/cap/yr)


825-3255 3256-10065 >10066


Municipal solid waste 
generation rate  
(t/cap/yr)


0.1-0.6 0.2-0.5 0.3 to >0.8


Note: Income levels as defined by World Bank (www.worldbank.org/data/
wdi2005). 


Sources: Bernache-Perez et al., 2001; CalRecovery, 2004, 2005; Diaz and Eggerth, 2002; Griffiths 
and Williams, 2005; Idris et al., 2003; Kaseva et al., 2002; Ojeda-Benitez and Beraud-Lozano, 
2003; Huang et al., 2006; US EPA, 2003.


Table 10.1: Municipal solid waste-generation rates and relative income levels
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and latrines predominate. For ‘improved sanitation’ (including 
sewerage + wastewater treatment, septic tanks and latrines), 
almost 90% of the population in developed countries, but only 
about 30% of the population in developing countries, has access 
to improved sanitation (Jouravlev, 2004; World Bank, 2005a, 
b).  Many countries in Eastern Europe and Central Asia lack 
reliable benchmarks for the early 1990s. Regional trends (Figure 
10.4) indicate improved sanitation levels of <50% for Eastern 
and Southern Asia and Sub-Saharan Africa (World Bank and 
IMF, 2006). In Sub-Saharan Africa, at least 450 million people 
lack adequate sanitation. In both Southern and Eastern Asia, 
rapid urbanization is posing a challenge for the development of 
wastewater infrastructure. The highly urbanized region of Latin 
America and the Caribbean has also made slow progress in 
providing wastewater treatment. In the Middle East and North 
Africa, the countries of Egypt, Tunesia and Morocco have 
made significant progress in expanding wastewater-treatment 
infrastructure (World Bank and IMF, 2006). Nevertheless, 
globally, it has been estimated that 2.6 billion people lack 
improved sanitation (WHO-UNICEF, 2005).


Estimates for CH4 and N2O emissions from wastewater 
treatment require data on degradable organic matter (BOD; 
COD1) and nitrogen. Nitrogen content can be estimated using 
Food and Agriculture Organization (FAO) data on protein 
consumption, and either the application of wastewater treatment, 
or its absence, determines the emissions. Aerobic treatment 
plants produce negligible or very small emissions, whereas 
in anaerobic lagoons or latrines 50–80% of the CH4 potential 
can be produced and emitted. In addition, one must take into 
account the established infrastructure for wastewater treatment 
in developed countries and the lack of both infrastructure and 
financial resources in developing countries where open sewers 
or informally ponded wastewaters often result in uncontrolled 
discharges to surface water, soils, and coastal zones, as well 
as the generation of N2O and CH4.  The majority of urban 
wastewater treatment facilities are publicly operated and only 
about 14% of the total private investment in water and sewerage 
in the late 1990s was applied to the financing of wastewater 
collection and treatment, mainly to protect drinking water 
supplies (Silva, 1998; World Bank 1997). 


Most wastewaters within the industrial and agricultural 
sectors are discussed in Chapters 7 and 8, respectively. However, 
highly organic industrial wastewaters are addressed in this 
chapter, because they are frequently conveyed to municipal 
treatment facilities. Table 10.2 summarizes estimates for total 
and regional 1990 and 2001 generation in terms of kilograms 
of BOD per day or kilograms of BOD per worker per day, 
based on measurements of plant-level water quality (World 
Bank, 2005a). The table indicates that total global generation 
decreased >10% between 1990 and 2001; however, increases 


of 15% or more were observed for the Middle East and the 
developing countries of South Asia. 


10.2.3 Development trends for waste and 
wastewater


Waste and wastewater management are highly regulated 
within the municipal infrastructure under a wide range of existing 
regulatory goals to protect human health and the environment;  
promote waste minimization and recycling;  restrict certain 
types of waste management activities;  and reduce impacts to 
residents, surface water, groundwater and soils. Thus, activities 
related to waste and wastewater management are, and will 
continue to be, controlled by national regulations, regional 
restrictions, and local planning guidelines that address waste and 
wastewater transport, recycling, treatment, disposal, utilization, 
and energy use. For developing countries, a wide range of waste 
management legislation and policies have been implemented 
with evolving structure and enforcement; it is expected that 
regulatory frameworks in developing countries will become 
more stringent in parallel with development trends. 


Depending on regulations, policies, economic priorities and 
practical local limits, developed countries will be characterized 
by increasingly higher rates of waste recycling and pre-
treatment to conserve resources and avoid GHG generation. 
Recent studies have documented recycling levels of >50% 


1 BOD (Biological or Biochemical Oxygen Demand) measures the quantity of oxygen consumed by aerobically biodegradable organic C in wastewater. COD (Chemical Oxygen 
Demand) measures the quantity of oxygen consumed by chemical oxidation of C in wastewater (including both aerobic/anaerobic biodegradable and non-biodegradable C). 
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Figure 10.4: Regional data for 1990 and 2003 with 2015 Millenium Development 
Goal (MDG) targets for the share of population with access to improved sanitation 
(sewerage + wastewater treatment, septic system, or latrine).


Source: World Bank and IMF (2006)
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for specific waste fractions in some developed countries (i.e., 
Swedish Environmental Protection Agency, 2005). Recent 
US data indicate about 25% diversion, including more than 
20 states that prohibit landfilling of garden waste (Simmons 
et al., 2006). In developing countries, a high level of labour-
intensive informal recycling often occurs. Via various diversion 
and small-scale recycling activities, those who make their 
living from decentralized waste management can significantly 
reduce the mass of waste that requires more centralized 
solutions; however, the challenge for the future is to provide 
safer, healthier working conditions than currently experienced 
by scavengers on uncontrolled dumpsites. Available studies 
indicate that recycling activities by this sector can generate 
significant employment, especially for women, through creative 
microfinance and other small-scale investments. For example, 
in Cairo, available studies indicate that 7–8 daily jobs per ton of 
waste and  recycling of >50% of collected waste can be attained 
(Iskandar, 2001). 


Trends for sanitary landfilling and alternative waste-
management technologies differ amongst  countries. In the 
EU, the future landfilling of organic waste is being phased 
out via the landfill directive (Council Directive 1999/31/EC), 
while engineered gas recovery is required at existing sites 
(EU, 1999).  This directive requires that, by 2016, the mass 
of biodegradable organic waste annually landfilled must be 
reduced 65% relative to landfilled waste in 1995. Several 
countries (Germany, Austria, Denmark, Netherlands, Sweden) 
have accelerated the EU schedule through more stringent 
bans on landfilling of organic waste. As a result, increasing 


quantities of post-consumer waste are now being diverted to 
incineration, as well as to MBT before landfilling to 1) recover 
recyclables and 2) reduce the organic carbon content by a partial 
aerobic composting or anaerobic digestion (Stegmann, 2005). 
The MBT residuals are often, but not always, landfilled after 
achieving organic carbon reductions to comply with the EU 
landfill directive. Depending on the types and quality control of 
various separation and treatment processes, a variety of useful 
recycled streams are also produced. Incineration for waste-
to-energy has been widely implemented in many European 
countries for decades. In 2002, EU WTE plants generated 41 
million GJ of electrical energy and 110 million GJ of thermal 
energy (Themelis, 2003). Rates of incineration are expected to 
increase in parallel with implemention of the landfill directive, 
especially in countries such as the UK with historically lower 
rates of incineration compared to other European countries. 
In North America, Australia and New Zealand, controlled 
landfilling is continuing as a dominant method for large-scale 
waste disposal with mandated compliance to both landfilling 
and air-quality regulations. In parallel, larger quantities of 
landfill CH4 are annually being recovered, both to comply 
with air-quality regulations and to provide energy, assisted by 
national tax credits and local renewable-energy/green power 
initiatives (see Section 10.5). The US, Canada, Australia and 
other countries are currently studying and considering the 
widespread implementation of ‘bioreactor’ landfills to compress 
the time period during which high rates of CH4 generation occur 
(Reinhart and Townsend, 1998; Reinhart et al., 2002; Berge et 
al., 2005); bioreactors will also require the early implementation 
of engineered gas extraction. Incineration has not been widely 


Regions


Kg BOD/day
[Total, Rounded]


(1000s)
Kg BOD/worker/


day


Primary 
metals


(%)


Paper 
and pulp


(%)
Chemicals


(%)


Food and 
beverages


(%)
Textiles


(%)


Year 1990 2001 1990 2001 2001 2001 2001 2001 2001


1.   OECD North America 3100 2600 0.20 0.17 9 15 11 44 7


2.   OECD Pacific 2200 1700 0.15 0.18 8 20 6 46 7


3.   Europe 5200 4800 0.18 0.17 9 22 9 40 7


4.  Countries in transition 3400 2400 0.15 0.21 13 8 6 50 14


5.   Sub-Saharan Africa 590 510 0.23 0.25 3 12 6 60 13


6.   North Africa 410 390 0.20 0.18 10 4 6 50 25


7.  Middle East 260 300 0.19 0.19 9 12 10 52 11


8.   Caribbean, Central and 
South America


1500 1300 0.23 0.24 5 11 8 61 11


9.   Developing countries, 
East Asia


8300 7700 0.14 0.16 11 14 10 36 15


10.  Developing countries, 
South Asia


1700 2000 0.18 0.16 5 7 6 42 35


Total for 1-4 (developed) 13900 11500


Total for 5-10 (developing) 12800 12200


Note: Percentages are included for major industrial sectors (all other sectors <10% of total BOD). 
Source: World Bank, 2005a.


Table 10.2: Regional and global 1990 and 2001 generation of high BOD industrial wastewaters often treated by municipal wastewater systems. 
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implemented in these countries due to historically low landfill 
tipping fees in many regions, negative public perceptions and 
high capital costs. In Japan, where open space is very limited 
for construction of waste management infrastructure, very high 
rates of both recycling and incineration are practised and are 
expected to continue into the future.  Historically, there have 
also been ‘semi-aerobic’ Japanese landfills with potential for 
N2O generation (Tsujimoto et al., 1994). Similar aerobic (with 
air) landfill practices have also been studied or implemented 
in Europe and the US for reduced CH4 generation rates as an 
alternative to, or in combination with, anaerobic (without air) 
practices (Ritzkowski and Stegmann, 2005). 


In many developing countries, current trends suggest 
that increases in controlled landfilling resulting in anaerobic 
decomposition of organic waste will be implemented in parallel 
with increased urbanization. For rapidly growing ‘mega 
cities’, engineered landfills provide a waste disposal solution 
that is more environmentally acceptable than open dumpsites 
and uncontrolled burning of waste. There are also persuasive 
public health reasons for implementing controlled landfilling 
– urban residents produce more solid waste per capita than 
rural inhabitants, and large amounts of uncontrolled refuse 
accumulating in areas of high population density are linked 
to vermin and disease (Christensen, 1989). The process of 
converting open dumping and burning to engineered landfills 
implies control of waste placement, compaction, the use of 
cover materials, implementation of surface water diversion 
and drainage, and management of leachate and gas, perhaps 
applying an intermediate level of technology consistent 
with limited financial resources (Savage et al., 1998). These 
practices shift the production of CO2 (by burning and aerobic 
decomposition) to anaerobic production of CH4. This is largely 
the same transition that occurred in many developed countries in 
the 1950–1970 time frame. Paradoxically, this results in higher 
rates of CH4 generation and emissions than previous open-
dumping and burning practices. In addition, many developed 
and developing countries have historically implemented large-
scale aerobic composting of waste. This has often been applied 
to mixed waste, which, in practice, is similar to implementing 
an initial aerobic MBT process. However, source-separated 
biodegradable waste streams are preferable to mixed waste 
in order to produce higher quality compost products for 
horticultural and other uses (Diaz et al., 2002; Perla, 1997). In 
developing countries, composting can provide an affordable, 
sustainable alternative to controlled landfilling, especially 
where more labour-intensive lower technology strategies 
are applied to selected biodegradable wastes (Hoornweg 
et al., 1999).  It remains to be seen if mechanized recycling 
and more costly alternatives such as incineration and MBT 
will be widely implemented in developing countries. Where 
decisions regarding waste management are made at the local 
level by communities with limited financial resources seeking 
the least-cost environmentally acceptable solution – often this 
is landfilling or composting (Hoornweg, 1999; Hoornweg et 
al., 1999; Johannessen and Boyer, 1999).  Accelerating the 


introduction of landfill gas extraction and utilization can mitigate 
the effect of increased CH4 generation at engineered landfills. 
Although Kyoto mechanisms such as CDM and JI have already 
proven useful in this regard, the post-2012 situation is unclear.


With regard to wastewater trends, a current priority in 
developing countries is to increase the historically low rates of 
wastewater collection and treatment. One of the Millennium 
Development Goals (MDGs) is to reduce by 50% the number 
of people without access to safe sanitation by 2015. One 
strategy may be to encourage more on-site sanitation rather 
than expensive transport of sewerage to centralized treatment 
plants: this strategy has been successful in Dakar, Senegal, at 
the cost of about 400 US$ per household. It has been estimated 
that, for sanitation, the annual investment must increase from 
4 billion US$ to 18 billion US$ to achieve the MDG target, 
mostly in East Asia, South Asia and Sub-Saharan Africa (World 
Bank, 2005a). 


10.3    Emission trends


10.3.1 Global overview 


Quantifying global trends requires annual national data on 
waste production and management practices. Estimates for many 
countries are uncertain because data are lacking, inconsistent or 
incomplete; therefore, the standardization of terminology for 
national waste statistics would greatly improve data quality for 
this sector. Most developing countries use default data on waste 
generation per capita with inter-annual changes assumed to be 
proportional to total or urban population. Developed countries 
use more detailed methodologies, activity data and emission 
factors, as well as national statistics and surveys, and are sharing 
their methods through bilateral and multilateral initiatives. 


For landfill CH4, the largest GHG emission from the waste 
sector, emissions continue several decades after waste disposal; 
thus, the estimation of emission trends requires models that 
include temporal trends.  Methane is also emitted during 
wastewater transport, sewage treatment processes and leakages 
from anaerobic digestion of waste or wastewater sludges. 
The major sources of N2O are human sewage and wastewater 
treatment. The CO2 from the non-biomass portion of incinerated 
waste is a small source of GHG emissions. The IPCC 2006 
Guidelines also provide methodologies for CO2, CH4 and N2O 
emissions from open burning of waste and for CH4 and N2O 
emissions from composting and anaerobic digestion of biowaste. 
Open burning of waste in developing countries is a significant 
local source of air pollution, constituting a health risk for nearby 
communities.  Composting and other biological treatments emit 
very small quantities of GHGs but were included in 2006 IPCC 
Guidelines for completeness. 
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Overall, the waste sector contributes <5% of global GHG 
emissions. Table 10.3 compares estimated emissions and trends 
from two studies: US EPA (2006) and Monni et al. (2006). The 
US EPA (2006) study collected data from national inventories 
and projections reported to the United Nations Framework 
Convention on Climate Change (UNFCCC) and supplemented 
data gaps with estimates and extrapolations based on IPCC 
default data and simple mass balance calculations using the 
1996 IPCC Tier 1 methodology for landfill CH4. Monni et 
al. (2006) calculated a time series for landfill CH4 using the 
first-order decay (FOD) methodology and default data in the 
2006 IPCC Guidelines, taking into account the time lag in 
landfill emissions compared to year of disposal. The estimates 
by Monni et al. (2006) are lower than US EPA (2006) for the 
period 1990–2005 because the former reflect slower growth in 
emissions relative to the growth in waste. However, the future 
projected growth in emissions by Monni et al. (2006) is higher, 
because recent European decreases in landfilling are reflected 
more slowly in the future projections. For comparison, the 
reported 1995 CH4 emissions from landfills and wastewater 
from national inventories were approximately 1000 MtCO2eq 
(UNFCCC, 2005).  In general, data from Non-Annex I countries 
are limited and usually available only for 1994 (or 1990).   In the 
TAR, annual global CH4 and N2O emissions from all sources 
were approximately 600 Tg CH4/yr and 17.7 Tg N/yr as N2O 
(IPCC, 2001b). The direct comparison of reported emissions in 
Table 10.3 with the SRES A1 and B2 scenarios (Nakicenovic 
et al., 2000) for GHG emissions from waste is problematical: 
the SRES do not include landfill-gas recovery (commercial 
since 1975) and project continuous increases in CH4 emissions 
based only on population increases to 2030 (AIB-AIM) or 2100 
(B2-MESSAGE), resulting in very high emission estimates of 
>4000 MtCO2-eq/yr for 2050. 


Table 10.3 indicates that total emissions have historically 
increased and will continue to increase (Monni et al., 2006; 
US EPA, 2006; see also Scheehle and Kruger, 2006). However, 
between 1990 and 2003, the percentage of total global GHG 


emissions from the waste sector declined 14–19% for Annex 
I and EIT countries (UNFCCC, 2005). The waste sector 
contributed 2–3% of the global GHG total for Annex I and 
EIT countries for 2003, but a higher percentage (4.3%) for 
non-Annex I countries (various reporting years from 1990–
2000) (UNFCCC, 2005). In developed countries, landfill CH4 
emissions are stabilizing due to increased landfill CH4 recovery, 
decreased landfilling, and decreased waste generation as a result 
of local waste management decisions including recycling, local 
economic conditions and policy initiatives. On the other hand, 
rapid increases in population and urbanization in developing 
countries are resulting in increases in GHG emissions from 
waste, especially CH4 from landfills and both CH4 and N2O 
from wastewater.  CH4 emissions from wastewater alone are 
expected to increase almost 50% between 1990 and 2020, 
especially in the rapidly developing countries of Eastern and 
Southern Asia (US EPA, 2006; Table 10.3).  Estimates of global 
N2O emissions from wastewater are incomplete and based only 
on human sewage treatment, but these indicate an increase of 
25% between 1990 and 2020 (Table 10.3). It is important to 
emphasize, however, that these are business-as-usual (BAU) 
scenarios, and actual emissions could be much lower if 
additional measures are in place. Future reductions in emissions 
from the waste sector will partially depend on the post-2012 
availability of Kyoto mechanisms such the CDM and JI.


Uncertainties for the estimates in Table 10.3 are difficult to 
assess and vary by source. According to 2006 IPCC Guidelines 
(IPCC, 2006), uncertainties can range from 10–30% (for 
countries with good annual waste data) to more than twofold (for 
countries without annual data). The use of default data and the 
Tier 1 mass balance method (from 1996 inventory guidelines) 
for many developing countries would be the major source of 
uncertainty in both the US EPA (2006) study and reported GHG 
emissions (IPCC, 2006). Estimates by Monni et al. (2006) were 
sensitive to the relationship between waste generation and GDP, 
with an estimated range of uncertainty for the baseline for 2030 
of –48% to +24%. Additional sources of uncertainty include 


Table 10.3: Trends for GHG emissions from waste using (a) 1996 and (b) 2006 IPCC inventory guidelines, extrapolations, and projections (MtCO2-eq, rounded)


Source 1990 1995 2000 2005 2010 2015 2020 2030 2050


Landfill CH4
a 760 770 730 750 760 790 820


Landfill CH4
b 340 400 450 520 640 800 1000 1500 2900


Landfill CH4
(average of a and b)


550 585 590 635 700 795 910


Wastewater CH4
a 450 490 520 590 600 630 670


Wastewater N2Oa 80 90 90 100 100 100 100


Incineration CO2
b 40 40 50 50 60 60 60 70 80


Total GHG emissions 1120 1205 1250 1345 1460 1585 1740


Notes: Emissions estimates and projections as follows: 
a Based on reported emissions from national inventories and national communications, and (for non-reporting countries) on 1996 inventory guidelines and extrapola-
tions (US EPA, 2006).
b Based on 2006 inventory guidelines and BAU projection (Monni et al., 2006).
Total includes landfill CH4 (average), wastewater CH4, wastewater N2O and incineration CO2. 
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the use of default data for waste generation, plus the suitability 
of parameters and chosen methods for individual countries. 
However, although country-specific uncertainties may be large, 
the uncertainties by region and over time are estimated to be 
smaller.
 


10.3.2 Landfill CH4: regional trends 


Landfill CH4 has historically been the largest source of 
GHG emissions from the waste sector. The growth in landfill 
emissions has diminished during the last 20 years due to 
increased rates of landfill CH4 recovery in many countries 
and decreased rates of landfilling in the EU. The recovery and 
utilization of landfill CH4 as a source of renewable energy was 
first commercialized in 1975 and is now being implemented 
at >1150 plants worldwide with emission reductions of >105 
MtCO2-eq/yr (Willumsen, 2003; Bogner and Matthews, 2003). 
This number should be considered a minimum because there 
are also many sites that recover and flare landfill gas without 
energy recovery. Figure 10.5 compares regional emissions 
estimates for five-year intervals from 1990–2020 (US EPA, 
2006) to annual historical estimates from 1971–2002 (Bogner 
and Matthews, 2003). The trends converge for Europe and the 
OECD Pacific, but there are differences for North America and 
Asia related to differences in methodologies and assumptions.


 


A comparison of the present rate of landfill CH4 recovery 
to estimated global emissions (Table 10.3) indicates that the 
minimum recovery and utilization rates discussed above (>105 
MtCO2-eq yr) currently exceed the average projected increase 
from 2005 to 2010. Thus, it is reasonable to state that landfill 
CH4 recovery is beginning to stabilize emissions from this 
source. A linear regression using historical data from the early 
1980s to 2003 indicates a conservative growth rate for landfill 
CH4 utilization of approximately 5% per year (Bogner and 
Matthews, 2003). For the EU-15, trends indicate that landfill 
CH4 emissions are declining substantially. Between 1990 and 
2002, landfill CH4 emissions decreased by almost 30% (Deuber 
et al., 2005) due to the early implementation of the landfill 
directive (1999/31/EC) and similar national legislation intended 
to both reduce the landfilling of biodegradable waste and 
increase landfill CH4 recovery at existing sites.  By 2010, GHG 
emissions from waste in the EU are projected to be more than 
50% below 1990 levels due to these initiatives (EEA, 2004).


For developing countries, as discussed in the previous 
section (10.3.1), rates of landfill CH4 emissions are expected 
to increase concurrently with increased landfilling. However, 
incentives such as the CDM can accelerate rates of landfill CH4 
recovery and use in parallel with improved landfilling practices. 
In addition, since substantial CH4 can be emitted both before 
and after the period of active gas recovery, sites should be 
encouraged, where feasible, to install horizontal gas collection 


Figure 10.5: Regional landfill CH4 emission trends (MtCO2-eq).


Notes: Includes a)  Annual historic emission trends from Bogner and Matthews (2003), extended through 2002; b) Emission estimates for five-year intervals from 
1990–2020 using 1996 inventory procedures, extrapolations and projections (US EPA, 2006).
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systems concurrent with filling and implement solutions to 
mitigate residual emissions after closure (such as landfill 
biocovers to microbially oxidize CH4—see section 10.4.2).


10.3.3 Wastewater and human sewage CH4 and  
 N2O: regional trends


CH4 and N2O can be produced and emitted during municipal 
and industrial wastewater collection and treatment, depending 
on transport, treatment and operating conditions. The resulting 
sludges can also microbially generate CH4 and N2O, which 
may be emitted without gas capture. In developed countries, 
these emissions are typically small and incidental because of 
extensive infrastructure for wastewater treatment, usually 
relying on centralized treatment. With anaerobic processes, 
biogas is produced and CH4 can be emitted if control measures 


are lacking; however, the biogas can also be used for process 
heating or onsite electrical generation. 


In developing countries, due to rapid population growth and 
urbanization without concurrent development of wastewater 
infrastructure, CH4 and N2O emissions from wastewater are 
generally higher than in developed countries. This can be seen 
by examining the 1990 estimated CH4 and N2O emissions 
and projected trends to 2020 from wastewater and human 
sewage (UNFCCC/IPCC, 2004; US EPA, 2006). However, 
data reliability for many developing countries is uncertain. 
Decentralized ‘natural’ treatment processes and septic tanks 
in developing countries may also result in relatively large 
emissions of CH4 and N2O, particularly in China, India and 
Indonesia where wastewater volumes are increasing rapidly 
with economic development (Scheehle and Doorn, 2003).


Notes: The US estimates include industrial wastewater and septic tanks, which are not reported by all developed countries.  
Source: UNFCCC/IPCC (2004)
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Figure 10.6b: Regional distribution of N2O emissions from human sewage in 1990 and 2020. See Table 10.3 for total emissions. 


Figure 10.6a: Regional distribution of CH4 emissions from wastewater and human sewage in 1990 and 2020. See Table 10.3 for total emissions. 
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The highest regional percentages for CH4 emissions from 
wastewater are from Asia (especially China, India).  Other 
countries with high emissions in their respective regions include 
Turkey, Bulgaria, Iran, Brazil, Nigeria and Egypt.   Total global 
emissions of CH4 from wastewater handling are expected to 
rise by more than 45% from 1990 to 2020 (Table 10.3) with 
much of the increase from the developing countries of East and 
South Asia, the middle East, the Caribbean, and Central and 
South America. The EU has projected lower emissions in 2020 
relative to 1990 (US EPA, 2006). 


The contribution of human sewage to atmospheric N2O 
is very low with emissions of 80–100 MtCO2-eq/yr during 
the period 1990–2020 (Table 10.3) compared to current total 
global anthropogenic N2O emissions of about 3500 MtCO2-eq 
(US EPA, 2006).  Emission estimates for N2O from sewage for 
Asia, Africa, South America and the Caribbean are significantly 
underestimated since limited data are available, but it is 
estimated that these countries accounted for >70% of global 
emissions in 1990 (UNFCCC/IPCC, 2004).  Compared with 
1990, it is expected that global emissions will rise by about 20% 
by 2020 (Table 10.3).  The regions with the highest relative 
N2O emissions are the developing countries of East Asia, the 
developing countries of South Asia, Europe and the OECD 
North America (Figure 10.6b).  Regions whose emissions are 
expected to increase the most by 2020 (with regional increases 
of 40 to 95%) are Africa, the Middle East, the developing 
countries of S and E Asia, the Caribbean, and Central and South 
America (US EPA, 2006).  The only regions expected to have 
lower emissions in 2020 relative to 1990 are Europe and the 
EIT Countries.  


10.3.4  CO2 from waste incineration


Compared to landfilling, waste incineration and other thermal 
processes avoid most GHG generation, resulting only in minor 
emissions of CO2 from fossil C sources, including plastics and 
synthetic textiles. Estimated current GHG emissions from waste 
incineration are small, around 40 MtCO2-eq/yr, or less than 
one tenth of landfill CH4 emissions. Recent data for the EU-15 
indicate CO2 emissions from incineration of about 9 MtCO2-
eq/yr (EIPPC Bureau, 2006). Future trends will depend on 
energy price fluctuations, as well as incentives and costs for 
GHG mitigation. Monni et al. (2006) estimated that incinerator 
emissions would grow to 80–230 MtCO2-eq/yr by 2050 (not 
including fossil fuel offsets due to energy recovery). 


Major contributors to this minor source would be the 
developed countries with high rates of incineration, including 
Japan (>70% of waste incinerated), Denmark and Luxembourg 
(>50% of waste), as well as France, Sweden, the Netherlands 
and Switzerland. Incineration rates are increasing in most 
European countries as a result of the EU Landfill Directive. 
In 2003, about 17% of municipal solid waste was incinerated 
with energy recovery in the EU-25 (Eurostat, 2003; Statistics 
Finland, 2005). More recent data for the EU-15 (EIPCC, 2006)  


indicate that 20–25% of the total municipal solid waste is 
incinerated at over 400 plants with an average capacity of about 
500 t/d (range of 170–1400 t/d). In the US, only about 14% 
of waste is incinerated (US EPA, 2005), primarily in the more 
densely populated eastern states. Thorneloe et al. (2002), using 
a life cycle approach, estimated that US plants reduced GHG 
emissions by 11 MtCO2-eq/yr when fossil-fuel offsets were 
taken into account. 


In developing countries, controlled incineration of waste is 
infrequently practised because of high capital and operating 
costs, as well as a history of previous unsustainable projects. 
The uncontrolled burning of waste for volume reduction in 
these countries is still a common practice that contributes to 
urban air pollution (Hoornweg, 1999). Incineration is also not 
the technology of choice for wet waste, and municipal waste 
in many developing countries contains a high percentage of 
food waste with high moisture contents. In some developing 
countries, however, the rate of waste incineration is increasing. 
In China, for example, waste incineration has increased rapidly 
from 1.7% of municipal waste in 2000 to 5% in 2005 (including 
67 plants). (Du et al., 2006a, 2006b; National Bureau of 
Statistics of China, 2006). 


10.4 Mitigation of post-consumer 
emissions from waste


10.4.1 Waste management and GHG-mitigation 
technologies 


A wide range of mature technologies is available to mitigate 
GHG emissions from waste. These technologies include 
landfilling with landfill gas recovery (reduces CH4 emissions), 
post-consumer recycling (avoids waste generation), composting 
of selected waste fractions (avoids GHG generation), and 
processes that reduce GHG generation compared to landfilling 
(thermal processes including incineration and industrial co-
combustion, MBT with landfilling of residuals, and anaerobic 
digestion). Therefore, the mitigation of GHG emissions from 
waste relies on multiple technologies whose application 
depends on local, regional and national drivers for both waste 
management and GHG mitigation. There are many appropriate 
low- to high-technology strategies discussed in this section 
(see Figure 10.7 for a qualitative comparison of technologies). 
At the ‘high technology’ end, there are also advanced thermal 
processes for waste such as pyrolysis and gasification, which 
are beginning to be applied in the EU, Japan and elsewhere. 
Because of variable feedstocks and high unit costs, these 
processes have not been routinely applied to mixed municipal 
waste at large scale (thousands of tonnes per day). Costs and 
potentials are addressed in Section 10.4.7. 
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10.4.2 CH4 management at landfills


Global CH4 emissions from landfills are estimated to be  
500–800 MtCO2-eq/yr (US EPA, 2006; Monni et al. 
2006; Bogner and Matthews 2003). However, direct field 
measurements of landfill CH4 emissions at small scale (<1m2) 
can vary over seven orders of magnitude (0.0001– >1000 g CH4 
/m2/d) depending on waste composition, cover materials, 
soil moisture, temperature and other variables (Bogner et al., 
1997a). Results from a limited number of whole landfill CH


4
 


emissions measurements in Europe, the US and South Africa 
are in the range of about 0.1–1.0 tCH4/ha/d (Nozhevnikova et 
al., 1993; Oonk and Boom, 1995; Borjesson, 1996; Czepiel et 
al., 1996; Hovde et al., 1995; Mosher et al., 1999; Tregoures et 
al., 1999; Galle et al., 2001; Morris, 2001; Scharf et al., 2002).


The implementation of an active landfill gas extraction 
system using vertical wells or horizontal collectors is the 
single most important mitigation measure to reduce emissions. 
Intensive field studies of the CH4 mass balance at cells with a 
variety of design and management practices have shown that 
>90% recovery can be achieved at cells with final cover and an 
efficient gas extraction system (Spokas et al., 2006). Some sites 
may have less efficient or only partial gas extraction systems and 


there are fugitive emissions from landfilled waste prior to and 
after the implementation of active gas extraction; thus estimates 
of ‘lifetime’ recovery efficiencies may be as low as 20% (Oonk 
and Boom, 1995), which argues for early implementation 
of gas recovery. Some measures that can be implemented to 
improve overall gas collection are installation of horizontal gas 
collection systems concurrent with filling, frequent monitoring 
and remediation of edge and piping leakages, installation of 
secondary perimeter extraction systems for gas migration and 
emissions control, and frequent inspection and maintenance 
of cover materials. Currently, landfill CH4 is being used to 
fuel industrial boilers; to generate electricity using internal 
combustion engines, gas turbines or steam turbines; and to 
produce a substitute natural gas after removal of CO2 and trace 
components. Although electrical output ranges from small 
30 kWe microturbines to 50 MWe steam turbine generators, 
most plants are in the 1–15 MWe range. Significant barriers to 
increased diffusion of landfill gas utilization, especially where 
it has not been previously implemented, can be local reluctance 
from electrical utilities to include small power producers 
and from gas utilities/pipeline companies to transport small 
percentages of upgraded landfill gas in natural gas pipelines.


Technology: Low to Intermediate Low to Intermediate High


Unit Cost: Low to Intermediate Low to Intermediate High
(per t waste)


Energy Negative to positive Negative to positive Negative to positive
Balance Composting: negative to zero MBT (aerobic): negative


MBT (anaerobic): positive
Anaerobic digestion: positive
Incineration: positive (highest)


Landfill CH4 utilization: positive


composting
of waste
fractions


incineration and
other thermal
processes


anaerobic digestion


waste diversion
through recycle
and reuse


waste prevention
and minimization


SOLID
WASTE
(post
consumer)


MBT*


+


landfilling


residual
landfilling


waste
collection


Figure 10.7: Technology gradient for waste management: major low- to high-technology options applicable to large-scale urban waste management 


Note: MBT=Mechanical Biological Treatment.
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A secondary control on landfill CH4 emissions is CH4 
oxidation by indigenous methanotrophic microorganisms in 
cover soils. Landfill soils attain the highest rates of CH4 oxidation 
recorded in the literature, with rates many times higher than 
in wetland settings.  CH4 oxidation rates at landfills can vary 
over several orders of magnitude and range from negligible 
to 100% of the CH4 flux to the cover. Under circumstances of 
high oxidation potential and low flux of landfill CH4 from the 
landfill, it has been demonstrated that atmospheric CH4 may 
be oxidized at the landfill surface (Bogner et al., 1995; 1997b; 
1999; 2005; Borjesson and Svensson, 1997b). In such cases, 
the landfill cover soils function as a sink rather than a source of 
atmospheric CH4. The thickness, physical properties moisture 
content, and temperature of cover soils directly affect oxidation, 
because rates are limited by the transport of CH4 upward from 
anaerobic zones and O2 downward from the atmosphere. 
Laboratory studies have shown that oxidation rates in landfill 
cover soils may be as high as 150–250 g CH


4
/m2/d (Kightley 


et al., 1995; de Visscher et al., 1999). Recent field studies have 
demonstrated that oxidation rates can be greater than 200 g/
m2/d in thick, compost-amended ‘biocovers’ engineered to 
optimize oxidation (Bogner et al., 2005; Huber-Humer, 2004). 
The prototype biocover design includes an underlying coarse-
grained gas distribution layer to provide more uniform fluxes 
to the biocover above (Huber-Humer, 2004). Furthermore, 
engineered biocovers have been shown to effectively oxidize 
CH4 over multiple annual cycles in northern temperate climates 
(Humer-Humer, 2004). In addition to biocovers, it is also 
possible to design passive or active methanotrophic biofilters 
to reduce landfill CH4 emissions (Gebert and Gröngröft, 2006; 
Streese and Stegmann, 2005). In field settings, stable C isotopic 
techniques have proven extremely useful to quantify the fraction 
of CH4 that is oxidized in landfill cover soils (Chanton and 
Liptay, 2000; de Visscher et al., 2004; Powelson et al., 2007). 
A secondary benefit of CH4 oxidation in cover soils is the co-
oxidation of many non-CH4 organic compounds, especially 
aromatic and lower chlorinated compounds, thereby reducing 
their emissions to the atmosphere (Scheutz et al., 2003a).


Other measures to reduce landfill CH4 emissions include 
installation of geomembrane composite covers (required in 
the US as final cover); design and installation of secondary 
perimeter gas extraction systems for additional gas recovery; 
and implementation of bioreactor landfill designs so that the 
period of active gas production is compressed while early gas 
extraction is implemented.


Landfills are a significant source of CH4 emissions, but they 
are also a long-term sink for carbon (Bogner, 1992; Barlaz, 
1998. See Figure 10.1 and Box 10.1). Since lignin is recalcitrant 
and cellulosic fractions decompose slowly, a minimum of 50% 
of the organic carbon landfilled is not typically converted to 
biogas carbon but remains in the landfill (See references cited 
on Figure 10.1). Carbon storage makes landfilling a more 
competitive alternative from a climate change perspective, 
especially where landfill gas recovery is combined with energy 


use (Flugsrud et al. 2001; Micales and Skog, 1997; Pingoud et 
al. 1996; Pipatti and Savolainen, 1996; Pipatti and Wihersaari, 
1998). The fraction of carbon storage in landfills can vary over 
a wide range, depending on original waste composition and 
landfill conditions (for example, see Hashimoto and Moriguchi, 
2004 for a review addressing harvested wood products). 


10.4.3 Incineration and other thermal processes for 
waste-to-energy 


These processes include incineration with and without 
energy recovery, production of refuse-derived fuel (RDF), and 
industrial co-combustion (including cement kilns: see Onuma 
et al., 2004 and Section 7.3.3). Incineration reduces the mass of 
waste and can offset fossil-fuel use; in addition, GHG emissions 
are avoided, except for the small contribution from fossil carbon 
(Consonni et al., 2005). Incineration has been widely applied in 
many developed countries, especially those with limited space 
for landfilling such as Japan and many European countries. 
Globally, about 130 million tonnes of waste are annually 
combusted in >600 plants in 35 countries (Themelis, 2003).


Waste incinerators have been extensively used for more 
than 20 years with increasingly stringent emission standards 
in Japan, the EU, the US and other countries. Mass burning is 
relatively expensive and, depending on plant scale and flue-gas 
treatment, currently ranges from about 95–150 €/t waste (87–
140 US$/t) (Faaij et al., 1998; EIPPC Bureau, 2006). Waste-
to-energy plants can also produce useful heat or electricity, 
which improves process economics. Japanese incinerators have 
routinely implemented energy recovery or power generation 
(Japan Ministry of the Environment, 2006). In northern Europe, 
urban incinerators have historically supplied fuel for district 
heating of residential and commercial buildings. Starting in the 
1980s, large waste incinerators with stringent emission standards 
have been widely deployed in Germany, the Netherlands and 
other European countries. Typically such plants have a capacity 
of about 1 Mt waste/yr, moving grate boilers (which allow 
mass burning of waste with diverse properties), low steam 
pressures and temperatures (to avoid corrosion) and extensive 
flue gas cleaning to conform with EU Directive 2000/76/EC. In 
2002, European incinerators for waste-to-energy generated 41 
million GJ electrical energy and 110 million GJ thermal energy 
(Themelis, 2003). Typical electrical efficiencies are 15% to 
>20% with more efficient designs becoming available. In recent 
years, more advanced combustion concepts have penetrated the 
market, including fluidized bed technology.


10.4.4 Biological treatment including composting, 
anaerobic digestion, and MBT (Mechanical 
Biological Treatment)


Many developed and developing countries practise  
composting and anaerobic digestion of mixed waste or 
biodegradable waste fractions (kitchen or restaurant wastes, 
garden waste, sewage sludge). Both processes are best applied 
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to source-separated waste fractions: anaerobic digestion is 
particularly appropriate for wet wastes, while composting is 
often appropriate for drier feedstocks. Composting decomposes 
waste aerobically into CO2, water and a humic fraction; 
some carbon storage also occurs in the residual compost (see 
references on Figure 10.1). Composting can be sustainable at 
reasonable cost in developing countries; however, choosing 
more labour-intensive processes over highly mechanized 
technology at large scale is typically more appropriate and 
sustainable; Hoornweg et al. (1999) give examples from India 
and other countries. Depending on compost quality, there 
are many potential applications for compost in agriculture, 
horticulture, soil stabilization and soil improvement (increased 
organic matter, higher water-holding capacity) (Cointreau, 
2001). However, CH4 and N2O can both be formed during 
composting by poor management and the initiation of semi-
aerobic (N2O) or anaerobic (CH4) conditions; recent studies 
also indicate potential production of CH4 and N2O in well-
managed systems (Hobson et al., 2005). 


Anaerobic digestion produces biogas (CH4 + CO2) and 
biosolids. In particular, Denmark, Germany, Belgium and 
France have implemented anaerobic digestion systems for 
waste processing, with the resulting biogas used for process 
heating, onsite electrical generation and other uses. Minor 
quantities of CH4 can be vented from digesters during start-ups, 
shutdowns and malfunctions. However, the GHG emissions 
from controlled biological treatment are small in comparison to 
uncontrolled CH4 emissions from landfills without gas recovery 
(e.g. Petersen et al. 1998; Hellebrand 1998; Vesterinen 1996; 
Beck-Friis, 2001; Detzel et al. 2003). The advantages of 
biological treatment over landfilling are reduced volume and 
more rapid waste stabilization. Depending on quality, the 
residual solids can be recycled as fertilizer or soil amendments, 
used as a CH4-oxidizing biocovers on landfills (Barlaz et al., 
2004; Huber-Humer, 2004), or landfilled at reduced volumes 
with lower CH4 emissions.


Mechanical biological treatment (MBT) of waste is now 
being widely implemented in Germany, Austria, Italy and other 
EU countries. In 2004, there were 15 facilities in Austria, 60 in 
Germany and more than 90 in Italy; the total throughput was 
approximately 13 million tonnes with larger plants having a 
capacity of 600–1300 tonnes/day (Diaz et al., 2006). Mixed 
waste is subjected to a series of mechanical and biological 
operations to reduce volume and achieve partial stabilization of 
the organic carbon. Typically, mechanical operations (sorting, 
shredding, crushing) first produce a series of waste fractions for 
recycling or for subsequent treatment (including combustion or 
secondary biological processes). The biological steps consist of 
either aerobic composting or anaerobic digestion. Composting 
can occur either in open windrows or in closed buildings with 
gas collection and treatment. In-vessel anaerobic digestion 
of selected organic fractions produces biogas for energy use. 
Compost products and digestion residuals can have potential 
horticultural or agricultural applications; some MBT residuals 


are landfilled, or soil-like residuals can be used as landfill 
cover. Under landfill conditions, residual materials retain some 
potential for CH4 generation (Bockreis and Steinberg, 2005). 
Reductions of as much as 40–60% of the original organic 
carbon are possible with MBT (Kaartinen, 2004). Compared 
with landfilling, MBT can theoretically reduce CH4 generation 
by as much as 90% (Kuehle-Weidemeier and Doedens, 2003). 
In practice, reductions are smaller and dependent on the specific 
MBT processes employed (see Binner, 2002). 


10.4.5 Waste reduction, re-use and recycling 


Quantifying the GHG-reduction benefits of waste 
minimization, recycling and re-use requires the application 
of LCA tools (Smith et al., 2001). Recycling reduces GHG 
emissions through lower energy demand for production 
(avoided fossil fuel) and by substitution of recycled feedstocks 
for virgin materials. Efficient use of materials also reduces 
waste. Material efficiency can be defined as a reduction in 
primary materials for a particular purpose, such as packaging 
or construction, with no negative impact on existing human 
activities. At several stages in the life cycle of a product, 
material efficiency can be increased by more efficient design, 
material substitution, product recycling, material recycling and 
quality cascading (use of recycled material for a secondary 
product with lower quality demands). Both material recycling 
and quality cascading occur in many countries at large scale 
for metals recovery (steel, aluminium) and recycling of paper, 
plastics and wood. All these measures lead to indirect energy 
savings, reductions in GHG emissions, and avoidance of GHG 
generation. This is especially true for products resulting from 
energy-intensive production processes such as metals, glass, 
plastic and paper (Tuhkanen et al., 2001). 


The magnitude of avoided GHG-emissions benefits from 
recycling is highly dependent on the specific materials involved, 
the recovery rates for those materials, the local options for 
managing materials, and (for energy offsets) the specific fossil 
fuel avoided (Smith et al., 2001). Therefore, existing studies 
are often not comparable with respect to the assumptions and 
calculations employed. Nevertheless, virtually all developed 
countries have implemented comprehensive national, regional 
or local recycling programmes. For example, Smith et al. 
(2001) thoroughly addressed the GHG-emission benefits from 
recycling across the EU, and Pimenteira et al. (2004) quantified 
GHG emission reductions from recycling in Brazil. 


10.4.6 Wastewater and sludge treatment


There are many available technologies for wastewater 
management, collection, treatment, re-use and disposal, 
ranging from natural purification processes to energy-intensive 
advanced technologies. Although decision-making tools are 
available that include environmental trade-offs and costs (Ho, 
2000), systematic global studies of GHG-reduction potentials 
and costs for wastewater are still needed. When efficiently 







603


Chapter 10 Waste Management


applied, wastewater transport and treatment technologies 
reduce or eliminate GHG generation and emissions; in addition, 
wastewater management promotes water conservation by 
preventing pollution, reducing the volume of pollutants, and 
requiring a smaller volume of water to be treated. Because 
the size of treatment systems is primarily governed by the 
volume of water to be treated rather than the mass loading 
of nitrogen and other pollutants, smaller volumes mean that 
smaller treatment plants with lower capital costs can be more 
extensively deployed. Wastewater collection and transport 
includes conventional (deep) sewerage and simplified (shallow) 
sewerage. Deep sewerage in developed countries has high 
capital and operational costs. Simplified (shallow) sewerage in 
both developing and developed countries uses smaller-diameter 
piping and shallower excavations, resulting in lower capital 
costs (30–50%) than deep systems.


Wastewater treatment removes pollutants using a variety 
of technologies. Small wastewater treatment systems include 
pit latrines, composting toilets and septic tanks. Septic tanks 
are inexpensive and widely used in both developed and 
developing countries. Improved on-site treatment systems 
used in developing countries include inverted trench systems 
and aerated treatment units. More advanced treatment systems 
include activated sludge treatment, trickling filters, anaerobic 
or facultative lagoons, anaerobic digestion and constructed 
wetlands. Depending on scale, many of these systems have been 
used in both developed and developing countries. Activated 
sludge treatment is considered the conventional method for 
large-scale treatment of sewage. In addition, separation of black 
water and grey water can reduce the overall energy requirements 
for treatment (UNEP/GPA-UNESCO/IHE, 2004). Pretreatment 
or limitation of industrial wastes is often necessary to limit 
excessive pollutant loads to municipal systems, especially 
when wastewaters are contaminated with heavy metals. Sludges 
(or biosolids) are the product of most wastewater treatment 
systems. Options for sludge treatment include stabilization, 
thickening, dewatering, anaerobic digestion, agricultural re-
use, drying and incineration. The use of composted sludge as a 
soil conditioner in agriculture and horticulture recycles carbon, 
nitrogen and phosphorus (and other elements essential for plant 
growth). Heavy metals and some toxic chemicals are difficult 
to remove from sludge; either the limitation of industrial inputs 
or wastewater pretreatment is needed for agricultural use of 
sludges. Lower quality uses for sludge may include mine site 
rehabilitation, highway landscaping, or landfill cover (including 
biocovers). Some sludges are landfilled, but this practice may 
result in increased volatile siloxanes and H2S in the landfill gas. 
Treated wastewater can either be re-used or discharged, but re-
use is the most desirable option for agricultural and horticultural 
irrigation, fish aquaculture, artificial recharge of aquifers, or 
industrial applications. 


10.4.7 Waste management and mitigation costs and 
potentials


In the waste sector, it is often not possible to clearly separate 
costs for GHG mitigation from costs for waste management.  In 
addition, waste management costs can exhibit high variability 
depending on local conditions. Therefore the baseline and cost 
assumptions, local availability of technologies, and economic 
and social development issues for alternative waste management 
strategies need to be carefully defined.  An older study by de 
Jager and Blok (1996) assumed a 20-year project life to compare 
the cost-effectiveness of various options for mitigating CH4 
emissions from waste in the Netherlands, with costs ranging 
from –2 US$/tCO2-eq for landfilling with gas recovery and on-
site electrical generation to >370 US$/tCO2-eq for incineration. 
In general, for landfill CH4 recovery and utilization, project 
economics are highly site-specific and dependent on the financial 
arrangements as well as the distribution of benefits, risks and 
responsibilities among multiple partners. Some representative 
unit costs for landfill-gas recovery and utilization (all in 
2003 US$/kW installed power) are: 200–400 for gas collection; 
200–300 for gas conditioning (blower/compressor, dehydration, 
flare); 850–1200 for internal combustion engine/generator; and 
250–350 for planning and design (Willumsen, 2003).


Smith et al. (2001) highlighted major cost differences 
between EU member states for mitigating GHG emissions 
from waste. Based on fees (including taxes) for countries with 
data, this study compared emissions and costs for various waste 
management practices with respect to direct GHG emissions, 
carbon sequestration, transport emissions, avoided emissions 
from recycling due to material and energy savings, and avoided 
emissions from fossil-fuel substitution via thermal processes 
and biogas (including landfill gas). Recycling costs are highly 
dependent on the waste material recycled. Overall, the financial 
success of any recycling venture is dependent on the current 
market value of the recycled products. The price obtained 
for recovered materials is typically lower than separation/
reprocessing costs, which can be, in turn, higher than the 
cost of virgin materials – thus recycling activities usually 
require subsidies (except for aluminium and paper recycling). 
Recycling, composting and anaerobic digestion can provide 
large potential emission reductions, but further implementation 
is dependent on reducing the cost of separate collection (10–
400 €/t waste (9–380 US$/t)) and, for composting, establishing 
local markets for the compost product. Costs for composting 
can range from 20–170 €/t waste (18–156 US$/t) and are 
typically 35 €/t waste (32 US$/t) for open-windrow operations 
and 50 €/t waste (46 US$/t) for in-vessel processes. When 
the replaced fossil fuel is coal, both mass incineration and 
co-combustion offer comparable and less expensive GHG-
emission reductions compared to recycling (averaging 64 €/t 
waste (59 US$/t), with a range of 30–150 €/t (28–140 US$/t)). 
Landfill disposal is the most inexpensive waste management 
option in the EU (averaging 56 €/t waste (52 US$/t), ranging 
from 10–160 €/t waste (9–147 US$/t), including taxes), but it is 







604


Waste Management Chapter 10


also the largest source of GHG emissions. With improved gas 
management, landfill emissions can be significantly reduced at 
low cost. However, landfilling costs in the EU are increasing 
due to increasingly stringent regulations, taxes and declining 
capacity. Although there is only sparse information regarding 
MBT costs, German costs are about 90 €/t waste (83 US$/t, 
including landfill disposal fees); recent data suggest that, in 
the future, MBT may become more cost-competitive with 
landfilling and incineration. 


Costs and potentials for reducing GHG emissions from 
waste are usually based on landfill CH4  as the baseline (Bates 
and Haworth, 2001; Delhotal et al. 2006; Monni et al. 2006; 
Nakicenovic et al., 2000; Pipatti and Wihersaari 1998). When 
reporting to the UNFCCC, most developed countries take the 
dynamics of landfill gas generation into account; however, most 
developing countries and non-reporting countries do not. Basing 
their study on reported emissions and projections, Delhotal et 
al. (2006) estimated break-even costs for GHG abatement from 
landfill gas utilization that ranged from about –20 to +70 US$/
tCO2-eq, with the lower value for direct use in industrial 
boilers and the higher value for on-site electrical generation. 
From the same study, break-even costs (all in US$/tCO2-eq) 
were approximately 25 for landfill-gas flaring; 240–270 for 
composting; 40–430 for anaerobic digestion; 360 for MBT and 
270 for incineration. These costs were based on the EMF-21 
study (US EPA, 2003), which assumed a 15-year technology 
lifetime, 10% discount rate and 40% tax rate. 


Compared to thermal and biological processes which only 
affect future emissions, landfill CH4 is generated from waste 
landfilled in previous decades, and gas recovery, in turn, reduces 
emissions from waste landfilled in previous years. Most existing 
studies for the waste sector do not consider these temporal 
issues. Monni et al. (2006) developed baseline and mitigation 
scenarios for solid waste management using the first order decay 
(FOD) methodology in the 2006 IPCC Guidelines, which takes 
into account the timing of emissions. The baseline scenario 
by Monni et al. (2006) assumed that: 1) waste generation will 
increase with growing population and GDP (using the same 
population and GDP data as SRES scenario A1b); 2) waste 
management strategies will not change significantly, and 3) 
landfill gas recovery and utilization will continue to increase at 
the historical rate of 5% per year in developed countries (Bogner 
and Matthews, 2003; Willumsen, 2003). Mitigation scenarios 
were developed for 2030 and 2050 which focus on increased 
landfill gas recovery, increased recycling, and increased 
incineration. In the increased landfill gas recovery scenario, 
recovery was estimated to increase 15% per year, with most of 
the increase in developing countries because of CDM or similar 
incentives (above baseline of current CDM projects). This 
growth rate is about triple the current rate and corresponds to a 
reasonable upper limit, taking into account the fact that recovery 
in developed countries has already reached high levels, so that 
increases would come mainly from developing countries, where 
current lack of funding is a barrier to deployment. Landfill gas 


recovery was capped at 75% of estimated annual CH4 generation 
for developed countries and 50% for developing countries in 
both the baseline and increased landfill gas recovery scenarios. 
In the increased incineration scenario, incineration grew 5% 
each year in the countries where waste incineration occurred in 
2000. For OECD countries where no incineration took place in 
2000, 1% of the waste generated was assumed to be incinerated 
in 2012. In non-OECD countries, 1% waste incineration was 
assumed to be reached only in 2030. The maximum rate of 
incineration that could be implemented was 85% of the waste 
generated. The increased recycling scenario assumed a growth 
in paper and cardboard recycling in all parts of the world using 
a technical maximum of 60% recycling (CEPI, 2003). This 
maximum was assumed to be reached in 2050. In the mitigation 
scenarios, only direct emission reductions compared to the 
baseline CH4 emissions from landfills were estimated – thus 
avoided emissions from recycled materials, reduced energy 
use, or fossil fuel offsets were not included. In the baseline 
scenario (Figure 10.8), emissions increase threefold during 
the period from 1990 to 2030 and more than fivefold by 2050. 
These growth rates do not include current or planned legislation 
relating to either waste minimization or landfilling – thus future 
emissions may be overestimated. Most of the increase comes 
from non-OECD countries whose current emissions are smaller 
because of lower waste generation and a higher percentage of 
waste degrading aerobically. The mitigation scenarios show 
that reductions by individual measures in 2030 range from 5–
20% of total emissions and increase proportionally with time. 
In 2050, the corresponding range is approximately 10–30%. 
As the measures in the scenarios are largely additive, total 
mitigation potentials of approximately 30% in 2030 and 50% 
in 2050 are projected relative to the baseline. Nevertheless, the 
estimated abatement potential is not capable of mitigating the 
growth in emissions. 


The baseline emission estimates in the Delhotal et al. (2006) 
study are based on similar assumptions to the Monni et al. 
(2006) study: population and GDP growth with increasing 
amounts of landfilled waste in developing countries. Baselines 
also include documented or expected changes in disposal 
rates due to composting and recycling, as well as the effects 
of landfill-gas recovery. In Delhotal et al. (2006), emissions 
increase by about 30% between 2000 and 2020; therefore, the 
growth in emissions to 2020 is more moderate than in Monni 
et al. (2006). This more moderate growth can be attributed to 
the inclusion of current and planned policies and measures to 
reduce emissions, plus the fact that historical emissions from 
prior landfilled waste were only partially considered.


Scenario development in both studies was complemented 
with estimates on maximum mitigation potentials at given 
marginal cost levels using the baseline scenarios as the starting 
point. Monni et al. (2006) derived annual regional waste-
generation estimates for the Global Times model by using static 
aggregate emission coefficients calibrated to regional FOD 
models. Some modifications to the assumptions used in the 
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scenario development were also made; for example, recycling 
was excluded due to its economic complexity, biological 
treatment was included and the technical efficiency of landfill-
gas recovery was assumed the same in all regions (75%). Cost 
data were taken from various sources (de Feber & Gielen, 2000; 
OECD, 2004; Hoornweg, 1999). 


As in the EMF-21 study (US EPA, 2003), both Delhotal et al. 
(2006) and Monni et al. (2006) assumed the same capital costs 
for all regions, but used regionalized labour costs for operations 
and maintenance.


Delhotal et al. (2006) and Monni et al. (2006) both conclude 
that substantial emission reductions can be achieved at low or 
negative costs (see Table 10.4). At higher costs, more significant 
reductions would be possible (more than 80% of baseline 
emissions) with most of the additional mitigation potential 
coming from thermal processes for waste-to-energy. Since 
combustion of waste results in minor fossil CO2 emissions, 
these were considered in the calculations, but Table 10.4 only 
includes emissions reductions from landfill CH4. In general, 
direct GHG emission reductions from implementation of thermal 
processes are much less than indirect reductions due to fossil 
fuel replacement, where that occurs. The emission reduction 
potentials for 2030 shown in Table 10.4 are assessed using a 
steady-state approach that can overestimate near-term annual 
reductions but gives more realistic values when integrated over 
time. 


The economic mitigation potentials for the year 2030 in 
Table 10.5 take the dynamics of landfill gas generation into 
account. These estimates are derived from the static, long-term 
mitigation potentials previously shown in Table 10.4 (Monni 
et al. 2006). The upper limits of the ranges assume that landfill 
disposal is limited in the coming years so that only 15% of the 
waste generated globally is landfilled after 2010. This would 
mean that by 2030 the maximum economic potential would 
be almost 70% of the global emissions (see Table 10.5). The 
lower limits of the table have been scaled down to reflect a 
more realistic timing of implementation in accordance with 
emissions in the high landfill gas recovery (HR) and increased 
incineration (II) scenarios (Monni et al., 2006). 


It must be emphasized that there are large uncertainties in 
costs and potentials for mitigation of GHG emissions from waste 
due to the uncertainty of waste statistics for many countries and 
emissions methodologies that are relatively unsophisticated. It 
is also important to point out that the cost estimates are global 
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Figure 10.8: Global CH4 emissions from landfills in baseline scenario compared 
to the following mitigation scenarios: increased incineration, CDM ending by 2012 
(end of the first Kyoto commitment period), increased recycling, and high landfill CH4 
recovery rates including continuation of CDM after 2012 (Monni et al., 2006). The 
emission reductions estimated in the mitigation scenarios are largely additional to 
2050. This figure also includes the US EPA (2006) baseline scenario for landfill CH4 
emissions from Delhotal et al. (2006).


US$/tCO2-equivalent


2020
(Delhotal et al., 
2006) 0 15 30 45 60


OECD 12% 40% 46% 67% 92%


EIT NA NA NA NA NA


Non-OECD NA NA NA NA NA


Global 12% 41% 50% 57% 88%


2030
(Monni et al., 2006) 0 10 20 50 100


OECD 48% 86% 89% 94% 95%


EIT 31% 80% 93% 99% 100%


Non-OECD 32% 38% 50% 77% 88%


Global 35% 53% 63% 83% 91%


a  The steady-state approach tends to overestimate the near-term annual reduction potential but gives more realistic results when integrated over time.


Table 10.4: Economic reduction potential for CH4 emissions from landfilled waste by level of marginal costs for 2020 and 2030 based on steady state modelsa. 
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averages and therefore not necessarily applicable to local 
conditions.


10.4.8 Fluorinated gases: end-of-life issues, data 
and trends in the waste sector


 
The CFCs and HCFCs regulated as ozone-depleting 


substances (ODS) under the Montreal Protocol can persist 
for many decades in post-consumer waste and occur as trace 
components in landfill gas (Scheutz et al., 2003). The HFCs 
regulated under the Kyoto Protocol are promoted as substitutions 
for the ODS. High global-warming potential (GWP) fluorinated 
gases have been used for more than 70 years; the most important 
are the chlorofluorocarbons (CFCs), hydrochlorofluorocarbons 
(HCFCs) and the hydrofluorocarbons (HFCs) with the existing 
bank of CFCs and HCFCs estimated to be >1.5 Mt and 0.75 Mt, 
respectively (TFFEoL, 2005; IPCC, 2005). These gases have 
been used as refrigerants, solvents, blowing agents for foams 
and as chemical intermediates. End-of-life issues in the waste 
sector are mainly relevant for the foams; for other products, 
release will occur during use or just after end-of-life. For the 
rigid foams, releases during use are small (Kjeldsen and Jensen, 
2001, Kjeldsen and Scheutz, 2003, Scheutz et al, 2003b), so most 
of the original content is still present at the end of their useful 
life. The rigid foams include polyurethane and polystyrene used 
as insulation in appliances and buildings; in these, CFC-11 and 
CFC-12 were the main blowing agents until the mid-1990s. 
After the mid-1990s, HCFC-22, HCFC-141b and HCFC-142b 
with HFC-134a have been used (CALEB, 2000). Considering 
that home appliances are the foam-containing product with the 
lowest lifetime (average maximum lifetime 15 years, TFFEoL, 
2005), a significant fraction of the CFC-11 in appliances has 
already entered waste management systems. Building insulation 
has a much longer lifetime (estimated to 30-80 years, Gamlen 
et al., 1986) and most of the fluorinated gases in building 
insulation have not yet reached the end of their useful life 
(TFFEoL, 2005). Daniel et al. (2007) discuss the uncertainties 
and some possible temporal trends for depletion of CFC-11 and 
CFC-12 banks. 


Consumer products containing fluorinated gases are managed 
in different ways. After 2001, landfill disposal of appliances 
was prohibited in the EU (IPCC, 2005),  resulting in appliance-
recycling facilities.  A similar system was established in Japan 
in 2001 (IPCC, 2005).  For other developed countries, appliance 
foams are often buried in landfills, either directly or following 
shredding and metals recycling.  For rigid foams, shredding 
results in an instantaneous release with the fraction released 
related to the final particle size (Kjeldsen and Scheutz, 2003). A 
recent study estimating CFC-11 releases after shredding at three 
American facilities showed that 60–90% of the CFC remains 
and is slowly released following landfill disposal (Scheutz et 
al., 2005a). In the US and other countries, appliances typically 
undergo mechanical recovery of ferrous metals with landfill 
disposal of residuals. A study has shown that 8–40% of the CFC-
11 is lost during segregation (Scheutz et al., 2002; Fredenslund 
et al., 2005). Then, during landfilling, the compactors shred 
residual foam materials and further enhance instantaneous 
gaseous releases. 


In the anaerobic landfill environment, some fluorinated gases 
may be biodegraded because CFCs and, to some extent, HCFCs 
can undergo dechlorination (Scheutz et al., 2003b). Potentially 
this may result in the production of more toxic intermediate 
degradation products (e.g., for CFC-11, the degradation products 
can be HCFC-21 and HCFC-31). However, recent laboratory 
experiments have indicated rapid CFC-11 degradation with 
only minor production of toxic intermediates (Scheutz et al., 
2005b). HFCs have not been shown to undergo either anaerobic 
or aerobic degradation. Thus, landfill attenuation processes may 
decrease emissions of some fluorinated gases, but not of others. 
However, data are entirely lacking for PFCs, and field studies 
are needed to verify that CFCs and HCFCs are being attenuated 
in situ in order to guide future policy decisions. 


Region
Projected emissions 


for 2030


Total economic mitigation 
potential (MtCO2-eq) 
at <100 US$/tCO2-eq


Economic mitigation potential (MtCO2-eq) at various cost categories
(US$/tCO2-eq)


<0 0-20 20-50 50-100


OECD 360 100-200 100-120 20-100 0-7 1


EIT 180 100 30-60 20-80 5 1-10


Non-OECD 960 200-700 200-300 30-100 0-200 0-70


Global 1500 400-1000 300-500 70-300 5-200 10-70


Table 10.5: Economic potential for mitigation of regional landfill CH4 emissions at various cost categories in 2030 (from estimates by Monni et al., 2006). See notes.


Notes:
1. Costs and potentials for wastewater mitigation are not available. 
2. Regional numbers are rounded to reflect the uncertainty in the estimates and may not equal global totals. 
3. Landfill carbon sequestration is not considered.
4. The timing of measures limiting landfill disposal affect the annual mitigation potential in 2030. The upper limits of the ranges given assume that landfill disposal 
is limited in the coming years to 15% of the waste generated globally. The lower limits correspond to the sum of the mitigation potential in the high recycling and 
increased incineration scenarios in the Monni et al. 2006 study.
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10.4.9 Air quality issues: NMVOCs and combustion 
emissions


Landfill gas contains trace concentrations of aromatic, 
chlorinated and fluorinated hydrocarbons, reduced sulphur gases 
and other species. High hydrocarbon destruction efficiencies 
are typically achieved in enclosed flares (>99%), which are 
recommended over lower-efficiency open flares. Hydrogen 
sulphide is mainly a problem at landfills which co-dispose large 
quantities of construction and demolition debris containing 
gypsum board.  Emissions of NOx can sometimes be a problem 
for permitting landfill gas engines in strict air quality regions. 


At landfill sites, recent field studies have indicated that 
NMVOC fluxes through final cover materials are very small with 
both positive and negative fluxes ranging from approximately 
10-8 to 10-4 g/m/d for individual species (Scheutz et al., 2003a; 
Bogner et al., 2003; Barlaz et al., 2004). In general, the 
emitted compounds consist of species recalcitrant to aerobic 
degradation (especially higher chlorinated compounds), while 
low to negative emissions (uptake from the atmosphere) are 
observed for species which are readily degradable in aerobic 
cover soils, such as the aromatics and vinyl chloride (Scheutz 
et al., 2003a).


Uncontrolled emissions resulting from waste incineration 
are not permitted in developed countries, and incinerators are 
equipped with advanced emission controls. Modern incinerators 
must meet stringent emission-control standards in Japan, the 
EU, the US and other developed countries (EIPPC Bureau, 
2006). For reducing incinerator emissions of volatile heavy 
metals and dioxins/dibenzofurans, the removal of batteries, 
other electronic waste and polyvinyl chloride (PVC) plastics is 
recommended prior to combustion (EIPPC Bureau, 2006). 


10.5 Policies and measures: waste 
management and climate 


GHG emissions from waste are directly affected by numerous 
policy and regulatory strategies that encourage energy recovery 
from waste, restrict choices for ultimate waste disposal, promote 
waste recycling and re-use, and encourage waste minimization. 
In many developed countries, especially Japan and the EU, 
waste-management policies are closely related to and integrated 
with climate policies. Although policy instruments within 
the waste sector consist mainly of regulations, there are also 
economic measures to promote recycling, waste minimization 
and selected waste management technologies. In industrialized 
countries, waste minimization and recycling are encouraged 
through both policy and regulatory drivers. In developing 
countries, major policies are aimed at restricting the uncontrolled 
dumping of waste. Table 10.6 provides an overview of policies 
and measures, some of which are discussed below. 


10.5.1 Reducing landfill CH4 emissions


There are two major strategies to reduce landfill CH4 
emissions: implementation of standards that require or 
encourage landfill CH4 recovery and a reduction in the quantity 
of biodegradable waste that is landfilled. In the US, landfill CH4 
emissions are regulated indirectly under the Clean Air Act (CAA) 
Amendments/New Source Performance Standards (NSPS) by 
applying a landfill-gas generation model, either measured or 
default mixing ratios for total non-methane organic compounds 
(NMOCs), and restricting the emissions of NMOCs. Larger 
quantities of landfill CH4 are also being annually recovered to 
both comply with air-quality regulations and provide energy, 
assisted by national tax credits and local renewable-energy/
green-power initiatives. As discussed above, the EU landfill 
directive (1999/31/EC) requires a phased reduction in landfilled 
biodegradable waste to 50% of 1995 levels by 2009 and 35% 
by 2016, as well as the collection and flaring of landfill gas at 
existing sites (Commission of the European Community, 2001). 
However, increases in the availability of landfill alternatives 
(recycling, composting, incineration, anaerobic digestion and 
MBT) are required to achieve these regulatory goals (Price, 
2001).


Landfill CH4 recovery has also been encouraged by 
economic and regulatory incentives. In the UK, for example, 
the Non Fossil Fuel Obligation, requiring a portion of electrical 
generation capacity from non-fossil sources, provided a major 
incentive for landfill gas-to-electricity projects during the 
1980s and 1990s. It has now been replaced by the Renewables 
Obligation. In the US, as mentioned above, the implementation 
of CAA regulations in the early 1990s provided a regulatory 
driver for gas recovery at large landfills; in parallel, the US 
EPA Landfill Methane Outreach Program provides technical 
support, tools and resources to facilitate landfill gas utilization 
projects in the US and abroad. Also, periodic tax credits in 
the US have provided an economic incentive for landfill gas 
utilization – for example, almost 50 of the 400+ commercial 
projects in the US started up in 1998, just before the expiration 
of federal tax credits.  A small US tax credit has again become 
available for landfill gas and other renewable energy sources; in 
addition, some states also provide economic incentives through 
tax structures or renewable energy credits and bonds. Other 
drivers include state requirements that a portion of electrical 
energy be derived from renewables, green-power programmes 
(which allow consumers to select renewable providers), regional 
programmes to reduce GHG emissions (the RGGI/ Regional 
GHG Initiative in the northeastern states; a state programme in 
California) and voluntary markets (such as the Chicago Climate 
Exchange with binding commitments by members to reduce 
GHG emissions). 


In non-Annex I countries, it is anticipated that landfill CH4 
recovery will increase significantly in the developing countries 
of Asia, South America and Africa during the next two decades 
as controlled landfilling is phased in as a major waste-disposal 
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strategy. Where this occurs in parallel with deregulated 
electrical markets and more decentralized electrical generation, 
it can provide a strong driver for increased landfill CH4 recovery 
with energy use. Significantly, both JI in the EIT countries and 
the recent availability of the Clean Development Mechanism 
(CDM) in developing countries are providing strong economic 
incentives for improved landfilling practices (to permit gas 
extraction) and landfill CH4 recovery. Box 10.2 summarizes the 
important role of landfill CH4 recovery within CDM and gives 
an example of a successful project in Brazil.


10.5.2 Incineration and other thermal processes for 
waste-to-energy


Thermal processes can efficiently exploit the energy value 
of post-consumer waste, but the high cost of incineration with 


emission controls restricts its sustainable application in many 
developing countries. Subsidies for construction of incinerators 
have been implemented in several countries, usually combined 
with standards for energy efficiency (Austrian Federal 
Government, 2001; Government of Japan, 1997). Tax exemptions 
for electricity generated by waste incinerators (Government 
of the Netherlands, 2001) and for waste disposal with energy 
recovery (Government of Norway, 2002) have been adopted. 
In Sweden, it has been illegal to landfill pre-sorted combustible 
waste since 2002 (Swedish Environmental Protection Agency, 
2005). Landfill taxes have also been implemented in a number 
of EU countries to elevate the cost of landfilling to encourage 
more costly alternatives (incineration, industrial co-combustion, 
MBT). In the UK, the landfill tax has also been used as a funding 
mechanism for environmental and community projects, as 
discussed by Morris et al. (2000) and Grigg and Read (2001).


Policies and measures Activity affected GHG affected
Type of 
instruments


Reducing landfill CH4 emissions


Standards for landfill performance to reduce landfill 
CH4 emissions by capture and combustion of landfill 
gas with or without energy recovery


Management of landfill sites CH4 Regulation 
Economic Incentive


Reduction in biodegradable waste that is landfilled. Disposal of biodegradable waste CH4 Regulation


Promoting incineration and other thermal processes for waste-to-energy


Subsidies for construction of incinerator combined 
with standards for energy efficiency


Performance standards for incinerators CO2
CH4


Regulation


Tax exemption for electricity generated by waste 
incineration with energy recovery


Energy recovery from incineration of waste CO2
CH4


Economic incentive


Promoting waste minimization, re-use and recovery


Extended Producer Responsibility
(EPR)


Manufacture of products
Recovery of used products
Disposal of waste


CO2
CH4
Fluorinated gases


Regulation
Voluntary


Unit pricing / Variable rate pricing / Pay-as-you-throw 
(PAYT)


Recovery of used products
Disposal of waste


CO2
CH4


Economic incentive


Landfill tax Recovery of used products
Disposal of waste


CO2
CH4


Regulation


Separate collection and recovery of specific waste 
fractions


Recovery of used products
Disposal of waste


CO2
CH4


Subsidy


Promotion of the use of recycled products Manufacturing of products CO2
CH4


Regulation
Voluntary


Wastewater and sludge treatment


Collection of CH4 from wastewater treatment system Management of wastewater treatment 
system


CH4 Regulation
Voluntary


Post-consumer management of fluorinated gases


Substitutes for gases used commercially Production of fluorinated gases Fluorinated gases Regulation
Economic incentive
Voluntary


Collection of fluorinated gases from end-of-life 
products


Management of end-of-life products Fluorinated gases Regulation
Voluntary


JI and CDM in waste management sector


JI and CDM Landfill gas and biogas recovery CO2
CH4


Kyoto mechanism


Table 10.6: Examples of policies and measures for the waste management sector.
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10.5.3 Waste minimization, re-use and recycling


Widely implemented policies include Extended Producer 
Responsibility (EPR), unit pricing (or PAYT/Pay As You Throw) 
and landfill taxes. Waste reduction can also be promoted by 
recycling programmes, waste minimization and other measures 
(Miranda et al., 1994; Fullerton and Kinnaman, 1996). The 
EPR regulations extend producer responsibility to the post-
consumer period, thus providing a strong incentive to redesign 
products using fewer materials as well as those with increased 
recycling potential (OECD, 2001). Initially, EPR programmes 
were reported to be expensive (Hanisch, 2000), but the EPR 
concept is very broad: a number of successful schemes have 
been implemented in various countries for diverse waste 
fractions such as packaging waste, old vehicles and electronic 
equipment. EPR programmes range in complexity and cost, 
but waste reductions have been reported in many countries and 
regions. In Germany, the 1994 Closed Substance Cycle and 
Waste Management Act, other laws and voluntary agreements 
have restructured waste management over the past 15 years 
(Giegrich and Vogt, 2005). 


Unit pricing has been widely adopted to decrease landfilled 
waste and increase recycling (Miranda et al., 1996). Some 
municipalities have reported a secondary increase in waste 
generation after an initial decrease following implementation of 
unit pricing, but the ten-year sustainability of these programmes 
has been demonstrated (Yamakawa and Ueta, 2002). 


Separate and efficient collection of recyclable materials is 
needed with both PAYT and landfill tax systems. For kerbside 
programmes, the percentage recycled is related to the efficiency 
of kerbside collection and the duration of the programme 
(Jenkins et al., 2003). Other policies and measures include 
local subsidies and educational programmes for collection of 
recyclables, domestic composting of biodegradable waste and 
procurement of recycled products (green procurement). In 
the US, for example, 21 states have requirements for separate 
collection of garden (green) waste, which is diverted to 
composting or used as an alternative daily cover on landfills.


10.5.4 Policies and measures on fluorinated gases


The HFCs regulated under the Kyoto Protocol substitute 
for the ODS. A number of countries have adopted collection 
systems for products still in use based on voluntary agreements 
(Austrian Federal Government, 2001) or EPR regulations for 
appliances (Government of Japan, 2002). Both the EU and Japan 
have successfully prohibited landfill disposal of appliances 
containing ODS foams after 2001 (TFFEoL, 2005).


10.5.5 Clean Development Mechanism/Joint 
Implementation 


Because lack of financing is a major impediment to improved 
waste and wastewater management in EIT and developing 


countries, the JI and CDM have been useful mechanisms for 
obtaining external investment from industrialized countries. 
As described in Section 10.3, open dumping and burning are 
common waste disposal methods in many developing countries, 
where GHG emissions occur concurrently with odours, public 
health and safety problems, and environmental degradation. 
In addition, developing countries often do not have existing 
infrastructure for collection and treatment of municipal 
wastewaters. Thus, the benefits from JI and CDM are twofold: 
improving waste management practices and reducing GHG 
emissions. To date, CDM has assisted many landfill gas recovery 
projects (see Box 10.2) while improving landfill operations, 
because adequate cover materials are required to minimize 
air intrusion during gas extraction (to prevent internal landfill 
fires). The validation of CDM projects requires attention to 
baselines, additionality and other criteria contained in approved 
methodologies (Hiramatsu et al., 2003); however, for landfill 
gas CDM projects, certified emission reductions (CERs, with 
units of tCO2-eq) are determined directly from quantification 
of the CH4 captured and combusted. In many countries, the 
anaerobic digestion of wastewaters and sludges could produce 
a useful biogas for heating use or onsite electrical generation 
(Government of Japan, 1997; Government of Republic of 
Poland, 2001); such projects could also be suitable for JI and 
CDM. In the future, waste sector projects involving municipal 
wastewater treatment, carbon storage in landfills or compost, 
and avoided GHG emissions due to recycling, composting, 
or incineration could potentially be implemented pending the 
development of approved methodologies.  


10.5.6 Non-climate policies affecting GHG 
emissions from waste 


The EIT and many developing countries have implemented 
market-oriented structural reforms that affect GHG emissions. 
As GDP is a key parameter to predict waste generation 
(Daskalopoulos et al., 1998), economic growth affects the 
consumption of materials, the production of waste, and 
hence GHG emissions from the waste sector. Decoupling 
waste generation from economic and demographic drivers, 
or dematerialization, is often discussed in the context of 
sustainable development. Many developed countries have 
reported recent decoupling trends (OECD, 2002a), but the 
literature shows no absolute decline in material consumption 
in developed countries (Bringezu et al., 2004). In other words, 
solid waste generation does not support an environmental 
Kuznets curve (Dinda, 2004), because environmental problems 
related to waste are not fully internalized. In Asia, Japan and 
China are both encouraging ‘circular economy’ or ‘sound 
material-cycle society’ as a new development strategy, whose 
core concept is the circular (closed) flow of materials and the 
use of raw materials and energy through multiple phases (Japan 
Ministry of the Environment, 2003; Yuan et al., 2006). This 
approach is expected to achieve efficient economic growth 
while discharging fewer pollutants.
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In 2002, the Johannesburg Summit adopted the Millennium 
Development Goals to reduce the number of people without 
access to sanitation services by 50% via the financial, technical 
and capacity-building expertise of the international community. 
If achieved, the Johannesburg Summit goals would significantly 
reduce GHG emissions from wastewater. 


10.5.7 Co-benefits of GHG mitigation policies


Most policies and measures in the waste sector address 
broad environmental objectives, such as preventing pollution, 
mitigating odours, preserving open space and maintaining air, 
soil and water quality (Burnley, 2001). Thus, reductions in GHG 
emissions frequently occur as a co-benefit of regulations and 
policies not undertaken primarily for the purpose of climate-
change mitigation (Austrian Federal Government, 2001). For 


example, the EU Landfill Directive is primarily concerned with 
preventing pollution of water, soil and air (Burnley, 2001).


10.6 Long-term considerations and 
sustainable development 


10.6.1 Municipal solid waste management


GHG emissions from waste can be effectively mitigated 
by current technologies. Many existing technologies are also 
cost effective; for example, landfill gas recovery for energy 
use can be profitable in many developed countries. However, 
in developing countries, a major barrier to the diffusion of 
technologies is lack of capital – thus the CDM, which is 


Box 10.2: Significant role of landfill gas recovery for CDM projects: overview and example


As of late October 2006, 376 CDM projects had achieved registration. These include 33 landfill gas projects, which collectively 
total 12% of the annual average CERs (12 million of approximately 91 million CERs per year). (http://cdm.unfccc.int/Projects/
registered.html). The pie chart shows the distribution of landfill gas CERs by country. Most of these projects are located in 
Latin America and the Carribean region (72% of landfill gas CERs), dominated by Brazil (nine projects; 48% of CERs). Some 
projects are flaring gas, while others are using the gas for on-site electrical generation or direct-use projects (including 
leachate evaporation). Although eventual landfill gas utilization is desirable, an initial flaring project under CDM can simplify 
the CDM process (fewer participants, lower capital cost) and permit definition of composite gas quantity and quality prior to 
capital investment in engines or other utilization hardware. 
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Figure 10.10: ONYX SASA Landfill Gas Recovery Project .VES landfill, Trémembé, 
Sao Paulo State


Figure 10.9: Distribution of landfill gas CDM projects based on average an-


nual CERs for registered projects late October 2006 (unfccc.org). Includes 10.9 Mt 


CERs for landfill CH4 of 91 Mt total CERs. Projects <100,000 CERs/yr are located 


in Israel, Bolivia, Bangladesh and Malaysia


An example of a successful Brazilian project is the ONYX 
SASA Landfill Gas Recovery Project at the VES landfill, 
Trémembé, Sao Paulo State (Figure 10.10). The recovered 
landfill gas is flared and used to evaporate leachate. As of 
December, 2005, approximately 93,600 CERs had been de-
livered (Veolia Environmental Services, 2005).
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increasingly being implemented for landfill gas recovery 
projects, provides a major incentive for both improved waste 
management and GHG emission reductions. For the long term, 
more profound changes in waste management strategy are 
expected in both developed and developing countries, including 
more emphasis on waste minimization, recycling, re-use and 
energy recovery. Huhtala (1997) studied optimal recycling 
rates for municipal solid waste using a model that included 
recycling costs and consumer preferences; results suggested 
that a recycling rate of 50% was achievable, economically 
justified and environmentally preferable. This rate has already 
been achieved in many countries for the more valuable waste 
fractions such as metals and paper (OECD, 2002b). 


Decisions for alternative waste management strategies are 
often made locally; however, there are also regional drivers 
based on national regulatory and policy decisions. Selected waste 
management options also determine GHG mitigation options. 
For the many countries which continue to rely on landfilling, 
increased utilization of landfill CH4 can provide a cost-effective 
mitigation strategy. The combination of gas utilization for 
energy with biocover landfill cover designs to increase CH4 
oxidation can largely mitigate site-specific CH4 emissions 
(Huber-Humer, 2004; Barlaz et al., 2004). These technologies 
are simple (‘low technology’) and can be readily deployed at 
any site. Moreover, R&D to improve gas-collection efficiency, 
design biogas engines and turbines with higher efficiency, and 
develop more cost-effective gas purification technologies are 
underway. These improvements will be largely incremental 
but will increase options, decrease costs, and remove existing 
barriers for expanded applications of these technologies. 


Advances in waste-to-energy have benefited from general 
advances in biomass combustion; thus the more advanced 
technologies such as fluidized bed combustion with emissions 
control can provide significant future mitigation potential for 
the waste sector. When the fossil fuel offset is also taken into 
account, the positive impact on GHG reduction can be even 
greater (e.g., Lohiniva et al. 2002; Pipatti and Savolainen 1996; 
Consonni et al. 2005). High cost, however, is a major barrier to 
the increased implementation of waste-to-energy. Incineration 
has often proven to be unsustainable in developing countries 
– thus thermal processes are expected to be primarily (but 
not exclusively) deployed in developed countries. Advanced 
combustion technologies are expected to become more 
competitive as energy prices increase and renewable energy 
sources gain larger market share.


Anaerobic digestion as part of MBT, or as a stand-alone 
process for either wastewater or selected wastes (high 
moisture), is expected to continue in the future as part of the 
mix of mature waste management technologies. In general, 
anaerobic digestion technologies incur lower capital costs than 
incineration; however, in terms of national GHG mitigation 
potential and energy offsets, their potential is more limited 
than landfill CH4 recovery and incineration. When compared 


to composting, anaerobic digestion has advantages with respect 
to energy benefits (biogas), reduced process times and reduced 
volume of residuals; however, as applied in developed countries, 
it typically incurs higher capital costs. Projects where mixed 
municipal waste was anaerobically digested (e.g., the Valorga 
project) have been largely discontinued in favour of projects 
using specific biodegradable fractions such as food waste. In 
some developing countries such as China and India, small-scale 
digestion of biowaste streams with CH4 recovery and use has 
been successfully deployed for decades as an inexpensive local 
waste-to-energy strategy – many other countries could also 
benefit from similar small-scale projects.  For both as a primary 
wastewater treatment process or for secondary treatment of 
sludges from aerobic processes, anaerobic digestion under 
higher temperature using thermophilic regimes or two-stage 
processes can provide shorter retention times with higher rates 
of biogas production. 


Regarding the future of up-front recycling and separation 
technologies, it is expected that wider implementation of 
incrementally-improving technologies will provide more 
rigorous process control for recycled waste streams transported to 
secondary markets or secondary processes, including paper and 
aluminium recycling, composting and incineration. If analysed 
within an LCA perspective, waste can be considered a resource, 
and these improvements should result in more advantageous 
material and energy balances for both individual components 
and urban waste streams as a whole. For developing countries, 
provided sufficient measures are in place to protect workers and 
the local environment, more labour-intensive recycling practices 
can be introduced and sustained to conserve materials, gain 
energy benefits and reduce GHG emissions. In general, existing 
studies on the mitigation potential for recycling yield variable 
results because of the differing assumptions and methodologies 
applied; however, recent studies (i.e., Myllymaa et al., 2005) are 
beginning to quantitatively examine the environmental benefits 
of alternative waste strategies, including recycling. 


10.6.2 Wastewater management


Although current GHG emissions from wastewater are 
lower than emissions from waste, it is recognized that there 
are substantial emissions which are not quantified by current 
estimates, especially from septic tanks, latrines and uncontrolled 
discharges in developing countries. Nevertheless, the quantity 
of wastewater collected and treated is increasing in many 
countries in order to maintain and improve potable water quality, 
as well for other public health and environmental protection 
benefits. Concurrently, GHG emissions from wastewater will 
decrease relative to future increases in wastewater collection 
and treatment. 


For developing countries, it is a significant challenge to 
develop and implement innovative, low-cost but effective 
and sustainable measures to achieve a basic level of improved 
sanitation (Moe and Reingans, 2006).  Historically, sanitation 
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Technologies and 
practices


Vulnerability to 
climate change


Adaptation implications 
& strategies to minimize 
emissions


Sustainable development dimensions


CommentsSocial Economic Environmental


Recycling, reuse & waste 
minimization


Indirect low 
vulnerability or no 
vulnerability


Minimal implications Usually positive


Negative for 
waste scavenging 
without public 
health or safety 
controls


Positive


Job creation


Positive


Negative for waste 
scavenging from 
open dumpsites 
with air and water 
pollution


Indirect benefits for reducing GHG emissions 
from waste


Reduces use of energy and raw materials.
Requires implementation of health and safety 
provisions for workers


Controlled landfilling
with landfill gas recovery 
and utilization


Indirect low 
vulnerability or 
positive effects: 
Higher temperatures 
increase rates of 
microbial methane 
oxidation rates in 
cover materials


Minimal implications 


May be regulatory 
mandates or economic 
incentives


Replaces fossil fuels for 
process heat or electrical 
generation 


Positive


Odour reduction
(non-CH4 gases)


Positive


Job creation


Energy recovery 
potential


Positive


Negative for 
improperly managed 
sites with air and 
water pollution


Primary control on landfill CH4 emissions with 
>1200 commercial projects 


Important local source of renewable energy: 
replaces fossil fuels


Landfill gas projects comprise 12% of annual 
registered CERs under CDMa 


Oxidation of CH4 and NMVOCs in cover soils 
is a smaller secondary control on emissions


Controlled landfilling
without landfill gas 
recovery


Indirect low 
vulnerability or 
positive effects: 
Higher temperatures 
increase rates of 
microbial methane 
oxidation rates in 
cover materials


Minimal implications


Gas monitoring and 
control still required


Positive


Odour reduction
(non-CH4 gases)


Positive 


Job creation


Positive


Negative for 
improperly managed 
sites with air and 
water pollution


Use of cover soils and oxidation in cover soils 
reduce rate of CH4 and NMVOC emissions


Optimizing microbial 
methane oxidation 
in landfill cover soils 
(‘biocovers’)


Indirect low 
vulnerability or 
positive effects: 
Increased rates at 
higher temperatures


Minimal implications or 
positive effects


Positive


Odour reduction
(non-CH4 gases)


Positive


Job creation


Positive


Negative for 
improperly designed 
or managed 
biocovers with 
GHG emissions and 
NMVOC emissions


Important secondary control on landfill CH4 
emissions and emissions of NMVOCs


Utilizes other secondary materials (compost, 
composted sludges) 


Low-cost low-technology strategy for 
developing countries


Uncontrolled disposal 
(open dumping & burning)


Highly vulnerable


Detrimental effects:
warmer temp. 
promote pathogen 
growth and disease 
vectors


Exacerbates adaptation 
problems 


Recommend 
implementation of more 
controlled disposal and 
recycling practices


Negative Negative Negative Consider alternative lower-cost medium 
technology solutions (e.g., landfill with 
controlled waste placement, compaction, and 
daily cover materials)


Thermal processes 
including incineration, 
industrial co-combustion, 
and more advanced 
processes for waste-to-
energy (e.g., fluidized bed 
technology with advanced 
flue gas cleaning)


Low vulnerability Minimal implications


Requires source control 
and emission controls 
to prevent emissions 
of heavy metals, acid 
gases, dioxins and other 
air toxics


Positive


Odour reduction
(non-CH4 gases)


Positive


Job creation


Energy recovery 
potential


Positive


Negative for 
improperly designed 
or managed facilities 
without air pollution 
controls


Reduces GHG emissions relative to landfilling


Costly, but can provide significant mitigation 
potential for the waste sector, especially in 
the short term


Replaces fossil fuels


Aerobic biological 
treatment 
(composting)


Also a component of 
mechanical biological 
treatment (MBT)


Indirect low 
vulnerability or 
positive effects: 
Higher temperatures 
increase rates of 
biological processes 
(Q10)


Minimal implications or 
positive effects


Produces CO2 (biomass) 
and compost 


Reduces volume, 
stabilizes organic C, and 
destroys pathogens


Positive


Odour reduction
(non-CH4 gases)


Positive


Job creation


Use of compost 
products


Positive


Negative for 
improperly designed 
or managed facilities 
with odours, air and 
water pollution


Reduces GHG emissions


Can produce useful secondary materials 
(compost) provided there is quality control on 
material inputs and operations


Can emit N2O and CH4 under reduced 
aeration or anaerobic conditions


Anaerobic biological 
treatment
(anaerobic digestion)


Also a component of 
mechanical-biological 
treatment (MBT)


Indirect low 
vulnerability or 
positive effects: 
Higher temperatures 
increase rates of 
biological processes


Minimal implications


Produces CH4, CO2, and 
biosolids under highly 
controlled conditions 


Biosolids require 
management


Positive


Odour reduction
(non-CH4 gases)


Positive


Job creation


Energy recovery 
potential


Use of residual 
biosolids


Positive


Negative for 
improperly designed 
or managed facilities 
with, odours, air and 
water pollution


Reduces GHG emissions


CH4 in biogas can replace fossil fuels for 
process heat or electrical generation


Can emit minor quantities of CH4 during 
start-ups, shutdowns and malfunctions


Wastewater control and 
treatment 
(aerobic or anaerobic) 


Highly vulnerable 


Detrimental effects 
in absence of 
wastewater control 
and treatment:
Warmer 
temperatures 
promote pathogen 
growth and poor 
public health


Large adaptation 
implications


High potential for 
reducing uncontrolled 
GHG emissions 


Residuals (biosolids) 
from aerobic treatment 
may be anaerobically 
digested


Positive


Odour reduction
(non-CH4 gases)


Positive


Job creation


Energy recovery 
potential from 
anaerobic 
processes


Use of sludges 
and other residual 
biosolids


Positive


Negative for 
improperly designed 
or managed facilities 
with odours, air and 
water pollution and 
GHG emissions


Wide range of available technologies to 
collect, treat, recycle and re-use wastewater 


Wide range of costs


CH4 from anaerobic processes replaces fossil 
fuels for process heat or electrical generation


Need to design and operate to minimize N2O 
and CH4 emissions during transport and 
treatment


Table 10.7: Summary of adaptation, mitigation and sustainable development issues for the waste sector. 


a  http://cdm.unfccc.int/Projects/registerd.html, October 2006
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in developed countries has included costly centralized sewerage 
and wastewater treatment plants, which do not offer appropriate 
sustainable solutions for either rural areas in developing countries 
with low population density or unplanned, rapidly growing, 
peri-urban areas with high population density (Montgomery and 
Elimelech, 2007). It has been demonstrated that a combination 
of low-cost technology with concentrated efforts for community 
acceptance, participation and management can successfully 
expand sanitation coverage; for example, in India more than 
one million pit latrines have been built and maintained since 
1970 (Lenton et al., 2005). The combination of household 
water treatment and ‘point-of-use’ low-technology improved 
sanitation in the form of pit latrines or septic systems has been 
shown to lower diarrhoeal diseases by >30% (Fewtrell et al., 
2005). 


Wastewater is also a secondary water resource in countries 
with water shortages. Future trends in wastewater technology 
include buildings where black water and grey water are 
separated, recycling the former for fertilizer and the latter for 
toilets. In addition, low-water use toilets (3–5 L) and ecological 
sanitation approaches (including ecological toilets), where 
nutrients are safely recycled into productive agriculture and the 
environment, are being used in Mexico, Zimbabwe, China, and 
Sweden (Esrey et al., 2003). These could also be applied in many 
developing and developed countries, especially where there are 
water shortages, irregular water supplies, or where additional 
measures for conservation of water resources are needed. All 
of these measures also encourage smaller wastewater treatment 
plants with reduced nutrient loads and proportionally lower 
GHG emissions. 


10.6.3 Adaptation, mitigation and sustainable 
development in the waste sector 


In addition to providing mitigation of GHG emissions, 
improved public health, and environmental benefits, solid waste 
and wastewater technologies confer significant co-benefits for 
adaptation, mitigation and sustainable development (Table 10.7; 
see also Section 12.3.4). In developing countries, improved 
waste and wastewater management using low- or medium-
technology strategies are recommended to provide significant 
GHG mitigation and public health benefits at lower cost. Some 
of these strategies include small-scale wastewater management 
such as septic tanks and recycling of grey water, construction of 
medium-technology landfills with controlled waste placement 
and use of daily cover (perhaps including a final biocover to 
optimize CH4 oxidation), and controlled composting of organic 
waste. 


The major impediment in developing countries is the lack 
of capital, which jeopardizes improvements in waste and 
wastewater management. Developing countries may also 
lack access to advanced technologies. However, technologies 
must be sustainable in the long term, and there are many 
examples of advanced, but unsustainable, technologies for 


waste management that have been implemented in developing 
countries. Therefore, the selection of truly sustainable waste and 
wastewater strategies is very important for both the mitigation 
of GHG emissions and for improved urban infrastructure. 
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Toward a New EPA Policy Toward a New EPA Policy 


•• The terminology issueThe terminology issue
•• The polarized wasteThe polarized waste--toto--energy debateenergy debate


–– Industry viewIndustry view
–– Environmentalists view Environmentalists view 
–– How is EPA viewing it now?How is EPA viewing it now?


•• EPAEPA’’s efforts in incorporating energy recovery into s efforts in incorporating energy recovery into 
national policynational policy
–– Energy inventoryEnergy inventory
–– Energy recovery websiteEnergy recovery website
–– A study of existing communities with energy recoveryA study of existing communities with energy recovery


•• Energy legislation impactsEnergy legislation impacts
•• Suggestions for next stepsSuggestions for next steps
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Terminology Terminology 


•• The recent change from Integrated Waste The recent change from Integrated Waste 
Services Association to the Energy Recovery Services Association to the Energy Recovery 
Council is a very good ideaCouncil is a very good idea


•• The Office of Solid Waste is now the Office of The Office of Solid Waste is now the Office of 
Resource Conservation and Recovery Resource Conservation and Recovery 


•• A permanent terminology change in the A permanent terminology change in the ““waste waste 
to energyto energy”” field may be in order:  field may be in order:  ““Energy Energy 
RecoveryRecovery”” not WTEnot WTE


•• NAWTEC?  NAWTEC?  







44


Suggestion for 2010:Suggestion for 2010:


North American Conference on North American Conference on 
Energy RecoveryEnergy Recovery


(NACER)(NACER)
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WasteWaste--toto--Energy?Energy?


•• I have never witnesses such issue polarization, I have never witnesses such issue polarization, 
in the public, in states, in the Federal in the public, in states, in the Federal 
government, in NGOs. government, in NGOs. 


•• Getting energy from material that would Getting energy from material that would 
otherwise be lost is such a straightforward otherwise be lost is such a straightforward 
concept:concept:
–– We can turn a waste management problem into an We can turn a waste management problem into an 


energy (and climate change) solutionenergy (and climate change) solution


Why such polarity?  Two world views:Why such polarity?  Two world views:
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Energy Recovery Proponents Energy Recovery Proponents 
ViewpointViewpoint


Energy recovery from the combustion of waste materials, Energy recovery from the combustion of waste materials, 
particularly MSW, is currently producing significant particularly MSW, is currently producing significant 
amounts of clean power for an energy hungry world amounts of clean power for an energy hungry world ––
and more is availableand more is available
Toxics releases have been significantly reduced (MACT Toxics releases have been significantly reduced (MACT 
coverage for municipal waste combustors)coverage for municipal waste combustors)
It is beneficial to climate change due to lifecycle GHG It is beneficial to climate change due to lifecycle GHG 
reductionreduction
It reduces volume of MSW landfilled, it reduces landfill It reduces volume of MSW landfilled, it reduces landfill 
emissions, it recovers materials otherwise lost, like emissions, it recovers materials otherwise lost, like 
metalsmetals
What is the debate?  The absence of energy recovery is What is the debate?  The absence of energy recovery is 
landfilling.  Expand energy recovery!  landfilling.  Expand energy recovery!  
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Energy Recovery Opposition Energy Recovery Opposition 
ViewpointViewpoint


Incineration is disposal, Incineration is disposal, ““wastingwasting””, that is worse than landfilling, that is worse than landfilling
It produces a It produces a ““toxic souptoxic soup”” of air emissions that could poison the of air emissions that could poison the 
worldworld
It significantly restricts the more beneficial option of increasIt significantly restricts the more beneficial option of increased ed 
recycling and composting (the recycling and composting (the ““feed the beastfeed the beast”” syndrome ruins the syndrome ruins the 
potential for a potential for a ““zero wastezero waste”” national policy)national policy)
It adversely impacts GHG reduction efforts by directly releasingIt adversely impacts GHG reduction efforts by directly releasing
massive amounts of CO2 and NOx while reducing future carbon massive amounts of CO2 and NOx while reducing future carbon 
emissions reductions from increased recyclingemissions reductions from increased recycling
It has adverse environmental justice impacts.  No jobs are creatIt has adverse environmental justice impacts.  No jobs are created ed 
for local communities, just pollution.  Big cost, no gain.for local communities, just pollution.  Big cost, no gain.
Why is it even being considered?  Ban it!  Why is it even being considered?  Ban it!  
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Where is EPA Now?Where is EPA Now?


•• No current national policy on energy recovery from No current national policy on energy recovery from 
secondary materialssecondary materials


•• There are actions that encourage some recovery, for There are actions that encourage some recovery, for 
example EPA promotes energy from tiresexample EPA promotes energy from tires


•• New Administration with still evolving policiesNew Administration with still evolving policies
•• Continued EPA analysis showing significant lifecycle Continued EPA analysis showing significant lifecycle 


carbon emission benefits carbon emission benefits 
•• New legislation pending on energy (Waxman bill)New legislation pending on energy (Waxman bill)
•• Still, the bottom line:  the U.S. landfills over 60% of its Still, the bottom line:  the U.S. landfills over 60% of its 


MSWMSW
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Good news/bad news on getting a Good news/bad news on getting a 
national energy recovery policynational energy recovery policy


•• Good:Good:
–– Increasing climate change concerns have forced Increasing climate change concerns have forced 


analysis of comprehensive mitigation strategies analysis of comprehensive mitigation strategies –– and and 
energy recovery has evolved as a major playerenergy recovery has evolved as a major player


–– Growing internal consensus on role of energy Growing internal consensus on role of energy 
recovery as a renewable resource recovery as a renewable resource –– plus joint plus joint 
OAR/ORCR technical support of legislation OAR/ORCR technical support of legislation 


–– OSWER climate change strategy shows increased OSWER climate change strategy shows increased 
recycling and energy recovery provide significant recycling and energy recovery provide significant 
greenhouse gas emissions savingsgreenhouse gas emissions savings
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Reduce packaging use by 50% 147 MMTCO2E per year
Extend the life of personal computers by 50% 51 MMTCO2E per year
Recycle all construction materials 160 MMTCO2E per year
Increase national MSW recycling rate to 50% 36 MMTCO2E per year
Composting Compost all food scraps 21 MMTCO2E per year
Energy Recovery Combust all landfilled MSW 73-136 MMTCO2E per year
Disposal Capture all methane at U.S. landfills 67 MMTCO2E per year


These examples represent just a small portion of the total impact that materials management approaches
could have on U.S. GHG emissions. 


Box 7: Summary of Hypothetical Materials Management Approaches 
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•• Bad:Bad:
–– Public opinion on Public opinion on ““waste incinerationwaste incineration”” seems trapped seems trapped 


in the 1970in the 1970’’s (and it is exploitable by opponents of s (and it is exploitable by opponents of 
combustion)combustion)


–– Some state regulatory agencies also see it this waySome state regulatory agencies also see it this way
–– Potential for adverse legislation (is energy recovery Potential for adverse legislation (is energy recovery 


from waste materials a renewable energy source or from waste materials a renewable energy source or 
not?) not?) 


–– Such legislation could seriously impact development Such legislation could seriously impact development 
of a national integrated materials management policyof a national integrated materials management policy
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Most Compelling Reasons for Most Compelling Reasons for 
Promoting Energy RecoveryPromoting Energy Recovery


•• Consensus growing on need for climate change Consensus growing on need for climate change 
mitigation mitigation 
–– dictates all materials management decisions consider dictates all materials management decisions consider 


carbon emissions carbon emissions firstfirst


•• This is biogenic energyThis is biogenic energy
–– The feedstock here is 56% to 66% biogenic in origin.  The feedstock here is 56% to 66% biogenic in origin.  


Such energy doesnSuch energy doesn’’t contribute to higher atmospheric t contribute to higher atmospheric 
carbon like fossil fuelcarbon like fossil fuel--derived energy.  This derived energy.  This ““biogenicbiogenic””
material material comes mostly from renewable sourcescomes mostly from renewable sources:  :  
agriculture and tree farmingagriculture and tree farming
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•• The U.S. landfills too much material. The U.S. landfills too much material. 
–– Only a specific portion of MSW can be Only a specific portion of MSW can be 


recycled/composted, & todayrecycled/composted, & today’’s markets show market s markets show market 
volatility affects recycling rates.  volatility affects recycling rates.  


–– The reality is you either recover energy or you put The reality is you either recover energy or you put 
MSW in the ground where it generates gases.  MSW in the ground where it generates gases.  


•• We must avoid false choices.We must avoid false choices.
–– It is not energy recovery v. recycling, it is energy It is not energy recovery v. recycling, it is energy 


recovery v. landfilling.recovery v. landfilling.
–– We need energy.  We donWe need energy.  We don’’t need landfillst need landfills
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•• National securityNational security
–– The U.S. uses too much fossil fuel.  ER from The U.S. uses too much fossil fuel.  ER from 


waste could offset a sizeable amount of fossil waste could offset a sizeable amount of fossil 
fuelfuel--derived derived baseloadbaseload power.power.
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McKinsey Pathway to Low Carbon Economy McKinsey Pathway to Low Carbon Economy 
(January, 2009)(January, 2009)
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EPA ActivitiesEPA Activities


•• InventoryInventory
–– Tasked by senior management to determine what Tasked by senior management to determine what 


energy recovery potential from hazardous and nonenergy recovery potential from hazardous and non--
hazardous secondary materials is availablehazardous secondary materials is available


–– We found a not surprising result:  MSW is the only We found a not surprising result:  MSW is the only 
materials stream that contains sufficient potential materials stream that contains sufficient potential 
energy to be important, as much as 2% energy to be important, as much as 2% -- 4% of the 4% of the 
nationnation’’s electrical energy demands electrical energy demand
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Inventory of Energy Recovery Opportunities
Energy Recovery


Opportunities
Material Available 


for Recovery
(million tons/year)


Potential Energy 
Recovery/Saving
(billion BTU/year)


Percent of U.S. 
Energy Production


MSW
BioCycle Data
Franklin Data


266
137


2,729,160
1,405,620


3.90%
2.01%


Biomass, Ag Residue
100 1,000,000 1.43%


Biomass, Animal 
Manure/Gaseous 


Fuels
35 420,000 0.60%


C&D, Land Clearing 
Debris 27 394,200 0.56%


C&D, Wood Building 
Materials 19.6 353,000 0.50%


Landfill Methane
Gas N/A 144,000 0.21%


Coal Combustion 
Products, Fly Ash 20 80,000 0.11%


Biomass, Pulp and 
Paper Residues 3 30,000 0.043%
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Conclusions from the InventoryConclusions from the Inventory


•• Nationally significant energy available Nationally significant energy available 
from MSW combustion, not much from from MSW combustion, not much from 
other sourcesother sources


•• If you want to have an impact on If you want to have an impact on 
greenhouse gas mitigation, focus on MSWgreenhouse gas mitigation, focus on MSW


•• Even if you have >50% recycling, you still Even if you have >50% recycling, you still 
have a significant amount of potential have a significant amount of potential 
energy to recoverenergy to recover
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Annual Benefits from MSW Energy 
Recovery after Assuming a Recycling Rate 


of 50%


Material 
Available 


(millions of 
tons per 


year)


Energy 
Content 


(billions of 
BTU/year)


Electrical 
Power 
(billion 


kilowatt-
hours)


Equivalent 
Number of 


Homes 
Powered


Lifecycle 
GHG 


Savings 
(million 


tons CO2E)


50% 
Recycling 


Rate


BioCycle


Franklin


178


95


1,826,300


974,700


91


49


8,300,000


4,500,000


178


95
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EPA ActivitiesEPA Activities


•• Developing an EPA Energy Recovery websiteDeveloping an EPA Energy Recovery website
•• It will be a place to provide both technical and It will be a place to provide both technical and 


programmatic information on energy recoveryprogrammatic information on energy recovery
•• We see this as the place to show EPAWe see this as the place to show EPA’’s current s current 


and future positions on energy recoveryand future positions on energy recovery
•• A key part of this is the waste management A key part of this is the waste management 


hierarchy hierarchy –– which will be on the website and will which will be on the website and will 
be expandedbe expanded
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Comparison studyComparison study


Six community comparison studySix community comparison study
Researched materials management Researched materials management 
systems of six different communities systems of six different communities 


Broward Co. FL, Lancaster Co., PA, and Broward Co. FL, Lancaster Co., PA, and 
Tulsa, OK who have or considered energy Tulsa, OK who have or considered energy 
recoveryrecovery
King Co., WA, Wilmington, DE, and Frederick King Co., WA, Wilmington, DE, and Frederick 
Co., MD who either focus on recycling or are Co., MD who either focus on recycling or are 
considering energy recoveryconsidering energy recovery
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Assessing why each community did what they Assessing why each community did what they 
diddid
Run the DST Lifecycle models to measure what Run the DST Lifecycle models to measure what 
the impacts to carbon, energy, and cost are of the impacts to carbon, energy, and cost are of 
these decisionsthese decisions
Results will inform us about the actual Results will inform us about the actual 
experiences of communities, the best guide to experiences of communities, the best guide to 
what is being done by people faced with real what is being done by people faced with real 
materials management requirementsmaterials management requirements
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Pending Energy LegislationPending Energy Legislation


•• Current draft of Waxman bill excludes MSW from Current draft of Waxman bill excludes MSW from 
consideration as renewableconsideration as renewable


•• Congressional staff wanted EPA to provide Congressional staff wanted EPA to provide 
information on a number of topics:information on a number of topics:
–– What are the emissions from existing facilities?What are the emissions from existing facilities?
–– What is the existing regulatory coverage?What is the existing regulatory coverage?
–– What is the biogenic fraction of energy and can we What is the biogenic fraction of energy and can we 


define it?define it?
–– What is the impact on recycling?What is the impact on recycling?
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Some Key Information Provided by Some Key Information Provided by 
ORCR/OAR to the Hill ORCR/OAR to the Hill 


•• On air toxics emissions:On air toxics emissions:
–– EPA provided information on impact of MACT standards and % EPA provided information on impact of MACT standards and % 


reductions of toxicsreductions of toxics
•• On carbon emissions:On carbon emissions:


–– Lifecycle modeling shows significant reductions (1 ton in = 1 toLifecycle modeling shows significant reductions (1 ton in = 1 ton n 
CO2 saved)CO2 saved)


–– Offset of fossil fuelOffset of fossil fuel--derived power must be consideredderived power must be considered
–– Better profiles than landfilling w/energy recoveryBetter profiles than landfilling w/energy recovery


•• On renewable energy credits:On renewable energy credits:
–– Are options for providing RECsAre options for providing RECs


•• 100% renewable, 100% renewable, 
•• only only ““biogenicbiogenic”” fraction renewable so various partial credit levels fraction renewable so various partial credit levels 


could be allowedcould be allowed
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•• On energy efficiency of viable technologiesOn energy efficiency of viable technologies
–– Energy efficiency data providedEnergy efficiency data provided
–– Are other technologies but they are not in operationAre other technologies but they are not in operation


•• On impact of energy recovery on recycling:On impact of energy recovery on recycling:
–– Provided data indicating recycling rates higher in  Provided data indicating recycling rates higher in  


communities with energy recovery and noted that communities with energy recovery and noted that 
E.U. countries show same patternE.U. countries show same pattern


–– Noted that even with higher recycling the U.S. will still Noted that even with higher recycling the U.S. will still 
landfill huge amounts of MSWlandfill huge amounts of MSW
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•• Our experience over the past several Our experience over the past several 
months was they listened carefully and months was they listened carefully and 
asked questions without saying what they asked questions without saying what they 
thought would happenthought would happen


•• Maybe next week we will see what Maybe next week we will see what 
happenedhappened
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Suggested Next Steps Suggested Next Steps –– Energy Energy 
Recovery IndustryRecovery Industry


•• Continue to support legislation qualifying Continue to support legislation qualifying 
MSW combustion as renewable energyMSW combustion as renewable energy


•• Use the opportunity to show local Use the opportunity to show local 
communities the lifecycle benefits of your communities the lifecycle benefits of your 
industry for greenhouse gas reductionsindustry for greenhouse gas reductions


•• Provide a definitive paper on air emissions Provide a definitive paper on air emissions 
from your facilitiesfrom your facilities
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Next Steps Next Steps -- EPAEPA


•• Finish construction of the website that defines where Finish construction of the website that defines where 
energy recovery falls on the EPA hierarchy:  it is not energy recovery falls on the EPA hierarchy:  it is not 
disposal;  it is a source of renewable energydisposal;  it is a source of renewable energy


•• Issue a position paper on the necessity for integrated Issue a position paper on the necessity for integrated 
materials management system that includes a balanced materials management system that includes a balanced 
recycling/composting and energy recovery goalrecycling/composting and energy recovery goal


•• Promote the Promote the ““integrated materials management integrated materials management 
strategystrategy”” and help communities find the best integrated and help communities find the best integrated 
strategy for themselves (45strategy for themselves (45--4545--10?)10?)


•• We need a policy that stays ahead of the airplaneWe need a policy that stays ahead of the airplane
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Figure 1: Estimated Clean Energy Annual Investment
to 2030, US$ billions
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Note: WEO 2008 covers investment in renewable energy generation and energy efficiency, 
with an assumption that half the additional power investment required under the 550ppm 
and 450ppm scenarios is in renewable energy; McKinsey covers only energy efficiency 
investment; New Energy Finance Global Futures covers investment in renewable energy 
and energy efficiency technologies only.


Source: IEA WEO 2008, McKinsey, New Energy Finance


Figure 2: Total Global New Investment in Clean Energy, 
2004-2008, US$ billions


Note: Figures marked * are based on industry estimates from various sources; all others are 
extrapolated values based on disclosed deals from the New Energy Finance Industry 
Intelligence Database; figures are adjusted to remove double-counting


Source: New Energy Finance


Small Scale
Projects*
Asset Finance
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RD&D*
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2004
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  76% 
Growth


h


58% 
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   4% 
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1
For the purpose of this paper we will consider only investment in clean energy (defined here as investment in renewable energy and energy efficiency technology, but
excluding nuclear power and large hydro) – although we accept that this forms only a subset of all “Green Investment” opportunities.


the longer the delay in taking decisive action, the higher
the cost of mitigation. The International Energy Agency’s
World Energy Outlook (WEO) 2008 estimates around US$
550 billion needs to be invested in renewable energy and
energy efficiency alone each year between now and 2030
if we are to limit concentrations to 450ppm CO2e, while
New Energy Finance’s Global Futures analysis points to
an average annual investment of US$ 515 billion over an 
extended period (see Figure 1).


The good news is that the process of transition and the
associated surge in investment have already begun.
Investment in clean energy – defined here as investment
in renewable energy and energy efficiency technology, but
excluding nuclear power and large hydro – increased


Investors and policy-makers are facing an historic choice.
At the very time when commentators are branding green
investing as a luxury the world cannot afford, enormous
investment in the world’s energy infrastructure is required
in order to address the twin threats of energy insecurity
and climate change. Waiting for economic recovery,
rather than taking decisive action now, will make the
future challenge far greater. As the cost of clean energy
technologies decreases and policy support is put in
place, the shape of the eventual energy system is
emerging. But the investment demand is substantial.
Despite the recent turmoil, the world’s financial markets
are up to the financing challenge, but they will need
continued action from the world’s policy-makers and
leading corporations.
We are not going to rehearse the science of climate
change in this paper. Suffice to say, the most recent data
show carbon and temperature trajectories tracking the
pessimistic edge of the scenarios considered by the
Intergovernmental Panel on Climate Change (IPCC), the
scientific body set up to advise policy-makers. To have a
chance of limiting the average increase in global
temperatures to 2°C, a level which an increasing number
of experts already considers unsafe, the IPCC believes
that we need to limit the concentration of greenhouse
gases in the atmosphere to the equivalent of 450 parts
per million of carbon dioxide equivalent by volume
(450ppm CO2e) by 2030. This means reducing CO2


emissions by 60% from baseline levels by 2030.


Energy is responsible for more than 60% of the CO2


emitted into the atmosphere each year. If we are to limit
emissions to a level consistent with 450ppm CO2e, what
is required over the coming few decades is nothing less
than a complete restructuring of our energy infrastructure
– the fuels we use, how we generate and distribute
electricity, how we power our transportation, the way we
heat and cool our homes and offices, the way we run our
factories


1
. And we have to achieve this without


jeopardizing the global growth needed to pull the
developing world out of poverty or destroying the
accumulated capital formation that is needed to pay
pensions and healthcare costs in the developed world.


The Scale of Investment Required
The sums involved in a shift to a low-carbon energy
system are daunting and there are varying views
regarding the exact amount of investment necessary. The
Stern Review talks of a cost of 1% of global GDP to limit
greenhouse gases to a concentration of 550ppm CO2e
by 2050, equivalent to around US$ 500 billion a year
currently (global GDP 2007 was US$ 54 trillion), although


1. Executive Summary
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And higher capital costs for many renewable energy
technologies – and no fuel costs – mean that they will
benefit more from reductions in effective interest rates
than natural gas or coal. Indeed, in a world in which
effective interest rates for energy projects drop 300 basis
points, while fuel prices and carbon credit prices each
rise by 20%, onshore wind becomes cheaper than
natural gas, and geothermal and waste-to-energy not
only beat natural gas, but are even cheaper than coal-
based power.


Nuclear power is also set for a renaissance in many
countries around the world. Nuclear’s share of total
electricity production has remained steady at around 16%
since the 1980s. Its contribution is clearly set to grow
over the medium to long term, although it will always be
limited by issues of cost, storage, safety and public
resistance. We do not consider it in detail in this paper.


Key Enablers of a Shift to Clean Energy
The shift to a low-carbon energy system cannot be
achieved simply through the addition of new sources of
renewable energy. It will also be necessary to make
wholesale changes in the way energy is distributed,
stored and consumed. Again, the outlines of these
changes, and the investment opportunities implied, can
already be seen. We focus here on four areas:
1. Energy Efficiency. It has been frequently said that the
cheapest source of energy is the energy never used.
There are enormous opportunities for improving the
efficiency of the world’s energy infrastructure, both on
the supply side and the demand side – and many of
them could even produce returns above the cost of
capital of major businesses. In a recent report, the
McKinsey Global Institute estimated that there are US$
170 billion of energy efficient investment opportunities
that would produce an IRR of 17% or more.


2.Smart Grid. The world’s electricity grids were
designed to distribute power cheaply and reliably from
large, centralized, predictable power stations. The grid
of the future will have to cope with decentralized,
fluctuating supply. It will also be expected to deliver a
far more sophisticated range of services to help with
demand-side energy management. Only a new and
fully digitally-enabled grid architecture will be able to
meet these needs, and the investment requirement is
estimated by New Energy Finance at US$ 8.6 trillion
(including US$ 6.8 trillion to repair and replace the
existing transmission and distribution network). 


3.Energy Storage. The need for energy storage is
increasing – whether to power hybrid electric vehicles,
to smooth out fluctuations in supply and demand, or to
extend appliance functionality. The cost of storing
1MWh of electricity ranges from US$ 50 to US$ 180,


from US$ 33 billion to US$ 148 billion between 2004 and
2007 (see Figure 2), and now accounts for around 10%
of global energy infrastructure spend. In electricity
generation, the rapid expansion of sustainable energy has
been even more striking, with 42GW of power generation
capacity added in 2007, just under a quarter of the total
190GW of power generation capacity added worldwide. 


Eight Emerging Large-Scale Clean Energy Sectors
The four-year surge in investment activity in clean energy
has spanned all sectors, all geographies and all asset
classes. What has begun to emerge as a result is the
overall shape of the new lower-carbon energy
infrastructure. No one can describe with certainty what
the world’s energy system will look like in 2050. A
substantial proportion of our energy will undoubtedly still
be supplied by fossil fuels, but we can now be fairly
certain that a future low-carbon energy system will
include a meaningful contribution from the following eight
renewable energy sources:
1. Onshore Wind 
2. Offshore Wind
3. Solar Photovoltaic (PV)
4. Solar Thermal Electricity Generation (STEG)
5. Municipal Solid Waste-to-Energy (MSW)
6. Sugar-based Ethanol 
7. Cellulosic and Next Generation Biofuels
8. Geothermal Power  


Although these energy technologies – which constitute
only a subset of the full range of opportunities – may not
yet be fully cost competitive with fossil fuels, the
economics of experience curves and oil and gas
depletion are working powerfully to level the playing field.
Renewable energy technologies are becoming cheaper
as they reach scale and operating experience. This trend
has been obscured recently by surging commodity prices
and supply chain bottlenecks, but with new industrial
capacity coming on-line we are about to see prices drop
as they come back in line with costs now that we are
moving into a buyer's market. Solar PV electricity costs
may become comparable with daytime retail electricity
prices in many sunny parts of the world in the next 12 to
36 months, even without subsidies. Wind is already cost
competitive with natural gas-fired electricity generation in
certain locations without subsidies.


Renewable energy is not generally subject to risks
associated with fuel input costs. Increasing fuel prices by
20% increases the costs of generation by 16% for gas
and 6% for coal while leaving renewable energy
technologies practically untouched. The volatility of fuel
prices alone should act to encourage utilities to build
some proportion of renewable energy into their portfolios.
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Impact of the Current Financial Crisis
The road to a sustainable energy future is not without its
speed bumps. Although total investment volume in 2008
declined only marginally over 2007, it was supported by a
very strong first half. By the final quarter of the year, the
volume of clean energy investment had dropped by over
half from its peak at the end of 2007. Public market
funding for clean energy businesses has decreased
significantly, with valuations down by nearly 70% during
the course of 2008. Venture capital and private equity
investment held up reasonably well, but asset-based
finance slowed markedly as the credit crunch ate into the
availability of debt finance and the tax credits that have
been driving the US wind boom.


The short-term challenge for the world’s policy-makers is
to maintain the extraordinary momentum of the clean
energy industry in these difficult times. To do so, they must
use all the tools at their disposal. An enormous monetary
stimulus has already been applied through the drop in
global interest rates.


On top of the monetary stimuli, policy-makers around the
world are designing fiscal stimulus packages. As they do
so, it is vital that every dollar should be made to
multitask: it should support short term consumption and
jobs, as well as building the long-term productive
capacity of the economy, and at the same time moving
us forward towards key long-term goals such as a
sustainable energy system. Developing renewable energy
technologies, rolling out a fully digital grid, properly
insulating homes and offices, and educating a new
generation of engineers, technicians and scientists should
all be part of any fiscal stimulus programme.


The Need for Smart Policy
Even after the current crisis subsides, there will be a need
for smart policy to support the shift to a clean energy
infrastructure. The industry needs a well-designed set of
support mechanisms – one that is tailored to each
geography, and to the technological maturity of each
sector. Sectors nearing maturity and competitiveness with
fossil fuels need rate support as they close the gap;
technologies that work in the lab but are too risky to
scale up need support and finance to bridge the “Valley
of Death”; sectors with longer-term technological promise
need research funds. 


Once policy-makers make incentives for clean energy a
key element of their response to the current financial
crisis, there will still be a need for further action. An entire
ecosystem of supporting technology and service
providers will be fundamental to the growth of a healthy
clean energy sector – and this is inextricably linked to the


depending on the technology used. As power storage
prices come down, it can increasingly be used to
smooth the supply of power or to bridge the gap
between peak and night-time electricity rates.
Improved power storage is also required by ever more
advanced mobile appliances and ubiquitous
communications.


4.Carbon Capture and Sequestration. No discussion
of the future energy infrastructure can be complete
 without considering Carbon Capture and Storage
(CCS). Although there are no installations at scale yet,
there are almost 200 projects at varying degrees of
completion around the globe. With so many countries
– including China and the US – overwhelmingly
dependent on coal for their electricity, CCS needs to
form part of the solution if we are to restrict CO2e
concentrations to 450ppm.


The Role of the Carbon Markets
Although it may sometimes not seem to be the case,
we are moving inexorably towards a world in which
every major economy puts a price on greenhouse gas
emissions. Currently the most liquid markets are the
European Union Greenhouse Gas Emission Trading
Scheme (EU-ETS) and the global Kyoto compliance
markets. Others are following in their footsteps in
Australia, Japan, the US’s Regional Greenhouse Gas
Initiative (RGGI), California and the Western Climate
Alliance. Then there is the voluntary market, rapidly
taking shape and increasing in volume. These may soon
be joined by a US Federal carbon market and a
strengthened global scheme may emerge from the
negotiations in Copenhagen in 2009.


What we are seeing is the emergence of a system of
interlinked policy-led financial markets, similar to currency
markets. A single price for carbon everywhere in the
world is probably not achievable, but neither is it
necessary. As each of these carbon markets grows in
liquidity, its rules firm up and become well-understood,
and it is linked to other markets via project-based and
other mechanisms, arbitrage will reveal a global carbon
price range – and it will be one that drives significant
behavioural change. 


Carbon prices alone, however, will not be high enough
– at least for the next few decades – to prompt a
large-scale roll-out of renewable energy, nor will they
be sufficient to promote carbon capture and
sequestration. Prices will be set for many years to
come by cheaper sources of credit – energy efficiency
and project-based mechanisms in the developing
world. So a carbon price is an essential driver towards
a lower carbon economy, but additional policy
interventions will still be required.
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ability of entrepreneurs and companies to create new
businesses. One of the reasons that Europe consistently
lags venture investment in clean energy in the US by a
factor of five to seven is that the conditions for venture
investment in Europe are less well-developed.
Governments should also create markets for clean energy
through public procurement. With central, regional and
local government accounting for 35-45% of economic
activity in all of the world’s largest economies, public
sector purchasing can be a powerful force. Clean energy
use should be mandated in public procurement, which
would create guaranteed markets for leading innovators
in transport, heat and electricity.


Finally, policy-makers should enforce energy efficiency
standards. Utilities and energy-intensive industries will
respond to carbon prices and other price signals, but
many individuals and businesses will simply not do so. As
a result, there will always be a role for regulation to
mandate certain changes in behaviour, such as appliance
efficiency and standby power limits, corporate average
fuel economy (CAFE) standards and building codes. They
must also address the asymmetry between energy
providers, who want their customers to use as much
energy as possible, and consumers, who on the whole
would prefer to use less.


But whichever policies are adopted, the overarching
requirement is for policy stability – the impact of policy
uncertainty on cost of capital must be better understood
– and simplicity, so that the industry is not burdened
with unnecessary bureaucratic costs. Poorly-designed,
overlapping, intermittent, contradictory or overly-generous


policies do more harm than good. Similarly investors
need to understand the scale and nature of the
investment opportunity presented by the world’s one-time
shift to low-carbon energy. 


Conclusion
The need to shift to a low-carbon economy is stronger
than ever. Clean energy technologies are becoming
increasingly cost-competitive with fossil-based energy. A
carbon price will eventually level the playing field, but in
the meantime clean energy solutions require support from
policy-makers.


Policy-makers need to build frameworks which enable
corporations and investors to make good returns by
squeezing carbon out of the world’s economy. And
investors need to understand the scale and nature of the
investment opportunity presented by the world’s one-time
shift to low-carbon energy.


2009 is a critical year to bring these players together and
start the transition toward a clean world energy
infrastructure. The official UN negotiations will work on
developing the overall framework for a follow on to the
Kyoto Protocol by December of 2009. To complement
and support this process, a platform should be created
that connects policy makers (of the major economies in
particular) with major investors and global energy
corporations. A discussion, involving all these key players,
can then take place during 2009 on how best to design
the enablers identified in this report, in order to make the
transition happen: a coalition of public-private expertise
that designs the clean energy motor to drive the new
framework forward. 
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2. Scale of the Challenge


A transformation in the world's energy infrastructure is
required between now and 2030. The most recent data
show CO2 emissions and temperature trajectories
tracking the pessimistic edge of the scenarios considered
by the IPCC. To have a chance of limiting the average
increase in global temperatures to 2°C, a level which an
increasing number of experts already considers unsafe,
we have to limit the concentration of greenhouse gases in


the atmosphere to the equivalent of 450 parts per million
of carbon dioxide by volume (450ppm CO2e) – compared
to 385ppm currently and 280ppm before the industrial
revolution. Energy – principally electricity generation and
transport fuels – accounts for more than 60% of the CO2


emitted into the atmosphere each year. If we are to avoid
the worst effects of climate change, therefore, we need to
shift within the space of a few decades to a low-carbon
energy infrastructure. 


The scale of investment required has been estimated by
various different institutions, including the Stern Review,
the International Energy Agency (IEA), the US’s Energy
Information Administration (EIA), McKinsey Global Institute
and New Energy Finance. Their estimates of required
investment vary considerably, not least because they use
different definitions of the solution space, but all agree on
one thing: that the sums involved are very substantial –
trillions of dollars between now and 2030. In the long
term, of course, the cost of doing nothing is even higher;
the Stern Review estimated that inaction – adapting
passively to climate change rather than acting now to
mitigate it – will cost at least US$ 2.5 trillion, and will
expose it to risks which are hard to quantify.


In 2005, the baseline year for most forecasts, energy-
related CO2 emissions accounted for 27,000 mega
tonnes (Mt). By 2030, the IEA’s latest baseline
“Reference” scenario has emissions of 40,000Mt – an
increase of just under 50%. This increase is not
inevitable, however, particularly if action is taken quickly.
The IEA has also published a “450ppm” scenario, in
which CO2 emissions are just 25,700Mt in 2030, a
decrease of 5% from the 2005 figure (see Figure 3).


Estimates bold enough to look forward to 2050 are even
more divergent. In its Energy Technology Perspectives
scenarios – which include potential impacts of new
technologies, the IEA has looked at a “Blue” scenario – in
which just 14,000Mt are emitted by 2050 (half of 2005
CO2 levels), compared with 62,000Mt in the Reference
scenario. 


These CO2 emission reductions will be achieved by a
combination of renewable energy and nuclear power, with
energy efficiency playing a major role at all stages of the
supply chain. Carbon capture and storage (CCS)
contributes to almost every mitigation scenario.


Importantly, however, all the scenarios other than the
business-as-usual Reference scenario, envisage a far
higher proportion of renewable energy in the energy mix
by 2030. Renewable energy accounts for as much as
46% of electricity generation in the more carbon-


The International Energy Agency’s World Energy Outlook


(WEO) 2008, published in November 2008, contains the
most recent set of CO2 forecasts. It is also a baseline used


by many companies and institutions.


The key messages are as follows:


• The Reference scenario (equivalent to the status quo: no


new policies supporting renewable energy) is compared
to two scenarios: 550ppm and 450ppm CO2e levels in


the atmosphere. 450ppm is widely considered to be the
maximum CO2 concentration level required to avoid the


worst effects of global warming by restricting


temperature rises to 2°C. Both follow similar paths to an


emissions plateau in 2020, after which the 450ppm


assumes stronger and broader policy action.


• 77% of the emissions reductions (relative to the


Reference scenario) will come from renewable energy


and energy efficiency, with the balance from nuclear


power and Carbon Capture and Sequestration (not


considered a viable alternative in 2007).


• Energy demand in OECD countries under the Reference


scenario will grow more slowly than predicted in 2007


(but faster for non-OECD countries) because of lower


expected GDP growth combined with higher oil prices


suppressing demand in developed countries.


• Renewable energy plays a larger role than in previous


editions of the WEO, especially wind and solar power.


Forecast renewable energy production in 2030, and


consequently investments, was revised upwards from


2007 even in the base case Reference scenario.


• The 450ppm scenario depends on increasing spending


on R&D now in order to develop the necessary advanced


technologies


• Higher oil prices in the long-run (2030 estimate up from


US$ 62/barrel in 2007 to US$ 122 in real 2008 terms),


on the basis that lack of investment in existing fields will


constrain supply and lead to a long-run rising oil price.


This is positive for renewable energy, as it lowers the


point at which renewable energy becomes competitive


with conventional energy. 


Figure 3. International Energy Agency World
Energy Outlook 2008 – Highlights


Source: IEA WEO 2008
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Figure 4:  Annual Investment Required to 2030, US$ billions
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Note: WEO 2008 covers investment in renewable energy generation and energy efficiency, 
with a New Energy Finance assumption that half the additional power investment required 
under the 550ppm and 450ppm scenarios is in renewable energy; McKinsey covers only 
energy efficiency investment; New Energy Finance Global Futures covers investment in 
renewable energy and energy efficiency technologies only.


Source: IEA WEO 2008, McKinsey, New Energy Finance


Even higher investment is needed to reduce emissions
further. To reach emissions consistent with 550ppm
CO2e, additional investment of US$ 1.2 trillion is needed
in generating capacity, and US$ 3 trillion in energy
efficiency, nearly half of it in transport. To limit greenhouse
gases to 450ppm CO2e an additional US$ 3.6 trillion of
generating capacity and significantly higher energy
efficiency investment (US$ 5.7 trillion) is required from
2020 onwards.


The role of energy efficiency in reducing energy demand
cannot be underestimated. A recent McKinsey Global
Institute report – How the World Should Invest in Energy
Efficiency – estimates that energy efficiency alone could
halve the projected growth in energy demand, delivering
half the CO2 emission cuts necessary for a 450ppm
CO2e outcome by 2030. This would involve exploiting
US$ 170 billion of investment opportunities in energy
efficiency that would produce an IRR of 17% or more.
Not only does this compare favourably to the most
obvious comparator, the IEA’s 450ppm scenario, which
requires additional annual investment in energy efficiency
of US$ 238 billion, but the investment would only need to
be made between 2009 and 2020, a mere 12 years, half
the time horizon of most other forecasts, including those
from the IEA. 


constrained scenarios, compared to 18% currently, and
up to 23% of total primary energy demand (which
includes transportation, heating etc). It is now widely
accepted that renewable energy will provide a
considerable contribution to the future energy mix. The
questions now relate to the proportion of mainstream
energy demand which will be met by renewable sources
and, vitally, how much will the transition cost
(see Figure 4). 


The IEA’s baseline Reference scenario sees cumulative
energy investment of US$ 26.3 trillion between now and
2030. This includes cumulative renewable energy
investment of US$ 5.5 trillion, of which US$ 3.3 trillion is
for electricity generation – equivalent to US$ 229 billion a
year for renewable energy, 60% of it for electricity
generation. But this will result in an energy system which
still contributes to 40,000Mt of global CO2 emissions by
2030. 
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Figure 5. Clean Energy Investment Types and Flows, 2008, US$ billions


Source: New Energy Finance
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New Energy Finance tracks deals across the financing continuum, from R&D funding and venture capital for technology and early-stage 
companies through to public market financing for projects and mature companies. Figures are adjusted to remove double counting. Investment 
categories used in this report are defined as follows:
Venture capital and private equity: all money invested by venture capital and private equity funds in the equity of companies developing 
renewable energy technology. Similar investment in companies setting up generating capacity through Special Purpose Vehicles is counted in 
the asset financing figure. 
Public markets: all money invested in the equity of publicly quoted companies developing renewable energy technology and clean power 
generation. Investment in companies setting up generating capacity is included in the asset financing figure. 
Asset financing: all money invested in renewable energy generation projects, whether from internal company balance sheets, from debt 
finance, or from equity finance. Excludes refinancings and short term construction loans.
Mergers and acquisitions: the value of existing equity purchased by new corporate buyers in companies developing renewable technology or 
operating renewable energy projects.


Annual investment in renewable energy generation
capacity is expected to top US$ 100 billion in 2008 –
according to New Energy Finance’s figures – and was
growing at nearly 50% per year until the global financial
crisis bit in the second half of the year. Prior to the crisis,
New Energy Finance forecast investment in clean energy
(including new energy efficiency technologies) would
reach US$ 450 billion annually by 2012, rising to more
than US$ 600 billion from 2020 (and probably even
higher), indicating that the capital markets – at least
before the credit crunch – were certainly capable of
meeting the International Energy Agency’s figures of US$
380-540 billion required each year between 2008 and
2030.


The process of transition to a clean energy infrastructure
has already begun, with a surge in investment from US$
33 billion in 2004 to around US$ 150 billion in 2008.
Investment in clean energy – defined here as investment
in renewable energy and energy efficiency technology, but
excluding nuclear power and large hydro – increased
from US$ 33 billion to US$ 148 billion between 2004 and
2007 (see Figure 2), and now accounts for around 10%
of global energy infrastructure spend. In electricity
generation, the rapid expansion of sustainable energy
has been even more striking, with 42GW of power
generation capacity added in 2007, just under a quarter
of the total 190GW of power generation capacity added
worldwide.


3. Current Volume of Investment


Int_Green_inv_2009_der:Global Risks-01  20.01.09  12:00  Page15







16 | Green Investing


$$1155 ..55bbnn


$$3355 ..11bbnn


$$6688 ..88bbnn


$$111177 ..88bbnn


$$110044 ..22bbnn


2004 2005 2006 2007 2008e


Asset
Finance


Public
Market


Venture
Capital &
Private
Equity


Figure 6. Clean Energy Investment by Asset Class, 
2004-2008e, US$ billions


Note: Totals are extrapolated values based on disclosed deals from the New Energy 
Finance Industry Intelligence Database. They exclude R&D and Small Projects.


Source: New Energy Finance
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Figure 7. Clean Energy Investment by Sector, 2004-2008e,
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Note: Totals are extrapolated values based on disclosed deals from the New Energy 
Finance Industry Intelligence Database. They exclude R&D and Small Projects. Other 
Renewalbes includes geothermal and mini-hydro; Low Carbon Technologies includes 
energy efficiency, fuel cells, power storage.
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Figure 8. Clean Energy Investment by Geography,
2004-2008e, US$ billions 


Note: Totals are extrapolated values based on disclosed deals from the New Energy 
Finance Industry Intelligence Database. They do not include R&D or Small Projects, which is 
why the total in this chart is lower than the headline total new investment shown in other 
charts. ASOC = Asia Oceania region; EMEA = Europe Middle East Africa region; AMER = 
Americas region.


Source: New Energy Finance


The four-year surge from 2004-2007 in investment
activity spanned all sectors, all geographies and all asset
classes, and as a result the clean energy financing
spectrum is well-developed, from very early stage
investment in emerging technologies, right through to
large established companies raising money on the public
markets.  


In 2008, new investment in clean energy is estimated to
have reached US$ 142 billion worldwide (see Figure 5),
down slightly from US$ 148 billion in 2007, but up nearly
fivefold from US$ 33.4 billion in 2004. While the global
financial crisis has slowed this growth, money is still
flowing into clean energy. While the 2008 total is down
only slightly from 2007, a strong start may disguise a
much weaker second half o   f the year. 


Of the 2008 investment, approximately 80%, or US$ 104
billion, was provided by third-party investors, such as
Venture Capitalists, Private Equity providers, Asset
Managers, Banks etc., to companies developing new
technologies, manufacturing production equipment, and
building new generation capacity across a range of clean
energy sectors (see Figure 6). Most investment is in asset
finance – building new renewable energy power
generation projects and biofuels processing capacity –
which is estimated at US$ 81 billion in 2008. Billions of
dollars have been flowing in via the world’s public
markets, with US$ 23.4 billion raised in 2007, but only
US$ 9.5 billion in 2008, as a consequence of the global
financial crisis. 


Wind is the most mature clean energy technology and
accounted for more than a third of capacity investment
(see Figure 7) – more than either nuclear or hydroelectric
power. A total of 21GW of new wind capacity was added
worldwide in 2007 – amounting to half of all new
renewable energy capacity and over 11% of all new
power generation capacity. In March 2008 the industry
passed the milestone of 100GW installed capacity (for
comparison, the United Kingdom has approximately
80GW of installed power generation capacity from all
sources). An estimated 25GW of new capacity was
added in 2008.  


Solar energy is the fastest-growing sector. The
development of large-scale solar projects propelled the
sector into the limelight in 2007, when it attracted US$
17.7 billion in project financing, nearly a quarter of all new
investment – up 250% on the previous year. Solar is also
the leading sector for venture capital investment, as
investors back such emerging technologies as thin film
(which uses less silicon and other non-silicon materials)
and Solar Thermal Electricity Generation (STEG), whereby
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Figure 9. Clean Energy and Climate Change Funds
by Region, 2008


Note: Data as of October 2008; Data refers to total assets managed


Source: New Energy Finance


meant wind, mostly in Denmark, Germany and Spain.
Since then renewable capacity rollout has shifted away
from Europe and towards China and the US. Developing
(non-OECD) countries attracted 23% (US$ 26 billion) of
asset financing in 2007, compared to just 13% (US$ 1.8
billion) in 2004, although the bulk of this went to the fast-
growing economies of China, India and Brazil. India and
China in particular are determined to become clean
energy powerhouses. By 2007, investment in clean
generation capacity in China – excluding large hydro
projects such as the Three Gorges dam – had soared to
US$ 10.8 billion.


Finally, the past few years have seen another trend of
significance in the financing of clean energy – the
provision of investment vehicles for those not able or
willing to make their own direct investments. In 2004,
there were only 10 quoted equity funds targeting the
sector, almost all of them run by specialist companies
such as Triodos, Sustainable Asset Management and
Impax. By the end of 2007, the lay investor had the
option of more than 30 funds, several managed by high-
street names such as Deutsche Bank, ABN Amro, HSBC
or Barclays. By October 2008 these funds had over US$
42 billion in assets under management (see Figure 9). A
number of Exchange Traded Funds had also been
launched, including the Powershares Global Clean Energy
Fund, which tracks the WilderHill New Energy Global
Innovation Index (NEX) and soon grew to have over US$
200m in assets under management.


the heat of the sun is concentrated with mirrors to
produce steam and drive a conventional turbine. Total
solar investment in 2008 is estimated at US$ 26 billion, a
10% increase on 2007.


The past few years have seen an explosion of interest in
clean energy by venture investors, attracted by the size of
the markets that will be created. New Energy Finance has
identified over 1,500 separate venture and private equity
groups, all searching for the clean energy equivalent of
Cisco, Dell, Amazon or Google. Indeed, Google itself is
one of the searchers, with a strong commitment to clean
energy.


It remains to be seen how many of these venture players
will retain their interest after the energy price crashes.
Having said that, venture and private equity investment in
the sector has continued throughout the financial crisis,
with an estimated US$ 14 billion of new investment
(excluding buyouts) in 2008. As well as the solar sector,
investors have been looking for winners among the next
generation of technologies, from cellulosic and algae-
based biofuels – which bypass the conflict between food
and fuel – through to energy storage and digital energy
management. Companies working on energy efficiency
have been attracting record investment, especially from
earlier-stage investors. The period 2003 to 2005 saw a
flurry of venture activity in the hydrogen and fuel cell
sector.


Investment in clean energy has not only increased over
the past few years, but has also diversified geographically
(see Figure 8). As recently as five years ago, clean energy
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Figure 10. Performance of NEX vs Major Indices, 2003 to 2008


Source: New Energy Finance, Bloomberg
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Figure 11. Correlation of NEX to Indices and Oil, 2003 to 2008


Source: New Energy Finance
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Note: Correlation measures how close the relationship between the NEX and other indices is. 
The higher the correlation, the closer the relationship. Negative correlation indicates a contrary 
relationship (when one goes up, the other goes down).
Correlation at 2 December 2008. Nymex Oil refers to oil futures; Amex Oil is an oil company 
index


Figure 12. NEX vs. AMEX Oil, NASDAQ and S&P 500, 
Sep 2005 – Sep 2008


Source: New Energy Finance


Note: Returns are over 3 years, annualized so they represent the compound annual return. 
Volatility is averaged over the same 3 year period.


Over the past few years, prior to the recent turmoil in the
global financial markets, investors made good returns
from clean energy investments at all stages of the value
chain. While the exceptional gains of the past few years
may have declined during 2008, the sector as a whole
has fared better than any major benchmark over the past
five years. 


4.1 Public Markets
The WilderHill New Energy Global Innovation Index (ticker
symbol NEX) tracks the performance of around 90
leading clean energy companies, spanning different
sectors, geographies and business models. 


Over the period from the beginning of 2003 to the end of
2007, the NEX rose from its index value of 100 to a peak
of 549.08, a compound annual growth rate of over 40%.
2007 was a particularly high-octane year, logging an
increase of 57.9%, and the index defied gravity for the
first three quarters of 2008, before succumbing to the
credit crisis and ending the year at 178 (see Figure 10). 


Back-testing suggests a fairly close correlation existed
between the NEX and NASDAQ between 2000 and
2003, when many renewable energy stocks were seen as
technology plays. However, this changed as clean energy
came into its own as an investment sector against a
background of higher energy prices, environmental and
geopolitical concerns. Now the NEX correlates most
closely with the oil price (see Figure 11). As the oil price
has fallen in recent months, so has the NEX, although
December 2008 saw further falls in oil prices along with a
recovery in the NEX.


Indeed, although historically clean energy stocks have
been more volatile than those from other sectors, their
returns have been consistently higher, making them an
attractive investment proposition on a risk-adjusted basis
despite their recent history (see Figure 12). Even after its
tumultuous 2008, the NEX remained up 75% on six years
ago – an annual return of 9.8%, unmatched by any of the
major stock market indices.


4.2 Venture Capital and Private Equity
On the venture capital and private equity side, some
spectacular returns were achieved during the period
2004 to 2007. 


For private equity players, one of the most successful
strategies during this period was to identify clean energy
companies which had been struggling to commercialize
their products or services during the period of low energy
prices, but which were now experiencing soaring
demand. Allianz Private Equity and Apax Partners shared


4. Investment Performance
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volume for the first three quarters of the year since 1977.
Meanwhile for those venture capital and private equity
investors who have raised their funds but kept their
powder dry, this looks like a good point in a notoriously
cyclical asset class to be making investments.


4.3 Asset Finance
The bulk of new investment in the clean energy sector
(approximately 80%) is in asset finance – to fund the
building of wind farms, geothermal power plants, biofuels
refineries and the like. A large number of different
financing structures have been used: fairly standard
project finance structures may account for the bulk of
deals, but utilities have funded much new capacity on
their balance sheets. In the US, tax equity tends to take
the place of debt; lease finance, export finance and
multilateral agencies such as development banks also
play a major role.


Typical project equity returns range from the very low –
perhaps where investors are driven by regulatory or
charitable requirements – to extremely attractive. Early
wind projects in Italy, for instance, were able to generate
equity returns of 20-30% because of high electricity and
Green Certificate prices, allied with good wind resources.
However, returns were later pushed down as there were
fewer sites to choose from. Indeed this trend has been
replicated in all major wind markets, with later projects
often located in lower wind speed areas, providing their
investors with lower returns. This has encouraged
investors to seek new markets to hit target returns,
including Latin America (especially Chile) and Eastern
Europe (particularly Poland, Romania and most recently
Bulgaria). It has also meant that utilities, whose target
rate of return is lower than that of private equity investors,
have become the leading proponents of greenfield wind
farms.


Equity investors in clean energy assets are typically
divided between three camps: the developer who
identifies the clean energy resource and puts the project
together; equity sponsors who help to fund the project
through the construction phase but aim to sell the
completed asset; and those primarily investing in
operating assets, who wish to avoid development risks,
specializing instead in the management of existing assets.
Naturally there is cross-over between these classes of
investor, where developers have sufficient capital to do
without equity sponsors and retain their portfolio of
developed wind-farms, but as capital has become more
constrained this is becoming the exception, rather than
the norm.


the private equity deal of the year in 2006. They bought
Hansen Transmissions, a leading provider of gearboxes
for wind turbines for € 132m, and 22 months later they
were able to sell it for € 465m to India’s Suzlon Energy,
then the world’s most valuable turbine manufacturer,
recording an IRR of 101% on their investment. Other very
successful deals of this nature included an investment
made by Goldman Sachs in Zilkha Renewables (later
renamed Horizon Wind Energy), which they were
subsequently able to sell to Energias de Portugal at a
substantially increased value.


Meanwhile in venture capital, investors in clean
technologies in Europe and the US were on track to
achieve excellent returns on their investments up to mid-
2008, according to the third annual European Clean
Energy Venture Returns Analysis (ECEVRA), completed
by New Energy Finance in collaboration with the
European Energy Venture Fair. 


The study, which is based on confidential returns by
investors at the end of H1 2008, covered 302 clean
technology portfolio companies, representing € 1.77
billion of venture capital invested in clean technology
since 1997. Of these, 26 have so far resulted in public
listing and 32 have been exited or partially exited via
trade sale. The success rate to date has been reasonably
high with a pooled gross IRR (at the portfolio company
level, not the fund level) of over 60%, based on the
limited number of exits and with only 23 companies being
liquidated or written off at the time of the study,. These
exceptional returns, were driven by the outstanding
success of a small number of early investments in the
solar sector – Q-Cells and REC in particular. Without
these, the pooled return was closer to 14%. As of mid-
2008 there had been relatively few down-rounds
(subsequent venture rounds at reduced valuations), but it
is a very young sample with relatively few exits to date. 


Of course these returns relate to an extraordinary period
in history – combining a period of extreme interest in all
things green with historically cheap access to debt. There
is no doubt that the next few years will be much harder
for venture and private equity investors in clean energy.
Any downturn in venture capital will not, however, be
confined to the clean energy sector. According to
quarterly analysis by Thomson Reuters and the National
Venture Capital Association (NVCA) of nearly 2,000 US
investors, venture capital performance dropped sharply in
the second quarter of 2008, although venture capital
returns still exceeded public market indices (S&P and
NASDAQ). Venture exits in general have also fallen
sharply. The first three quarters of 2008 saw only six IPOs
of venture-backed companies, representing the lowest
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The very rapid recent pace of growth in the wind industry
(25% compound annual growth in installation activity) has
afforded plentiful opportunities for financial investors.
Equity sponsors of projects under development are
exposed to significant development, financing, turbine
supply, and interest rate risks. They have, however,
succeeded in achieving strong returns. Good projects by
strong developers are able to sustain higher effective
interest rates and lower leverage, and so have remained
financeable throughout 2008. 
Yields from existing wind projects vary depending on
local tariffs and/or tax incentives, the wind regime,
maintenance costs, and financing structure. Ultimately
returns to investors purchasing operating wind assets will
depend on the entry price. With a significant number of
portfolios being put on the market by distressed sellers,
and the promise of cheaper debt in coming years, 2009
looks like it may be a good year for bargain-hunters.


Meanwhile in the solar sector, the cost of electricity from
photovoltaic cells is due to plummet in 2009. The second
issue of the quarterly New Energy Finance Solar Silicon
and Wafer Price Index, which was published in December
2008, forecasts average silicon contract prices falling by
over 30% during 2009. With thin-film PV module
manufacturing costs approaching the US$ 1/Watt mark,
crystalline silicon-based PV will come under severe
competition for larger projects, resulting in margins
shrinking throughout the silicon value chain, and
substantially lower prices for consumer. 


New Energy Finance analysis, based on the historic cost
experience curve, suggests that current silicon-based
solar module prices of US$ 4/Watt could drop to US$
2.60/Watt by the end of 2009, a reduction of 35%, before
leading manufacturers started making losses on marginal
sales. For a ground-mounted plant in a region with good
insolation, and based on a 6% real cost of capital, this
could translate into an unsubsidized generation cost of
US$ 0.17/kWh for crystalline silicon – competitive with
daytime peak retail electricity prices in many parts of the
world, but not yet with wholesale prices. 


According to the UN, over 2 billion people lack access to


modern fuels and 1.6 billion lack access to electricity.


Renewable energy can play a major role in addressing


energy poverty, but the traditional finance sector is ill-


equipped to finance their deployment.


A wide range of renewable energy technologies offer


promise in providing energy services to the poor in the


developing world – including micro-digesters to produce


gas for cooking and heating, solar water heaters and


cookers, advanced biomass combustion, and of course


distributed electricity generation from photovoltaic and other


sources. Indeed, where no grid or fuel distribution


infrastructure has yet been built, these solutions will often


be cheaper than traditional fossil-based sources of energy.


However, their provision will require the investment of


hundreds of billions of dollars over the coming decades.


Traditionally, governments, development agencies and


multilateral lenders such as the World Bank, Asian


Development Bank, and the EBRD have provided finance


focusing on large-scale projects. Effectively remedying


energy poverty will require a very large number of small


projects, requiring microfinance approaches that are


beyond the capabilities of most mainstream investors. In


addition, local entrepreneurs often need substantial support


in developing technologies and business models to deliver


solutions.


A number of organizations are working on innovative ways


of using microfinance to provide clean energy in developing


countries. An in-depth discussion of these financial


pioneers is beyond the scope of this report, but they


include the following:


• Acumen Fund www.acumenfund.org 


• D-Light Design www.dlightdesign.com


• E+Co www.eandco.net


• GEXSI www.gexsi.org


• Global Village Energy Partnership www.gvep.org 


• Grameen Shakti Bank www.gshakti.org


• Green Microfinance www.greenmicrofinance.org


• Solar Electric Light Fund www.self.org 


A survey of a further selection of providers has been


undertaken by the SEEP Network and can be found here:


http://www.seepnetwork.org 


Figure 13. Investment and Energy Poverty


Source: IEA WEO 2008
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5. Impact of the Global Financial Crisis


The global financial crisis of 2008, and the recession that
is following in its wake, represents a serious threat to the
clean energy sector. Short-term energy and carbon
prices have fallen, making clean energy less competitive
in immediate financial terms. At the same time risk has
been re-priced, and finance is much harder to come by.
The crisis may, however, also represent something of
opportunity: as policy-makers take decisive action to
refuel their economies, they are at least talking about
ensuring the resulting fiscal and monetary stimuli benefit
the clean energy sector. Beyond that, it remains to be
seen whether the crisis will shake policy-makers’
determination to shift to low-carbon energy and force
embattled voters to take painful action to limit
greenhouse gas emissions.


Clean energy investment held up well during the early
phase of the credit crunch, as did the valuations of


publicly-quoted clean energy companies, only to be very
hard hit during the closing months of 2008. 


The NEX index defied gravity for the first three quarters of
2008, trading mainly in the 350 to 450 range. The final
quarter of 2008, however, saw the index collapse,
touching a low of 135.15 in late November, a level not
seen since September 2003 – before the ratification of
the Kyoto Protocol, before Hurricane Katrina and
President Bush’s statement that the US was “addicted”
to oil, before the publication of the Stern Review, before
the premiere of the Inconvenient Truth. 
Since that low, however, the NEX index has bounced
back, ending the year at a slightly more respectable 178
– perhaps in recognition that the sector’s sell-off had
been overdone, perhaps as opportunistic investors began
to pick up bargains, and perhaps on hope that the
election of President Obama would create a floor through
which the sector would not fall (see Figure 14).


There are three reasons why the sector was hit so hard.
First, with energy prices collapsing by 70%, the sector
was bound to suffer – these are, after all energy stocks.
Second, investors were getting rid of stocks with any sort
of technology or execution risk, in favour of longer-
established businesses. Third, in an era of sharply
constrained credit, investors penalized companies with
high capital requirements – even the more established,
asset-based clean energy companies, which bear no
technology risk, being high-growth are capital-hungry. 


The collapse in valuations of clean energy companies
effectively shut the door to further fund-raising in the
public markets. New financings – IPOs, secondary
offerings and convertible issues – dropped by 60%


Figure 14. Performance of NEX vs Major Indices, 2008


Source: New Energy Finance, Bloomberg


Note: Index Values as of 31 December 2008; AMEX Oil, NASDAQ and S&P 500 rebased to 
455.19 on 31 Dec 2007


Table 1. Global Clean Energy Investment, 2007-2008: US$ billion


Asset Class 2007 2008e           Change


Venture Capital/Private Equity US$ 9.8 billion US$ 14.2 billion 45%


Public Markets US$ 23.4 billion US$ 9.4 billion -60% (minus)


Asset Finance US$ 84.5 billion US$ 80.6 billion -5% (minus)


Total US$ 117.7 billion US$ 104.2 billion �11%


Source: New Energy Finance


Note: 2008 estimates are New Energy Finance preview figures, published in October 2008
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energy investors is that supporting the sector is seen by
the leaders of many of the world’s major economies as
consistent with achieving this goal. As they address the
urgent problems and then the longer-term structural
weaknesses of their economies, the clean energy sector
stands to benefit as follows: 


1.Monetary stimulus. An enormous monetary stimulus
has already been applied in every major economy of
the world – central bank rates have dropped to levels
not seen for half a century. At the time of writing, this
wall of cheap debt has not yet worked its way through
the system, as banks steward their capital in fear of the
levels of defaults which will emerge as the recession
bites. However, at some point a flood of cheap money
will begin to flow, and when it does, clean energy
infrastructure – safe projects with reliable yields – will
be among the first to benefit. Renewable energy
projects generally have higher up-front costs but lower


between 2007 and 2008 to US$ 9.4 billion (see Table 1),
mainly because of turbulent market conditions and lower
valuations. 2007’s total was boosted by Iberenova’s US$
6.6 billion IPO, the fourth largest in the world in any
sector.


Venture capital and private equity to a certain extent
stepped in where the public markets stepped out during
2008. New investment – i.e. excluding buyouts – is
estimated to have reached US$ 14.2 billion in 2008, 45%
higher than a year earlier. Venture capitalists, those that
have already raised funds and now need to put them to
work, have continued to invest, particularly in the solar
and digital power sectors. In the wake of decreased
leverage, there is evidence that some private equity
players have preferred to invest expansion capital with
modest leverage rather than return money to their limited
partners. Meanwhile, anecdote suggests that valuations
have come down, though not quite to the extent of public
market valuations, making this a good time to invest for
those that have funds available.


The most serious impact of the credit crunch has been
felt in asset finance. New build investment volumes fell
steadily throughout 2008, from a peak of US$ 26.7 billion
in Q4 2007. They are forecast to total US$ 80.6 billion in
2008, a fall of only 5% on the year before, but the true
scale of the drop in investment is masked by investment
in the first half which was much higher than in the same
period in 2007. By the final quarter of the year,
investment volume was down over 30% on the peak. Not
only has it become harder for clean energy project
developers to access capital, but borrowing costs have
risen sharply. Even though underlying central bank
interest rates have fallen around the world, interbank
lending rates have risen and project debt spreads have
widened: in the European wind industry, for example,
borrowing margins have more than doubled from 80
basis points over Euribor in the second half of 2007 to
170 basis points in 2008 (see Figure 15). 


Even during the darkest weeks of October and
November 2008, investment deals continued to close,
including a rights issue by Brazilian bioethanol leader
Cosan, which raised US$ 412m, and Chinese wind
turbine manufacturer Dongfang Electric Corporation,
which raised US$ 195m in a secondary offering. In
addition, over 80 VC and PE deals were completed in Q4
2008.


A repeat of the collapse in investment in clean energy
which followed in the wake of previous spikes in energy
prices in the 1970s and 1980s, therefore, does not look
likely. For one thing, there is a web of policy in place


around the world which supports a mandated level of
activity far in excess of previous levels. Secondly, no
serious commentator expects oil prices to revert to the
US$ 25 per barrel median price (in 2008 money) which
prevailed throughout the 1990s. Growing demand for oil
– much of it fuelled by the rising middle classes in China
and India – is demanding the exploitation of ever more
expensive sources of supply – deeper offshore fields,
shale oils and tar sands – driving up the cost of marginal
production. 


There is no question that the short-term priority for the
world’s policy-makers is to do whatever is necessary to
prevent the effects of the financial crisis turning from a
recession to a depression. The good news for clean


Figure 15. Debt spread chart for 200MW European area 
wind farm, 2007-2008


Source: New Energy Finance, Bloomberg


Note: Data as of 13 December 2008
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or no fuel costs, making them more than averagely
sensitive to periods of higher interest rates or credit risk
aversion – and more than averagely responsive as
interest rates fall.


2.Fiscal stimulus. Around the world debate is raging,
not about whether fiscal stimulus is needed, but how
much and what sort. Policy-makers are trying to
ensure that any fiscal stimulus multitasks by supporting
short term consumption and jobs and building the
long-term productive capacity of the economy, as well
as moving us along in achieving our long-term goal of
a sustainable energy system. The development of
clean energy technologies, rolling out a fully digital grid,
properly insulating homes and offices, and educating a
new generation of engineers, technicians and scientists
meet all of these criteria and could be part of many
fiscal stimulus programmes.


3.Deficit reduction. Policy-makers are likely to look for
sources of tax which are not only substantial, but at the
same time encourage the move towards a low-carbon
economy. And that means the likely dismantling of any
fiscal support for fossil fuels – fuel subsidies, research
grants, exploration concession waivers, investment tax
holidays, accelerated depreciation, export guarantees
and soft loans. Then we could see increasing energy
taxes, a dramatic reduction of fuel subsidies in the
developing world, and either a carbon taxes or cap-
and-trade schemes with auctioning of permits.


The position of US president-elect Barack Obama is of
particular interest in this context. During his campaign, he
stated that “there is no better potential driver that
pervades all aspects of our economy than a new energy
economy ... that’s going to be my No. 1 priority when I
get into office.” As well as supporting the extension to the
Production Tax Credits and Investment Tax Credits, so
instrumental in the development of the US wind and solar
sectors, he has indicated his support for a federal
Renewable Portfolio Standard (the minimum proportion of
renewable power in the electricity mix) of 25% by 2020.
He has also committed to spending US$ 150 billion on
clean energy over the next 10 years. 


Since his election, President-Elect Obama has galvanized
the world’s carbon negotiators by restating his
commitment to provide leadership on the issue of
greenhouse gas emissions. By the time this report
appears, President Obama’s inauguration will have taken
place, and he may have outlined both the nature of the
fiscal stimulus that will be applied to the US economy in
2009, and his policy towards clean energy.


In summary, while the global financial crisis has certainly
brought the clean energy sector down to earth with a
bump, the fundamental drivers – climate change, energy
security, fossil fuel prices and scarcity – remain strong.
With continued government support through the current
financial crisis, the sector will likely see a return to its long
term growth trend in the near future.
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6. Eight Key Renewable Energy Sectors


No-one can predict with any certainty what the energy
mix will look like in 2030, let alone 2050. Fossil fuel
generation will undoubtedly still be a substantial part of
the equation. However, it is clear that any future low-
carbon energy infrastructure will have to include a
significant proportion of energy generated from renewable
sources – most scenarios showing the proportion of
primary energy having to reach 40-50% by 2050. Some
of the leading technology contenders are emerging and,
in some cases have begun to build significant experience.


In this section, we highlight eight renewable energy
technologies which look particularly promising in terms of
two factors: abatement potential and current state of
competitiveness. In the next section we will look at some
of the other technologies – principally around the
digital/smart grid, energy efficiency, power storage and
carbon capture and sequestration – which will be
required if low carbon energy is to fulfil its full potential
within the future energy mix.


1.Onshore Wind. The most mature of the renewable
energy sectors, the onshore wind industry saw 21GW
built in 2007, bringing installed capacity to over
100GW. In Germany, Spain and Denmark wind power
now supplies 3%, 11% and 19% respectively of total
electricity production during the course of the year, and
in Denmark up to 43% of the country’s electricity
demand at times of peak wind supply. Electricity from
onshore wind can be generated at prices of 9-13
c/kWh, making it only 32% more expensive than
natural gas CCGT, even in the absence of a carbon
price.


2.Offshore Wind. When the best sites for onshore wind
have been snapped up, the next place to look for large
quantities of renewable energy is offshore. Offshore
wind offers enormous potential, with stronger more
predictable winds and almost unlimited space for
turbines. Planning permission can be easier to obtain
than onshore, farms can be built at scales impossible
on land, and the availability of space is almost unlimited
if deep waters are mastered. At present, the cost of
electricity from offshore wind is high – around 16-21
c/kWh – but this will come down rapidly as more
project experience is gained.


3.Solar Photovoltaic Power. Photovoltaic (PV)
technology has made very rapid strides in the past four
years, in terms of reducing the cost of crystalline silicon
(its main component) and commercializing thin film
technology, with investment volume growing to US$ 50
billion in 2007-2008. Although there has been a
bottleneck in the production of solar-grade silicon, new


capacity is coming on line and costs are set to drop
rapidly from US$ 4/W to US$ 2.60/W by the end of
2009, making unsubsidized solar PV generation costs
comparable with daytime peak retail electricity prices in
many sunny parts of the world. 


4.Solar Thermal Electricity Generation. While PV is
ideal for smaller projects and integrated into buildings,
the technology of choice for big solar plants in the
world’s deserts looks set to be Solar Thermal Electricity
Generation (STEG): concentrating the heat of the sun
to generate steam, which can be used in conventional
and highly efficient turbines. There are relatively few
projects up and running yet, but with costs already in
the 24-30 c/kWh range, this technology is shaping up
to be a part of the solution in the sunniest parts of the
world.


5.Municipal Solid Waste-to-Energy (MSW). The use of
municipal solid waste to generate energy is increasing,
led by the EU countries. Waste has traditionally been
deposited in landfill sites, a practice which is becoming
increasingly expensive and constrained by shortage of
sites. Landfill also creates methane, a powerful
greenhouse gas. Waste that cannot be recycled,
however, can be used to generate electricity by a
variety of technologies at costs starting at 3 to 10
c/kWh. Government support for the development of
MSW plants is increasing, for example through the
Private Finance Initiative (PFI) in the United Kingdom.
The US MSW sector is also seeing a resurgence, with
specialist operators planning to build several new
plants.


6.Sugar-based Ethanol. The period 2004-2006 saw US
investment in biofuels soar, with investors pouring US$
9.2 billion into the sector. But most of this flowed into
corn-based ethanol, which is more expensive to
produce than sugar-based ethanol, subject to volatile
prices and controversial because its feedstock is a
food staple around the world. By contrast, Brazilian
sugar cane-based ethanol is competitive with oil at
US$ 40 per barrel; it grows well in many southern
hemisphere countries (and far from the Amazon); and
there is no shortage of land to increase production
substantially without jeopardizing food production.


7.Cellulosic and Next Generation Biofuels. The
argument over food vs fuel is an emotive one. In most
regions, there is sufficient land to increase biofuels
production from the current 1% of transport fuel to 3%
or even 5% without impacting on food availability (as
long as we can quickly return to increasing annual
agricultural productivity). But after that the only way to
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increase production of biofuels will be to source
feedstock that does not compete with food. Luckily,
the cost of producing biofuels from agricultural waste
through cellulosic conversion and algae is coming
down rapidly, and the future fuel system is likely to
include a proportion of fuels from these sources. Future
technologies could include artificial photosynthesis and
synthetic genomics.


8.Geothermal. Geothermal power is particularly
attractive as a renewable energy source because it can
be used as predictable base-load power in a way that
wind and solar power cannot be. Until now, geothermal
power has been used only in limited regions, but a raft
of new approaches has helped make it economically
viable across a wider area. In addition, all countries can
exploit geothermal resources for ground source heat
pumps or district heating, if not for large-scale
electricity generation.


Figure 16. Clean Energy and Traditional Technologies – Range
of Levelized Costs of Energy, December 2008, US$/MWh


Source: New Energy Finance


Note: Levelized Cost of Energy (LCOE) allows different energy generation technologies to be
compared, taking into account their cost of production and generation efficiency. Figures
indicate the required range of generation price for each clean energy technology to be
competitive. Levelized costs exclude any subsidies. LCOE analysis assumes an internal
hurdle/return rate of 10%, which is used to derive generation costs. Base case assumptions:
interest rate = 2.5%; Fuel price (2009): Coal = US$ 115.29/tonne, Natural Gas = US$
11.49/MMBtu; Carbon price (2009) = US$ 28.11/tonne.


Base case Interest rate Fuel prices Carbon Potential cost in low interest, high
power generation -300 bp +20% prices fuel and carbon cost scenario
cost (US$/MWh) (% change) (% change) +20% this excludes any impact of scale
and (comparative (% change) or experience curve!
ranking) (US$/MWh) and (revised


comparative ranking)


Coal Fired 40.6 (1) -7.1% +6% +45% 58.1 (4)
Natural Gas CCGT 82.0 (5) -1.3% +16% +14% 104.8 (6)
Geothermal – Flash Plant 44.3 (2) -4.6% - - 42.3 (1)
Geothermal – Binary Plant 58.0 (3) -5.1% - - 55.0 (3)
Wind – Onshore 108.2 (6) -10.4% - - 88.8 (5)
Wind – Offshore 181.8 (7) -5.5% - - 171.8 (7)
Biomass – Municipal Solid Waste 67.5 (4) -12.1% - - 54.8 (2)
Solar Thermal – Trough 270.9 (8) -7.7% - - 249.9 (8)
Solar PV – Crystalline 445.7 (9) -8.1% - - 409.5 (9)


Table 2. Sensitivity of Power Costs to Changes in Inputs


Source: New Energy Finance


Note: Levelized Cost of Energy (LCOE) allows different energy generation technologies to be compared, taking into account
their cost of production and generation efficiency. Levelized costs exclude subsidies. LCOE analysis assumes an internal
hurdle/return rate of 10%, which is used to derive generation costs. LCOE analysis assumes an internal hurdle/return rate of
10%, which is used to derive generation costs. Base case assumptions: interest rate = 2.5%; Fuel price (2009): Coal = US$
115.29/tonne; Natural Gas = US$ 11.49/MMBtu; Carbon price (2009) = US$ 28.11/tonne
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Further details of each of these leading sectors is
included in Appendix I, and summarized in Table 3. The
relative scale, technology gaps, potential bottlenecks and
policy requirements for each sector are outlined.
It is important to emphasize that these are by no means
the only clean energy sectors of promise. There are many
other emerging technologies – a wide range of biomass-
based power generation approaches, wave and tidal
power, ground source heat pumps, ocean thermal and
osmotic power – each of which has substantial potential
and its fervent admirers.


Nuclear power is also set for a renaissance in many
countries around the world. Nuclear energy’s share of total
electricity production has remained steady at around 16%
since the 1980s, when 218 reactors were built around the
world. However, nuclear power will clearly be part of any
future energy system, although its contribution will be
limited by issues of cost, storage, safety and public
resistance. We do not consider it in detail in this paper.


Although the eight key technologies highlighted here are
not yet fully cost competitive on a levelized basis, i.e.
without subsidies (see Figure 16), the economics of
experience curves and fossil fuel depletion are working
powerfully to level the playing field. Renewable energy is
becoming cheaper as technologies increase in scale and
operating experience. This trend has been obscured
recently by surging commodity prices and supply chain
bottlenecks, but with new industrial capacity coming on-
line we are about to see falls in the cost of clean energy. 


It should be noted that any comparison of levelized costs
of different energy sources is a minefield: 
• What cost should one use for each energy source?
There is no single point number which can be used:
costs vary by the nature of the resource, the distance
to the source of demand, the age and efficiency of
the local infrastructure. 


• What is the levelized cost of competing technologies?
Fossil-based energy has undoubtedly benefited from
substantial public investment globally in the past, but
in pure economic terms that should be treated as a
sunk cost; any subsidies to the fossil fuel sector,
however, must be taken into account. But what about
the enormous contribution to national treasuries
generated through fossil fuel taxes? 


• What assumptions should be made about future
prices of fossil fuels? And interest rates? Renewable
energy, with most of its costs up-front, may win in a
high-fuel-cost, low-interest-rate scenario, but not
otherwise (see Table 2. ). It is worth pondering in this
context the impact of the current extreme monetary
stimulus, coupled with the drop in oil and gas
investment we are seeing around the world.


• How should one measure and attribute the
“externality costs” of fossil-based energy? Burning
fossil fuels has negative impact on public health and
the environment – principally in terms of climate
change – which are not borne by the energy sector.
Over time, these externalities look set to be
increasingly priced in to investment decisions, as
shown by the abandonment of plans for scores of
new coal-fired power stations in the US (e.g. the TXU
transaction). We will look at the question of the role of
carbon markets in spurring a shift to clean energy in
Section 8. 


As discussed above, the exact levelized cost of energy is
contingent on an array of macroeconomic variables that
can be difficult to forecast. Inputs such as prevailing
interest rates, fuel prices and the market price of carbon
can have large impacts on the final cost calculus. Table 2
shows a few examples of sensitivity analysis for these key
variables. Electricity generation from renewable energy
very often has little to no variable cost, instead front-
loading the vast bulk of the lifetime cost in the upfront
capital expenditures (capex). As opposed to natural gas
generation, where the bulk of the lifetime cost is
embedded in the variable fuel costs, capex-heavy
generation is very dependent on the price of financing. In
our low interest scenario, with a 300 basis point net drop
in interest rates, solar PV and onshore wind fall by 8.1%
and 10.4% respectively, while natural gas falls by only
1.3%. Capital costs for coal-fired plants have risen
substantially over the last few years, making it also quite
responsive to interest rate fluctuations. The fuel price and
carbon price analysis show that natural gas has a
significant advantage in a high carbon environment due
to its relatively low emissions while coal cost rises
precipitously by 45%.


The low interest, high carbon, and high fuel price scenario
shows the plausibility of onshore wind, geothermal and
biomass becoming competitive with fossil fuels
unsubsidized and without significant cost reductions. In
fact in many markets renewable energy is already
becoming economically viable. While our global baseline
average for natural gas sits at US$ 82/MWh, the high
volatility of gas prices has lead many market operators to
calculate a risk-adjusted cost of US$ 100-110/MWh,
bringing onshore wind into the fray. In particularly sunny
climates, solar PV and solar thermal correlate very well
with demand peaks and already find themselves close to
parity with peak power prices. While our best case
scenario still leaves many forms of renewable energy
generation with a sizeable gap to competing with fossil
fuels, their rapid descent down the experience may push
them into the energy mix faster than most expected.
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abating a unit of energy is around 35% lower than in
developed countries (because here, energy savings are
more marginal and therefore expensive). But in
developing countries, investment is harder to come by
and there is a sense of “It’s our turn now”, which can
make them particularly resistant to pressure from
countries that have already enjoyed their industrial
revolutions.


In terms of sector, most energy efficiency opportunities lie
in the industrial sector (49%), followed by residential
(23%), transport (15%) and commercial (13%). Many of
these efficiencies could be realized quite easily and cost-
effectively. For example, much of the potential for
industrial energy efficiency is in emerging markets, such
as China, where the cost of realizing them is on average
33% lower than in the US, and as much as 50% less in
some other countries. Buildings can be even made
energy positive, meaning they produce more energy than
they consume by using integrate solar PV (roof, facade,
window), chromic glass, heat-exchangers/pumps, smart
devices, and smarter architectural building designs. In the
residential sector, nearly 80% of the investment would be
directed at just one area – installing more efficient heating
and cooling systems in existing and new homes.


However, it should also be noted that the experience
from countries such as Denmark and Japan has shown
that exploiting energy efficiency opportunities requires
sustained public policy support over an extended period.
One particular barrier to achieving step change
improvements in energy efficiency world is the nature of
utility regulation in the developed world: as long as utilities
are able to earn more – even after any penalties or fines –
for selling more gas or electricity – they will have little real
incentive to help their clients reduce energy demand. So
you have the paradoxical situation whereby utilities, with
the lowest cost of capital of any companies, raise money
to build power stations to meet additional demand from
clients who can easily make energy savings with
extremely short payback periods. This is a problem that
can, and must, be solved by a combination of changes
to utility regulatory frameworks, combined with a
revitalization of the Energy Service Company (ESCO)
model, whereby third parties (including utilities) underwrite
the capital cost of energy-saving improvements, and
share in the resulting cash savings.


7.2 Smart Grid
As well as using what energy we generate more
efficiently, we need to streamline power generated from a
far more diverse range of sources than currently – and
this will require substantial investment in electricity


The shift to a low-carbon energy system will not be
achieved simply through the addition of new sources of
clean energy. It will also be necessary to make wholesale
changes in the way energy is distributed, stored and
consumed.


The cheapest and easiest way to reduce CO2 emissions
– particularly in the short term – will be through improving
energy efficiency. Renewable energy, while plentiful and
increasingly cheap, generally has the twin disadvantages
of being intermittent, and not co-located with the source
of demand. Investment will be required in power storage
and in energy distribution systems, principally the grid.
Finally, given the abundance and security of coal
supplies, it is essential that we unlock the potential of
carbon capture and sequestration (CCS) technology.


7.1 Energy Efficiency
Energy efficiency can make a significant contribution
towards closing the gap between energy demand and
supply. It has frequently been said that the cheapest
source of energy is the energy never used. There are
enormous opportunities for improving the efficiency of the
world’s energy infrastructure, both on the supply and on
the demand side – and many of them could even
produce returns above the cost of capital of any major
business. 


A McKinsey Global Institute report published in July 2008
– How the World Should Invest in Energy Efficiency –
argues that targeting cost-effective opportunities in
energy productivity could halve the growth in energy
demand and cut emissions of greenhouse gases, while
generating attractive returns for investors. Boosting
energy efficiency will help stretch energy resources and
slow down the increase in carbon emissions. It will also
create opportunities for businesses and consumers to
invest US$ 170 billion a year from now until 2020, at an
attractive 17% average internal rate of return.


However, there are several barriers blocking investment in
and adoption of energy efficiency technologies. Market
and policy barriers include a general lack of consumer
education, fuel subsidies that encourage (or at best fail to
discourage) inefficient energy use, and an asymmetry of
benefit that leaves landlords and tenants resistant to
energy efficiency because they believe that the other side
stands to gain more.


A further challenge is the fact the most energy efficient
opportunities are in developing countries – McKinsey’s
analysis suggests that two-thirds of the US$ 170 billion
required investment would go to developing economies,
where it would be more efficiently used as the cost of


7. Four Key Enablers
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networks around the world. The world’s electricity grids
were designed to distribute power cheaply and reliably
from large centralized power stations to broadly
distributed demand. The grid of the future will have to
cope with decentralized, fluctuating supply. They will also
be expected to deliver a far more sophisticated range of
services to help with demand-side energy management.
Only a new and fully digitally-enabled grid architecture will
be able to meet these needs, and the investment
requirement is estimated by New Energy Finance at US$
10 trillion, (including US$ 6.8 trillion to repair and replace
the existing transmission and distribution network).
“Smart grid” technology will allow intermittent power from
renewable sources such as wind and solar, as well as
distributed generation, to be integrated into the grid
alongside baseload power from conventional sources and
nuclear energy. Sophisticated software to manage (and
ideally match) electricity supply and demand in the most
efficient way possible will ensure that power is delivered
where and when it is needed.


Further downstream, there are a variety of technologies
that aim to optimize energy supply and demand
networks. Metering technologies can be used to monitor
energy use in homes and offices, or individual energy-
using devices. Metering data can incentivize owners to
cut down on energy use, while a utility can use the
information to help optimize their energy use. Smart grid
technology developers create a real-time feedback loop
between customers and suppliers allowing them to
optimize their energy consumption during peak power events. 


7.3 Power Storage
Power storage will be another key feature of the energy
supply of the future. Across the energy system the need
for energy storage is increasing, whether to power hybrid
and electric vehicles, to smooth out fluctuations in supply
and demand, balance intermittent renewables, or to
extend appliance functionality. All application areas will
provide investment opportunities in the coming years as
the need for low cost, lightweight, high energy density
technologies intensifies. 


The hybrid vehicles of today use nickel metal hydride
(NiMH) batteries. Next generation vehicles such as plug-in
hybrids (PHEVs) or full electric vehicles (EVs) will most
likely use lithium ion batteries. A number of start-up
companies in the US and Europe are working on
developing new low cost solutions. However, the battery
alone will not determine the success of an EV and
therefore design of the vehicle itself is of the utmost
importance. As with batteries many new venture backed
companies are developing new vehicles. Of course, the
large automakers are working hard to develop technology


of their own, however it is an area that most of left
undeveloped for some time. 


Technologies for bulk storage vary between traditional
methods, such as pumped hydro and compressed air
energy storage (CAES), to novel methods such as
advanced batteries. For high power density applications,
such as balancing short-term grid fluctuations, flywheels
and ultracapacitors are beginning to be explored. Both
pumped hydro and CAES require specific geographical
and geological formations such as rivers that can be
dammed or salt caverns, respectively. Therefore, batteries
may be a more versatile next generation technology. In
particular, sodium sulphur batteries or flow batteries such
as vanadium redox have begun to be implemented for
peak power load levelling and storage of intermittent wind
energy. The cost of grid scale bulk storage for 1MWh of
electricity ranges from US$ 40 to US$ 180, depending on
the technology used.


Intermittent renewable energies such as wind will benefit
greatly from power storage. Such functionality would
provide enhanced reliability, balance frequency
fluctuations from turbines and potentially allow for price
arbitraging – selling wind generated off-peak during peak,
high demand and high price electricity periods. However,
battery technologies are still too expensive for price
arbitraging. Prices will need to fall to US$ 50/MWh to
prove economically feasible. New Energy Finance
estimates that the current cost of utilizing battery
technologies ranges from US$ 180/MWh for sodium
sulphur batteries to US$ 114MWh for vanadium redox
batteries. Several venture backed companies claim to be
developing technologies that would provide significantly
lower US$/MWh costs. 


7.4 Carbon Capture and Storage
A major component to all models outlining potential
solutions to climate change, carbon capture and storage
(CCS) involves removing CO2 from processes that utilize
fossil fuels for power or industrial applications, then
trapping it in subsurface geologic formations or using the
gas for other purposes. As CCS is the predominant
means by which the concept of clean coal is to come to
fruition, and since coal-fired power generation accounts
for 41% of global emissions, the potential for CCS
deployment is enormous. However, up to now, CCS has
experienced difficulties in gaining widespread use due to
technical issues, but mostly because of insufficient
legislative incentives, incomplete regulatory frameworks,
and lack of public acceptance.


At present, government incentives are vastly insufficient
to meet the high cost of capture and storage, which
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currently totals approximately US$ 115 per tonne CO2
saved (and US$ 100 per tonne CO2 saved for capture-
only). By 2020 however, the market will be able to
support extensive CCS deployment in the EU, Australia,
US and Canada, although CCS, induced by trading
programmes alone, will not exceed 275 million tonnes
CO2e injected per year. This number is a vast increase
from the current yearly injection rate of 18 million tones
CO2e, but still only accounts for a reduction of roughly
1% of global emissions and is equivalent to the emissions
from just 41 coal-fired power stations. Clearly,
government mandates are needed to increase CCS as a
means of carbon mitigation. Post 2020, the continuous
lowering of emission targets will make CCS the essential
abatement option for many countries and together with
carbon trading will therefore ensure its further
deployment. 


The current push in CCS research and development is
two fold; implementation of demonstration projects and
improving CO2 capture techniques. For CCS to become
a widespread commercial option, the entire process from
capture to storage and monitoring must be demonstrated
on a utility scale. This has not yet happened, but several


such projects are in planning, totalling over US$ 53
billion, and many smaller ones are currently underway. A
major obstacle to the construction of large-scale
demonstrations is cost, which is expected to decrease by
more than half the current price, to US$ 30-60 per tonne
CO2 saved, as capture technology improves. There are
currently over 190 capture technology demonstration
projects underway worldwide. 


Besides working out the technical and economic details
of CCS, demonstration projects will serve to provide
information necessary to establish effective regulatory
frameworks. Several countries have completed drafts of
such frameworks.


As carbon prices are unlikely to exceed US$ 50 per
tonne in the short term, CCS demonstration projects,
utility scale and smaller, will be completed only with
strong assistance from the public sector, and will be
coupled with revenue-generating activities such as
enhanced oil recovery. However, post 2020, as carbon
prices rise and the cost of capture decreases, CCS will
become more and more a part of global emissions
reductions.
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8. Carbon Markets


We are moving inexorably towards a world in which
greenhouse gas emissions will have a cost. Over the next
two decades this will transform the economics not only of
the energy sector, but of all energy-intensive industries.
However, carbon pricing alone will not be sufficient to
spur a shift to clean energy in the short to medium term.
But over the longer term carbon prices will be an
increasingly important driver of investment in clean
energy.


Despite the turmoil in the world’s financial markets, 2008
was another year of record growth in the carbon markets.
Transaction value in the global carbon market grew 81%
over the first nine months of 2008, reaching a total value
of US$ 87 billion and is likely to exceed US$ 100 billion
by the end of the year (see Figure 17). 


How Carbon Markets Work
Carbon markets do not trade carbon in the way that
copper markets trade copper, or oil markets trade oil.
What changes hands is the right to emit a certain volume
of CO2 or an equivalent amount of another greenhouse
gas. 


The intention is first to put a price on emissions that have
until now been cost-free, and second to allow trade in
permits, so that those who can most easily reduce
emissions have the greatest incentive to do so. There are
other ways of spurring emission reductions: governments
can simply mandate them, perhaps demanding the use
of energy-efficient technologies – but this brings all the
risks of centralized control and picking technology
winners. A carbon tax is the other solution often mooted.
While simple to collect, it fixes the price of emissions but
not their volume, which one can then only hope will be
reduced according to plan. 


Cap-and-trade, in principle (i.e. before allowing the
trading of project-based credits from outside the capped
region or industries), fixes the volume of emissions and
then lets the market find the appropriate price level. In the
short term, this may be driven by the usual factors –
sentiment, liquidity, news-flow, momentum and so on –
but in the long term, prices are driven by the number of
credits created, the expected demand from industry,
and the ease of closing any shortfall between supply
and demand, using technology and investment
available during the relevant commitment period (see
Figure 18).


EU-ETS and Global Kyoto Compliance Markets
Currently the most liquid markets are the European Union
Greenhouse Gas Emission Trading Scheme (EU-ETS) and
the global Kyoto compliance market.


The EU-ETS, which started its second phase in 2008,
covers some 45% of Europe’s total greenhouse gas
emissions. It has dominated carbon credit trading to
date, accounting for 79% of transactions by value.
Despite some downward movement in price towards the
end of 2008 as a result of the global economic downturn,
the average settlement price of European Union
Emissions Allowances (EUAs) closed the year at around
US$ 25 per tonne (see Figure 19).


The Kyoto compliance market arose because signatory
governments in the developed world can purchase
credits from emissions-reducing projects to contribute
towards their reduction commitments. These can either
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Figure 17. Global Carbon Credit Trading Volume,
2004-2008, US$ billions


Source: UNFCCC data, New Carbon Finance analysis
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be generated in the developing world under the Clean
Development Mechanism (CDM), or in developed 


countries under the Joint Implementation Mechanism (JI).
CDM credits, known as Certified Emission Reductions
(CERs), accounted for 17% by value of carbon trading
transactions under the EU ETS in 2008. 


In order to qualify, each CDM project has to be registered
with the UN. The process was initially hampered by
bureaucratic delays, but there are now some 4,000
projects in the registration pipeline, which New Carbon
Finance expects to yield some 1.5 billion CERs by 2012.
This figure rises to more than 1.8 billion tonnes when an
estimate for projects that have yet to enter the pipeline is
included. Early CDM projects earned returns of hundreds
of millions of dollars for modest investment by targeting
industrial gases with greenhouse gas effects thousands
of times more powerful than CO2. Since then, however,
the CDM has catalysed the investment of many billions of
dollars in clean energy in developing countries. 


By the end of 2008, 59% of all CDM projects were based
on renewable energy or energy efficiency, although their
modest size means they account for only 37% of CERs;
this is expected to grow to nearly 60% by 2012 as the
potential for industrial gas projects has largely been
exhausted. By the end of 2012 we estimate that the
CDM will have stimulated the flow of roughly US$ 15
billion from developed to developing projects for
investment in low carbon projects in developing
countries.


Other Emerging Carbon Markets


Where the EU ETS and the Kyoto Compliance Markets
have led, others are now following. The Australian Carbon
Pollution Reduction Scheme is scheduled to start


operation in 2010. Japan is trialling a voluntary ETS after
years of negotiation between government and powerful
utilities and industry groups. 


The US, which could – some would say should – be the
deepest carbon credit market in the world, has been
somewhat left behind, but is now making rapid progress.
The Regional Greenhouse Gas Initiative is up and
running, albeit with modest carbon reduction ambitions.
California and the Western Climate Alliance are working
on state-level or regional plans. Then there is the
voluntary market, rapidly taking shape and increasing in
volume. And President-Elect Obama has clearly stated
his support for a federal cap-and-trade scheme.
The emerging mosaic of carbon markets may look
chaotic, but what we are seeing is the emergence of a
system of interlinked, policy-led financial markets, similar
to today’s currency markets. 


Figure 19. EU-ETS Price History: Phase II EUA and CER prices,
July 2007-December 2008, €/tonne CO2e


Source: ECX, New Carbon Finance (volumes are from ECX and BlueNext only)
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Several organizations and projects have been set up


to share information and encourage investment in


renewable energy, energy efficiency and the carbon


markets. These include:


• Basel Agency for Sustainable Energy


www.energy-base.org 


• Carbon Disclosure Project www.cdproject.net


• CERES www.ceres.org 


• Clean Energy Investment Working Group


www.cleaninvestment.org/ 


• Energy Efficiency 21 www.ee-21.net 


• European Energy Venture Forum


www.europeanenergyventurefair.com


• Institutional Investors Group on Climate Change


www.iigcc.org 


• Investor Network on Climate Risk www.incr.com 


• London Accord www.london-accord.co.uk


• Renewable Energy and Energy Efficiency


Partnership www.reeep.org 


• Sustainable Energy Finance Alliance


www.sefalliance.org


• UNEP Sustainable Energy Finance Initiative


www.sefi.unep.org 


Figure 20. Existing Multinational Initiatives
Promoting Investment in Clean Energy


Source: New Energy Finance
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Potential Future Developments
Perhaps the biggest problem the carbon market presents
to investors – other than its sheer complexity – is its
apparently uncertain future. The Kyoto Protocol in its
current form lasts only until 2012. Two processes are
under way, working to develop a successor regime: one
involving those nations that have ratified Kyoto, and a
second, the so-called Bali roadmap, which includes
the US.


The December 2008 Poznan negotiating session, which
took place after the US election but before the
Inauguration of President Obama, produced little of
substance, although this was not surprising. Issues
debated included the adoption of emissions targets for
large developing countries (India and China) – although
this was firmly rejected, the structure of the CDM, the
inclusion of credits from avoided deforestation and
carbon capture and sequestration and, of course, the
potential commitment by the US. President Obama has
signified that such a commitment will be forthcoming
under his leadership, and the world is holding its breath
to see what comes out of negotiations in Copenhagen in
December 2009. This is seen as the last chance if there
is to be a solution in place before the current Kyoto
arrangements expire in 2012, although missing that
deadline does not mean the process is dead, so an
extension is possible, if not probable.


Whatever happens in Copenhagen, the future of the EU
ETS and CDM is secure. The EU has shown a strong
commitment to climate goals in general – most recently
passing the climate package which sets out its target of
reducing emissions by 20% by 2020, and by 30% if other
nations join in – and to the EU ETS in particular. It will
also continue allow CDM credits to be used in lieu of
local carbon reductions. New Carbon Finance’s central
forecast for the price of credits in Phase II of the EU ETS
is for an increase from the current US$ 21 per tonne to
US$ 40 per tonne in 2012. Beyond 2012 prices will
continue to rise as carbon caps bite more deeply in the
run-up to 2020 and beyond, and easy sources of credits
are exhausted.


Summary: Carbon Markets – Necessary but not
Sufficient
In summary, the long-term outlook for carbon remains
bullish as momentum towards a network of national and
regional schemes remains strong. However, it will be
some time – possibly decades – before carbon credits
alone provide an economic rationale for the large-scale
roll-out of renewable energy, for the deployment of the
key enabling technologies for such large-scale roll-out, or
for commercial carbon capture and sequestration
projects. If these goals are to be achieved, a broader
range of policy tools is required.
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9. Longer-Term Policy Requirements


Any shift to a low-carbon energy infrastructure will need
to be supported by a range of policy tools: there will be
no one-size-fits-all solution. A carbon price, while helpful,
will not be sufficient to spur the deployment of renewable
energy or carbon capture and sequestration for the
foreseeable future. And even if policy-makers make
incentives for clean energy a key element of their
response to the current financial crisis, there will still be a
need for further action. The industry needs a rational set
of support mechanisms, tailored to each geography and
sector. 


While a carbon price is the logical foundation of any
policy regime for clean energy, as we have seen, it cannot
on its own spur the development of a healthy clean
energy industry. It might drive a switch by utilities from
coal to natural gas, boost energy efficiency and
discourage deforestation, but it cannot stimulate the
uptake of a variety of clean energy technologies at
different stages of maturity. Nor can it catalyse the
deployment of the key enabling technologies that will be
required, including the digital grid and carbon capture
and sequestration. 


These goals will only be achieved by support tailored to
the stage of commercialization of the sector in question:
• Almost Commercial. Sectors nearing maturity and
competitiveness with fossil fuels need rate support only
for a limited period to help them close the gap. Once a
clean energy technology is within 20% of the cost of
fossil energy, it should be able to stand on its own two
feet, with utilities choosing to deploy it as a way of
hedging against feedstock volatility (as demonstrated
by the late Dr Shimon Awerbuch). But until this tipping
point is reached, the goal should be to support
renewable technologies during a finite period while
suppliers drive their costs down.


• Ready to Scale. Technologies that work in the lab but
are too risky to scale up need support and finance to
bridge the “Valley of Death”, which they must pass
through in order to reach commercialization. Until the
first full-scale plants are built, it is impossible to
eliminate technology risk – which debt providers will
not take. Yet equity providers will not make adequate
returns without an element of debt funding. Specialist
funds could help break this inherent circularity.
Technologies currently falling into this “Valley of Death”
might include marine power, next generation biofuels,
large networks of plug-in hybrids and advanced
geothermal, even very large-scale offshore wind
turbines and solar thermal chimneys. Major public
funds could be created to smooth the transition of
these technologies across the Valley of Death. These
should be sufficiently large to pool the risk of multiple
technologies and projects; they should leverage the
skill of private equity providers and insurance


companies; and they should take only the final tranche
of unavoidable technology risk.


• Blue Sky. Sectors with longer-term technological
promise need research funds. Venture capital
investment in clean energy technologies has exploded
since 2005, but it is remarkable how small the total
investment is – US$ 4 billion worldwide out of total
clean energy industry investment of US$ 142 billion in
2008 (just 3%) – reflecting a shortage of “outside the
box” ideas. There needs to be far higher investment in
universities, national labs and other publicly-funded
research into the fundamentals of energy technology.
With the path to market for energy technology often
taking 10 to 15 years, commercial players tend to
under-invest in blue sky research – a gap that could be
plugged by public funds.


But simply supporting chosen sectors will not be enough
to develop and deploy new renewable energy
technologies. An entire ecosystem of supporting
technology and service providers will be fundamental to
the growth of a healthy clean energy sector – and this is
inextricably linked to the ability of entrepreneurs and
companies to create new businesses. One of the reasons
that Europe consistently lags venture investment in clean
energy in the US by a factor of five to seven is that the
conditions for venture investment in Europe are less
well-developed.


Governments should also lead by example, creating
markets for clean energy through public procurement.
With central, regional and local government accounting
for 35-45% of economic activity in all of the world’s
largest economies, public sector purchasing can be a
powerful force. Clean energy use should be mandated in
public procurement, which would create guaranteed
markets for leading innovators in transport, heat and
electricity.


Finally, policy-makers should enforce energy efficiency
standards. Utilities and energy-intensive industries will
respond to carbon prices and other price signals, but
many individuals and businesses will simply not do so. As
a result, there will always be a role for regulation to
mandate certain changes in behaviour, such as appliance
efficiency and standby power limits, corporate average
fuel economy (CAFE) standards and building codes. They
must also address the asymmetry between energy
providers, who want their customers to use as much
energy as possible, and consumers, who on the whole
would prefer to use less.


But whichever policies are adopted, the overarching
requirement is for policy stability – the impact of policy
uncertainty on cost of capital must be better understood
– and simplicity, so that the industry is not burdened with
unnecessary bureaucratic costs.
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Appendix - Target Sector Summaries


1. Onshore Wind
The most mature of the renewable energy sectors, the
onshore wind industry saw 21GW built in 2007, bringing
installed capacity to over 100GW. In Germany, Spain and
Denmark wind power now supplies 3%, 11% and 19%
respectively of total electricity production during the
course of the year, and in Denmark up to 43% of the
country’s electricity demand at times of peak wind supply.
Electricity from onshore wind can be generated at prices
of 9-13 c/kWh, making it only 32% more expensive than
natural gas CCGT, even in the absence of a carbon price.
The Global Wind Energy Council forecasts that the global
wind market will grow by over 155% to reach 240GW of
total installed capacity by 2012.


Onshore wind can compete with conventional generation
without subsidy, where wind speeds are high enough.
However, there is no doubt that subsidy support, in the
form of feed-in tariffs and tax credits, has spurred
onshore wind development in countries such as Germany
and the US.


Policy Status and Gaps
The wind industry has benefited from broadly supportive
legislation, particularly in Europe and India which until
recently has been home to the world’s largest installed
wind generation capacities, but now increasingly in North
America and China. However, the industry needs a stable
policy environment and reinforcement/renewal of existing
policies if it is to continue to thrive. Political incentives to
increase investment in the electricity grid will also boost
the wind sector (along with all clean energy generation
technologies).


Technology Gaps
Onshore wind is a mature sector, so advances in onshore
turbine technology tend to focus on refining existing
designs and increasing turbine size. The industry has
been built on three-bladed upwind turbines whose design
was popularized and commercialized by Danish
companies in the late 1990s. More recently, though, very
high demand growth has meant that market incumbents
have been unable to keep pace and the sector is now
seeing a re-emergence of older technologies and new
manufacturers to commercialize them. This includes
simplified two bladed turbines, downwind two bladed
turbines and major innovations in offshore wind systems
(see next section).


Other areas where better technology would boost the
onshore wind sector include:
• Operations and maintenance, where marked 
improvements in existing asset management 


Table 4. Onshore Wind – Economic Overview


Potential Scale Greater than 1,000GW, 
of which only 100GW 
has been exploited.


Market Readiness LCOE = US$ 89- 126/MWh


Project Returns 10-20% depending on market 
and resources


Source: New Energy Finance


Table 5. Top five wind markets by capacity, 2007


Market Capacity (GW)


Germany 22.7


United States 16.9


   15.1


India 8.3


China 5.9


Source: New Energy Finance, GWEC


techniques are being pioneered through scale and 
closer inventory and technical team management
• Innovative technologies, either to reduce the cost 
of generation and the sector’s exposure to volatile 
commodities (steel/copper)


• Supporting infrastructure for wind farms both in 
resource forecasting (high technology required) 
and grid expansion (mainly capital rather than 
technology required)


Potential Bottlenecks
Raising finance will remain a bottleneck in the short term,
as it will for all energy projects. This is not only to do with
less capital being available to finance onshore wind, but
also because margins have broadened. Financing
projects at a cost that makes economic sense will also
be a challenge.


In the longer term, blade and turbine supply may
constrain onshore wind development. Planning
permission remains an issue, particularly in the most
heavily populated and mature European markets, such as
the United Kingdom.
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2. Offshore Wind
When the best sites for onshore wind have been
snapped up, the next place to look for large quantities
of renewable energy is offshore. Offshore wind offers
enormous potential, with stronger more predictable
winds and almost unlimited space for turbines.
Planning permission can be easier to obtain, farms can
be built at scales impossible on land, and the
availability of space is almost unlimited if deep waters
are mastered. At present, the cost of electricity from
offshore wind is high – more than 16 c/kWh, but these
will come down rapidly as more project experience is
gained.


Offshore wind is relatively unexploited compared to
onshore wind, but is coming into its own as the onshore
market becomes saturated, particularly in densely
populated areas such as Europe. However, offshore wind
faces some logistical and design challenges, including the
high cost of grid connection from offshore sites, higher
wear and tear, and more difficult operation and
maintenance.


Offshore wind tariffs and support mechanisms are
currently being put in place to spur significant growth
in Northern Europe, particularly in the United Kingdom
and Germany where more than 1GW per year is
expected to be commissioned over the next five years
(see Figure 21). Other markets such as Belgium
(0.8GW granted concession), Netherlands (150-
200MW under construction), Denmark and Sweden
will also provide demand for turbines and installation
vessels.


The United Kingdom government has placed a
growing emphasis on offshore wind to meet its long
term renewable targets and as a hedge against rising
gas imports. However, impatience with government
procedure has led some industry participants to forge
ahead with their own support plans for prototype
turbines. For example, the Crown Estate, which owns
more than half the United Kingdom’s foreshore, tidal
riverbeds and seabed rights, has committed to buy
Clipper Windpower’s first offshore wind turbine.


In the US high profile and contentious debate over the
Cape Wind Project near Cape Cod has marred debate
and to some extent distracted from the quality resources
off the coast of major load centres where high electricity
prices are common such as Virginia, Rhode Island, and
New York.


Policy Status and Gaps
Offshore wind’s long lead times, substantial capital
spending (US$ 300m+) and long term operating risk


mean that investors (primarily oil, gas and utilities) have
made cautious but significant moves in the sector.
The United Kingdom and Germany are emerging as key
markets, defined by steadily increasing policy support in
the form of planning guidelines, feed-in tariffs and green
“top-up” certificates. Elsewhere in Europe patchwork
support is spurring some growth in Denmark, Sweden,
Netherlands and Belgium, but higher than expected costs
and capital spending uncertainty remains a challenge.


Technology Gaps
Offshore wind faces a substantially different and far
harsher environment to onshore wind, with the result that
early marinized versions of onshore turbines installed
offshore suffered high profile and costly reliability issues.
Significant work by Siemens, Vestas Repower and others
have resolved many of the reliability issues by
strengthening and improving components and insulating
internal mechanisms from salt laden sea air.
This has come at a cost though with considerable
compromises made on weight and upfront costs.
Reducing the weight of the nacelle (at the top of the
tower) either through removing or replacing electrical
components, gearboxes or blades are still being actively
pursued by numerous companies and it is likely that


Table 6. Offshore Wind – Economic overview


Potential Scale 100GWs


Market Readiness LCOE = US$ 158-205/MWhProject


Returns Marginal


Source: New Energy Finance


Figure 21. Current and planned offshore wind projects by
expected commissioning date (MW)


Source: Companies, Wind Associations (various ), New Energy Finance


Figure 21. Current and planned o�shore 
wind projects by expected commissioning 
date (MW)
 
Source: Companies, Wind Associations 
(various ), New Energy Finance


2002  2003  2004  2005  2006  2007  2008  2009  2010  2011  2012  
2013  2014  2015
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innovations around turbines and foundations will improve
the economics of offshore wind – as long as a stable
demand environment is generated by governments.


Potential Bottlenecks
Offshore turbines have lower profit margins than onshore
turbines; as long as onshore development continues to
be healthy, turbine manufacturers will focus on producing
onshore turbines, creating a potential bottleneck for
offshore turbines.


3. Solar – Photovoltaic (PV)
PV technology has made very rapid strides in the past
four years, in terms of reducing the cost of crystalline
silicon (its main component) and commercializing thin film
technology, with investment volume growing to US$ 50
billion in 2007-2008 (see Figure 22). Although there has
been a bottleneck in the production of solar-grade silicon,
new capacity is coming on line and costs are set to drop
rapidly from US$ 4/W to US$ 2.60/W by the end of
2009, making unsubsidized solar PV generation costs
comparable with daytime peak retail electricity prices of
approximately 17 c/kWh in many sunny parts of the
world.


PV has also flourished under generous incentive regimes
in Germany and then Spain, encouraging high profile
IPOs from silicon, wafer, cell and module manufacturers.
These companies’ values have soared because a severe
shortage of silicon has driven up their products’ price and
ensured strong order books. 


Other companies have capitalized on the silicon shortage
by developing technologies that use less silicon in their
solar modules, or that use other materials altogether.
Although the global PV market has traditionally been
dominated by crystalline silicon modules, New Energy
Finance expects that thin-film modules (silicon and non-
silicon based) will account for 18% of solar panels
produced in 2008, up from 14% in 2007. Thin-film
modules are cheaper to produce than conventional
silicon modules, because they use less silicon and benefit
from a more integrated manufacturing process.


Installed PV generation capacity worldwide is 13.3GW, a
fraction of installed wind capacity. This is because solar is
the most expensive renewable energy source in nearly all
applications. While it is the best option in a few niches,
such as grid-isolated telecommunications towers and
calculators, these markets are tiny. The growth markets
are for grid-connected power plants supported by
generous incentives. PV will eventually become cost-
competitive in some mainstream retail markets, and this


will unlock substantial additional demand, but this is
unlikely to happen for several years.


Policy Status and Gaps
Incentives are by far the most significant driver of the PV
market, in the form of feed-in tariffs and/or tax credits.
Where these have been provided, as in Japan, Germany,
Spain, and California, PV has thrived. Conversely, where
subsidies are being capped or phased out, as they were
in Japan and more recently have been in Spain,
installation falls away.


PV also requires mandatory net metering, as
homeowners need easy two-way access to the grid to
benefit from owning distributed generation.


Technology Gaps
Mass manufacture of thin-film modules and reduction of
cost for crystalline silicon modules are the key challenges
for the solar industry. The next few years will be crucial,
but if PV delivers on its near-term promises it will be cost-


Table 7. Solar PV – Economic Overview


Potential Scale 13.3GW currently installed
Potential capacity limited only by 
economics


Market Readiness LCOE = US$ 341-549/MWh
Currently extremely uneconomical but 
with potential to halve in next 2 years


Project Returns Heavily dependent on incentive regime


Source: New Energy Finance


�Figure 22. Investment in solar (nearly all 
PV), 2000-2008: US$ million
  
Note: AF = asset �nance for projects larger 
than 0.5MW. PM = new equity raised on 
public markets. PE = private equity raised. 
VC = venture capital raised. 2008 estimate.
Source: New Energy Finance


2002  2003  2004  2005  2006  2007  2008  2009  2010  2011  2012  
2013  2014  2015


Figure 22. Investment in solar (nearly all PV), 2000-2008: US$ million


Source: New Energy Finance
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effective in many more niches and will need much less
subsidy than at present.


Potential Bottlenecks
Over the next two years, oversupply of modules appears
inevitable and the price is likely to fall to the marginal cost
of production, representing a 40% fall for crystalline
silicon modules. Shortage of affordable capital (the
economics of PV are extremely sensitive to interest rates
because nearly all the cost is upfront), caps to incentive
regimes, customer inertia and permitting and
transmission bottlenecks are therefore the main limits to
the growth.


4. Solar Thermal Electricity Generation (STEG)
While PV is ideal for building-integrated and smaller
projects, the technology of choice for big solar plants in
the world’s deserts looks set to be thermal: concentrating
the heat of the sun to generate steam, which can be
used in conventional and highly efficient turbines. There
are relatively few projects up and running yet, but with
costs of 24-30 c/kWh, this technology is shaping up to
be a part of the solution in the sunniest parts of the
world.


Solar Thermal Electricity Generation (STEG) – also known
as Concentrated Solar Power (CSP) – comes in many
different designs, the most mature being parabolic
trough, but new ideas including tower and heliostat,
Fresnel linear reflectors and parabolic dishes have been
developed. All work on the same principle, of using
mirrors to concentrate the sun’s heat to produce steam
that drives a turbine.
There is very little installed STEG capacity worldwide; just
438MW, although a further 131MW is due to be
commissioned in Spain by the end of 2008. There is a
large pipeline of STEG projects, mostly in Spain and the
US but also several backed by government tenders in the
Middle East and development bank funding in North
Africa and Mexico (see Figure 23).


North Africa has excellent theoretical STEG potential – it
has very high insolation, is eligible for funding from
international development agencies and could be
connected to Italy (and then to the rest of Europe) via a
short submarine transmission cable. However, the region
lacks the political support and grid connection to get the
industry off the ground. In spite of this, some STEG
plants are being developed, but most are add-ons to
existing combined cycle gas turbine plants rather than
stand-alone installations. In Morocco, for example,
construction has started on the Ain-Beni-Mathar project,
a 470MW combined cycle gas plant with a 20MW STEG


component, funded by the National Electricity Office, the
African Development Bank and the Global Environment
Fund.


The first operational STEG plant was the Luz parabolic
trough plant in the Mojave Desert, California. This was
built in the late 1980s and early 1990s, and although the
developer was forced into bankruptcy, it has been
operating ever since. 


Policy Status and Gaps
Like PV, STEG is highly subsidy-dependent, and there are
only two near-term markets: Spain and the US. Spain’s
future after 2011 is uncertain, because once 425MW of
STEG is installed, there will be a window of 12-24
months for further projects to be commissioned under
the current regime. In the US, the eight-year Investment
Tax Credit and utility willingness to contract for STEG to
meet Renewable Portfolio Standards give the industry
certainty. In other markets, progress on government
tenders and development projects is slow.


Table 8. Solar Thermal - Economic Overview


Potential Scale 438MW currently
Scale limited only by space and 
grid connection has been exploited.


Market Readiness LCOE = US$ 241-299/MWh
Uneconomic


Project Returns n/a


Source: New Energy Finance


�Figure 22. Investment in solar (nearly all 
PV), 2000-2008: US$ million
  
Note: AF = asset �nance for projects larger 
than 0.5MW. PM = new equity raised on 
public markets. PE = private equity raised. 
VC = venture capital raised. 2008 estimate.
Source: New Energy Finance


Figure 23. STEG pipeline by country and status, 2008, MW


Source: New Energy Finance
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Table 9. Sugar-based Ethanol – Economic Overview


Potential Scale 70 billion Lpa commissioned 
production capacity Global 
production estimated to reach 
255 billion Lpa by 2030


Market Readiness Brazilian sugar ethanol is 
market-ready i.e. competitive in 
its own right with oil at US$ 
40/barrel


Project Returns n/a


Source: New Energy Finance


Figure 24. Investment in Sugar/Maize Ethanol, US$ million


Source: New Energy Finance


Technology Gaps
While parabolic trough is essentially a mature technology,
and turbine design is unlikely to see any breakthroughs,
new STEG collector designs have the potential to
improve PV’s economics when their technology is proven.
Funding for the first large-scale plants, however, will be
difficult as they will involve technology risks.


Potential Bottlenecks
In Spain, there are no bottlenecks for those with projects
in the pipeline. In the US, permitting and transmission
access will keep most planned projects on the drawing
board for at least a year, and once those are overcome, it
may not be easy to raise the necessary capital.


5. Sugar-based Ethanol
The period 2004-2006 saw US investment in biofuels
soar, with investors pouring US$ 9.2 billion into the sector
(see Figure 24). But most of this flowed into corn-based
ethanol, which is more expensive to produce than sugar-
based ethanol, subject to volatile prices and controversial
because its feedstock is a food as well as a fuel. Many
investors regretted their haste. By contrast, Brazilian
sugar cane-based ethanol is competitive with oil at US$
40 per barrel; it grows well in many southern hemisphere
countries (and far from the Amazon); and there is no
shortage of land to increase production substantially
without jeopardizing food production in the region. 


Sugar cane is the most cost-efficient and environmentally
friendly feedstock for ethanol production with 70-90%
fewer CO2 emissions than gasoline, but it can only be
grown under specific climate and soil conditions in
southern hemisphere countries. Brazilian sugar cane
ethanol is competitive with petrol at US$ 40 a barrel, but
ethanol from other feedstocks, such as maize, is not
economic without subsidy. The US ethanol market in
particular has suffered as corn prices have soared since
2006, making production uneconomic in many cases and
forcing producers to scale back their expansion plans.
Corn ethanol also suffers from the food-fuel controversy,
as well as relatively unimpressive emissions reductions
(up to 30%). 


Global ethanol production capacity is 70 billion litres per
annum (Lpa). Brazil and the US are the two largest
ethanol producers in the world, producing respectively 27
billion Lpa and 35 billion Lpa.


Policy Status and Gaps
Most countries seeking to promote ethanol use do so
by imposing a minimum blending requirement, although


the well-established markets of Brazil and the US have
discretionary blending. Ethanol can be used in ordinary
vehicles in a blend of up to 25% without engine
conversion, making widespread adoption a viable
prospect.


Policy is a key driver of ethanol markets, both
domestically and internationally. Ethanol benefits from
blending mandates and local subsidies; but the operation
of a global market is inhibited by widespread import tariffs
that put Brazilian ethanol in particular at a disadvantage
to locally produced ethanol in the US and other countries.
France, however, recently announced that it would
reduce and eventually cut its subsidies to domestic
ethanol producers by 2012, and other countries may
follow its lead.
Ending import tariffs and defining international standards
would also boost the international ethanol market,
avoiding market distortions and allowing for free trade
and long term international trade contracts. Brazil, which
understandably lobbies for the removal of import tariffs,
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has some support from the US, Sweden and international
trade organizations.


Brazilian ethanol production would benefit from legislation
to allow for the use of transgenic (genetically modified)
cane, currently banned by the Brazilian Ministry of
Science and Technology. 


Technology Gaps
Sugar-based ethanol is produced from sugar cane
juice, but technology is being developed so that all
cane residues – leaves, straw and bagasse – can be
used for ethanol production, through processes like
hydrolysis, increasing sugar cane ethanol productivity
significantly. 


Genetically modified sugar cane cannot be
commercialized in countries like Brazil, but transgenic
cane technology has nevertheless been developed by
companies like Alellyx in Brazil (recently acquired by
Monsanto for US$ 287m), and could boost sugar cane’s
productivity by 20%.


Potential Bottlenecks
Falling oil price – and reduced crush spread – is the
ethanol market’s biggest challenge currently. With oil
below US$ 40/barrel, even Brazilian ethanol ceases to be
competitive overseas, although it remains in demand
domestically. 
Import tariffs and local subsidies also create a bottleneck
for sugar-based ethanol. Once these are removed and a
more level international playing field created, market
mechanisms such as hedging instruments and a futures
market will help build a transparent global ethanol market.


6. Cellulosic and Next Generation Biofuels
The argument over food vs fuel is an emotive one. In
most regions, there is sufficient land to increase biofuel
production from the current 1% of transport fuel to 3% or
even 5% without impacting on food availability. But after
that the only way to increase production of biofuels will
be to source feedstock that does not compete with food.
Luckily, the cost of producing biofuels from agricultural
waste through cellulosic conversion and algae is coming
down rapidly, and the future fuel system is likely to
include a proportion of fuels from these sources.
As well as using byproducts of other crops, such as
wheat straw, sugar cane leaves and forestry waste, crops
are being grown specifically to produce biofuels, including
jatropha (being trialled in India), miscanthus, and
switchgrass. These crops have the added advantage of
being able to grow in areas considered marginal for


arable use, such as desert areas (jatropha) and very wet
land (miscanthus). New technologies have been
developed to cope with these more varied feedstocks,
including enzymatic hydrolysis and gasification.


Global production of next generation biofuels is currently
small – around 10 mLpa, compared to 69,900 mLpa of
sugar-based ethanol – accounting for just 0.02% of
global bioethanol production. However, this is expected
to rise as new feedstocks are grown, technologies proven
and scaled up, and the cost of production falls. Early-
stage investment in second generation biofuels overtook
first generation investment in the second and third
quarters of 2008 (see Figure 25), although current
economic conditions may reverse this trend in 2009.


Policy Status and Gaps
Policies supporting next generation biofuels are
essentially the same as those relating to sugar-based
ethanol (see above), including blending mandates, tax
breaks, biofuel producers subsidies and feedstock


Table 10. Next Generation Biofuels –
Economic Overview


Potential Scale 10 mLpa commissioned 
production capacity currently


Market Readiness 5-7 years away from 
commercial production


Project Returns n/a


Source: New Energy Finance


Figure 25. Venture Capital and Private Equity Investment in
Biofuels – First Generation vs Next Generation, US$ million


Source: New Energy Finance
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cultivation subsidies. However, policy is starting to
differentiate between first and next generation biofuels, in
favour of the latter. In the US, for example, there is a
mandate within the renewable fuel standard for a specific
proportion of next generation biofuels.


In some countries, governments are giving farmers
incentives to grow crops specifically for energy use, such
as jatropha in India. Uptake has been poor, however, with
farmers proving reluctant to run the risk of producing a
crop whose yields are unproven, which may damage the
soil and for which there is not yet an established market


The market needs capital support, in particular
government funding for demonstration-scale projects to
prove the technology is viable/scalable as well as
encouraging farmers to invest in feedstock production.
Financial incentives to encourage farmers to grow energy
crops are also vital to overcome their initial caution.


Blending subsidies offering tax breaks to oil companies
who blended next generation biofuels into their products,
provided over a reasonably long time horizon (4-8 years)
would also help reduce operating costs and give farmers,
producers and developers an incentive to invest.


Technology Gaps
Research and development is still focusing on which
crops can be grown successfully on marginal land, and
also which can be grown economically.


The key challenge for next generation biofuels is to lower
production costs sufficiently to compete with
conventional energy, and also with first generation
biofuels, particularly sugar cane ethanol. Next generation
biofuel production processes that fit easily and
inexpensively into existing production capacity have the
best chance of success.


Potential Bottlenecks
As with sugar-based ethanol, a falling oil price is a threat
to investment into the sector, even though blending
mandates provide the industry with some support.
Otherwise, logistics is potentially a bottleneck. Feedstock
is typically bulky and therefore expensive to transport
long distances. Making sure that feedstock is grown as
near as practical to processors and produced to the right
specification is crucial.


7. Geothermal
Geothermal power is particularly attractive as a renewable
energy source because it can be used as predictable
base-load power in a way that wind and solar power
cannot be.


Geothermal taps the naturally-occurring heat stored in
rock up to several miles below the surface of the earth.
The extraction process is relatively simple in theory: a
series of holes are drilled into the ground and the
subterranean heat is captured by drawing to the surface
the naturally occurring steam or hot fluid. The steam is
then run through a turbine directly, or the hot geothermal
fluid used to heat a separate working fluid that converts
to a gas to turn the turbine. In both cases, the used
geothermal fluid is injected back into the subsurface to
aid in replenishing the resource. 


Until now, geothermal power has been used only in
limited regions, but a raft of new approaches has helped
make it economically viable across a wider area. In
addition, all countries can exploit geothermal resources
for ground source heat pumps or district heating, if not
for large-scale electricity generation. Notable production
advances are taking place in the US, the Philippines,
Indonesia, Iceland, New Zealand, Australia, Turkey, and
Germany. Spurred in part by regulatory support, there is
now a large geothermal development pipeline, especially in
the US.


Global installed capacity at the end of 2007 was
estimated to be 10GW (see Figure 26). 


Policy Status and Gaps
Renewable Portfolio Standards (RPS) help investors
overcome the high up-front capital investment and
financial risks of geothermal. Because geothermal is
baseload power, it receives favourable pricing from
utilities required to include renewables in their energy
mixes. The large development pipeline in the US
illustrates the positive effect of policy.


While tax credits, feed-in tariffs and national geothermal
targets further spur geothermal investment, RPS is the
key policy driver.


Technology Gaps
Enhanced Geothermal Systems (EGS) extract heat by
creating a subsurface fracture system into which water is
injected. EGS “enhance” or create geothermal systems
where natural fractures provide inadequate flow rates.
The appeal of EGS is that poorly producing resources
can be improved and non-productive ones made
productive: if the technology is successful, geothermal
electricity could be produced anywhere in the world. The
resource potentials for EGS are vast – estimated at
517GW for just the US. The first pilot EGS plant came
online in France in June 2008, but research is being
carried out elsewhere, including Australia, where the
world’s largest EGS (5-10GW) is being built.
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Improvements in exploration technology would facilitate
development of resources with no surface manifestations.
In the US, for example, these resources are estimated to
be 33GW. Better exploration technology would also
improve the current drilling success rate in greenfield sites
of just 20%, dramatically cutting development costs.


Smaller “plug-and-play” units are being developed to use
resources that were previously uneconomical because of
low flow rates, projects of 10-15MW. UTC is one of the
leaders in this area. 


Potential Bottlenecks
As more companies become involved in developing
geothermal projects, their fast growth risks eclipsing the
available contractors and creating a construction
bottleneck, increasing lead times and capital costs.
Already there are long lead times (6-18 months) for drilling
rigs – there is a shortage of specialist geothermal rigs (or
ones that have been modified to cope with the more
demanding geologies associated with geothermal). This is


encouraging vertical integration (developers buying drilling
companies) as well as developers and “drilling clubs”
booking up rigs for long periods. There is also a backlog
of plant orders as manufacturers struggle to keep pace
with demand from the large project pipeline.


Long lead times for land siting, permitting and rights of
way are other major bottlenecks for the geothermal
sector. This could be eased by relaxing certain rules and
streamlining the process.


8. Carbon Capture and Storage 
No discussion of the future energy infrastructure would
be complete without considering Carbon Capture and
Storage. Although there are no installations at scale yet,
almost 200 projects are at varying degrees of completion
around the globe. With so many countries – including
China and the US – dependent on coal-fired power, it is
inevitable that CCS will form part of the solution to hitting
CO2 concentrations of 450ppm. In 2008, for the first
time, the IEA’s World Energy Outlook report included CSS
as a technology that would be viable – and important –
by 2020.


CCS is an early-stage technology. While it can be
profitable in some cases, for example when combined
with enhanced oil recovery (EOR) or where a levy on CO2
emissions is in place (such as Norway), adding CSS to
conventional power generation projects does not
currently make economic sense (see Figure 27). 
Using the technology available at the moment, CCS
increases the plant’s overall costs by as much as 85%
and significantly reduces its overall efficiency because of
the extra energy required to run the capture equipment.
While it is accepted that CCS can reduce fossil fuel
emissions, CCS’s substantial cost has so far deterred
large emitters from developing large-scale CCS projects.
Instead investment has gone towards smaller scale
projects that will serve as a springboard for development
if a more stringent carbon reduction policy makes CCS
economically viable.


18 million tones (Mt) CO2e were injected in 2008,
equivalent to the CO2 emissions of 1,385MW of coal-fired
generation (approximately 3 large coal-fired power
plants)


Policy Status and Gaps
Key drivers for CCS include national and/or regional
emissions standards (restricting how much CO2 and
other greenhouse gases power generators and industries
can emit); subsidies that help bridge the gap between the
cost of installing and running CCS, and the time when it


Table 11. Geothermal – Economic Overview


Potential Scale 10GW currently installed 24.5GW 
potential capacity by 2030


Market Readiness LCOE = US$ 33-74/MWh


Project Returns n/a


Source: New Energy Finance


Figure 26. Global Commissioned and Developing Geothermal
Capacity, Jan 2008: MW


Source: New Energy Finance


Note: Labels denote installed/developing capacity in MW
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Table 12. Carbon Capture and Storage –
Economic Overview


Potential Scale 18 MtCO2e injected in 2008, 
equivalent to CO2 capture from 
1.4GW generation


Market Readiness The viability of CCS is entirely 
dependent on the existence of the 
carbon markets and CO2 price


Project Returns n/a


Source: New Energy Finance


Figure 27. Global Commissioned and Developing Geothermal
Capacity, Jan 2008: MW


Source: Statoil


becomes economically viable (or imperative) to run the
technology; and carbon trading systems, which put a
transparent value on CO2 emissions and allow emitters to
capitalize on reducing their CO2 emissions
The United Kingdom government has taken a lead in
encouraging the construction of the first utility-scale
project by setting up a contest whose prize is up to
100% of CCS retrofit to capture at least 90% of
emissions on 300 MW of an existing coal-fired power
plant. Bids have been submitted and are under review.


Technology Gaps
The big challenge for CCS is establishing its technical
and economic feasibility. Once a stable carbon price is in
place and CCS is viable on a large scale – both in terms
of CO2 stored and the cost of doing so – the industry will
take off. As the most expensive part of the CCS chain,
carbon capture is a focus for research and development
investment.


Within the overarching goal of cutting costs, technology
is needed to understand the long-term behaviour of CO2
in different subsurface geological environments. The goal
of this research is to certify that CO2 injected will be
stored safely and securely over geologic time, and to
ensure proper credit can be given to those that store,
rather than emit, CO2. CO2 storage research is also
designed to win public acceptance of CCS.


Potential Bottlenecks
Identifying sites suitable for CO2 storage, where injection
points can be made, and also, at the other end, plants
suitable for capture. Although there are enormous
potential global reserves for CO2 storage, the number of
sites suitable as actual injection sites is considerably less. 


Building a CCS infrastructure is another potential
bottleneck. If a CCS industry is to take shape, thousands
of kilometres of CO2 pipeline to go from source to sink,
or connect to a CO2 pipeline network, must be built. 90%
of all installed CO2 pipelines are in the US, although 81%
of announced CCS projects are in other countries,
highlighting the scope for investment in building CO2
pipeline.
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1. Introduction


The most common methods used for MSW are landfilling, com-
posting, recycling, mechanical–biological treatment and waste-to-
energy (WTE). The USA follows those methods of MSW manage-
ment and at present has 88 WTE plants that combust about 26.3
million tonnes of MSW and serve a population of 30 million.


A survey by Columbia University and BioCycle journal (Sim-
mons et al., 2006) showed that the generation of MSW increased
at a rate of 2.5% from year 2002 to year 2004. Landfilling accounted
for 64% of the MSW generated, followed by recycling (28.5%) and
by controlled combustion and generation of electricity (WTE)
(7.4%).


Between 1996 and 2007, there were no new WTE facilities in
the USA because of environmental and political pressure. The ma-
jor concern has been the perceived release of hazardous toxic sub-
stances into the environment. In the past, the primary focus of
environmental groups has been on air emissions, especially of
dioxins/furans and heavy metals. However, after the US Environ-
mental Protection Agency (US EPA) implemented the maximum
available control technology (MACT) regulations in the 1990s,
WTE emissions have been reduced to a point that in 2003 the US
EPA named WTE one of the cleanest sources of energy (US Environ-
mental Protection Agency, 2003, www.wte.org/docs/epaletter.pdf).
In particular, the implementation of the MACT regulations by the
US WTE industry has resulted in reducing mercury and other vol-
atile metal emissions by 99% and dioxin and furan emissions by
99.9%. This work focuses in the current status of waste-to-energy
in the USA and especially the environmental benefits that this
method offers over landfilling, in terms of greenhouse gas (GHG)

All rights reserved.
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emissions, electricity production, land use and cost savings. An-
other important parameter presented here provides details in pub-
lic health issues as these can be evaluated from the experience of
the operating installations. The experience from the operating
WTE power plants shows that the environmental impacts and
important parameters regarding public health issues, such us diox-
ins and mercury emissions, were reduced. Also, the energy pro-
duced by this MSW management method enhances the benefits
of the method due to the reduction of the demand in fossil fuels.
In addition to this the ongoing compatibility, successful results of
WTE and recycling are presented.


2. Municipal solid wastes generation and management in the
USA


As is true everywhere in the world, the generation of municipal
solid wastes (MSW) in the USA has grown steadily. A survey car-
ried out every 2 years by Columbia University and BioCycle journal
(Simmons et al., 2006; Themelis and Kaufman, 2004) showed that
the generation of MSW increased from 335.80 million tonnes in
2002 to 351.90 million tonnes in 2004, an increment correspond-
ing at a rate of 2.5% per year. Landfilling accounted for 225.53 mil-
lion tonnes or 64% of the MSW generated, followed by recycling
(28.5%), and combustion and generation of electricity (WTE)
(7.4%) (cf. Table 1). Most of the recycling is done in coastal states
and most of the WTE facilities are on the East coast (Figs. 1 and
2), corresponding to 66% of the total WTE capacity in the USA
(Table 2).


Waste-to-energy power plants are in operation in 25 US states.
They are fuelled by 26.3 million tonnes of MSW and have a gener-
ating capacity of 2700 MW of electricity. They also recover about
0.64 million tonnes of ferrous and non-ferrous metals annually.
There are two main categories of WTE plants. In mass-burn plants,
the MSW is fed as collected into large furnaces. In refuse-derived
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Table 1
US MSW generation and disposal in 2002 and in 2004 (BioCycle/EEC surveys, 2002,
2004).


MSW
generated


Recycled or
composted


Waste-to-energy Landfilled


2004, million tonnes 351.90 100.10 26.27 225.53
2004 (%) 100 28.5 7.4 64.1
2002, million tonnes 335.80 89.64 25.76 220.40
2002 (%) 100 26.7 7.7 65.6
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fuel (RDF) plants, the MSW is first shredded into small pieces and
most of the metals are recovered before combustion (cf. Table 3).


Thermal treatment facilities built in the 21st century have been
based mostly on the grate combustion of ‘as received’ MSW. US
facilities follow this type of treatment and on an industrial scale,
the dominant WTE technology is grate technology, because of its
simplicity and relatively low capital cost. These figures are given
also in Table 3 where it is shown that the majority of the facilities
(80 of the 87 total) are grate combustion (‘‘mass burned as
received” or RDF), while these facilities represent over 80% of the
total capacity of WTE in the USA. Three dominant technologies –
those developed by Martin, Von Roll, and Keppel-Seghers – are
grate technologies. In terms of novel technologies, gasification
(JFE), direct smelting (JFE, Nippon Steel), fluidized bed (Ebara)
and circulating fluidized bed (Zhejiang University) are in operation
around the world, while some of them are under investigation and
discussion for possible implementation in the WTE facilities that
will be constructed in the USA (Themelis, 2003, 2007).


One of the most successful types of facilities is the RDF-type
process of the SEMASS facility in Rochester, Massachusetts, USA,
developed by Energy Answers Corp. and now operated by Ameri-
can Ref-Fuel; the facility has a capacity of 0.9 million tonnes/year.
This facility was considered to be among the 10 finalists for the
Waste-to-Energy Research and Technology Council (WTERT)

Fig. 1. Breakdown of disposition of MSW

2006 Industrial Award; thus to be among the best in the world
on the basis of energy recovery in terms of kWh of electricity plus
kWh of heat recovered per tonne of MSW, and as the percentage of
thermal energy input in the MSW feed, level of emissions achieved,
optimal resource recovery and beneficial use of WTE ash, the aes-
thetic appearance of the facility and the acceptance of the facility
by the host community. In SEMASS the MSW is first pre-shredded,
ferrous metals are separated magnetically, and combustion is car-
ried out partly by suspension firing and partly on the horizontal
moving grate as shown in Fig. 3 (Themelis, 2003, 2007).


3. Benefits from waste-to-energy in the USA


3.1. Energy production and reduction of greenhouse gases using
waste-to-energy


According to actual operating data collected by the US WTE
industry, on the average, combusting 1 metric tonne of MSW in a
modern WTE power plant generates a net of 600 kWh of electricity,
thus avoiding mining a 1/4 tonne of high quality US coal or import-
ing one barrel of oil. WTE is the only alternative to landfilling of
non-recyclable wastes, where the decomposing trash generates
carbon dioxide and methane, a potent greenhouse gas, at least
25% of which escapes to the atmosphere even in the modern san-
itary landfills that are provided with a gas collection network and
biogas utilization engines or turbines. The non-captured methane
that escapes before a landfill is ‘‘capped” so that the landfill biogas
can be collected, has a greenhouse gas (GHG) potential 21 times
that of the same volume of carbon dioxide (IPCC, www.ipcc.ch).


Taking into account the electricity generated and the methane
emissions avoided has led several independent studies to conclude
that WTE reduces greenhouse gas emissions by an estimated 1
tonne of carbon dioxide per tonne of trash combusted rather than
landfilled. Therefore, in addition to the energy benefits, the
combustion of MSW in WTE facilities reduces US greenhouse gas

by region (Simmons et al., 2006).



http://www.ipcc.ch





Table 2
Major users of WTE in the USA (Themelis, 2003).


State Number of WTE plants Capacity (tonnes/day)


Connecticut 6 5896.7
New York 10 10069.8
New Jersey 5 5624.5
Pennsylvania 6 7620.4
Virginia 6 7529.6
Florida 13 17508.9
Total 53 63140.1


Table 3
Operating US waste-to-energy plants.


Technology Number of
plants


Capacity,
tonnes/day


Capacity, million
tonnes/year


Mass burn 65 64731.3 20.05
Refuse derived fuel


(RDF)
15 18161.8 5.71


Fig. 2. Operating WTE Plants in USA (Michaels, 2007).


Fig. 3. Schematic diagram of the SEMASS process at Rochester, Massachusetts, USA
(Themelis, 2003).
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emissions by about 26 million tonnes of carbon dioxide. In Table 4
the air emissions of WTE and fossil-fuelled power plants are
compared.


In addition to methane, landfill gas contains several volatile or-
ganic compounds and chlorinated hydrocarbons. Table 5 is based
on the landfill gas analysis provided by Tchobanoglous et al.
(1993) and the estimated generation of biogas in a typical landfill.


3.2. Source of renewable energy


At this time, the US Department of Energy (US DOE) categorizes
WTE as a type of biomass. The term ‘‘biomass” means any plant-or
animal-derived organic matter available on a renewable basis,
including dedicated energy crops and trees, agricultural food and
feed crops, agricultural crop wastes and residues, wood wastes

and residues, aquatic plants, animal wastes, municipal wastes,
and other waste materials (US DOE). Even if one uses a more strin-
gent definition of the term ‘‘renewable”, one that includes only
material from non-fossil sources, about 64% of the US MSW, after
material recovery for recycling plus composting, is derived from







Table 4
Waste-to-energy and fossil fuel power plants – comparison of air emissions (O’Brien
and Swana, 2006).


Fuel Air emissions (kg/MW h)


Carbon dioxide (CO2) Sulphur dioxide (SO2) Nitrogen oxides


MSW 379.66 0.36 2.45
Coal 1020.13 5.90 2.72
Oil 758.41 5.44 1.81
Natural gas 514.83 0.04 0.77


Table 5
Gas emissions from landfilling 1 million tonnes of US wastes (100 m3 of landfill gas/
tonne; for regulation landfills: only 25–40% of numbers below).


Compound Landfill gas concentration, ppmv Metric tonnes


Methane 500,000,000 35,714
CO2 490,000,000 96,250
Ammonia 550,000 41.7
Mercaptans/sulfides 500,000 133.9
Toluene 34,907 14.4
Dichloromethane 25,694 9.7
Acetone 6838 1.8
Vinyl acetate 5633 1.6
Tetrachloroethylene 5244 3.9
Vinyl chloride 3508 1.0
Dichloroethane 2801 1.2
Xylenes 2651 1.3
Trichloroethylene 2079 1.2
Styrenes 1517 0.7


Table 6
Concentration of combustible materials in US MSW (US EPA, 1997).


Biomass combustibles % Petrochemical combustibles %


Paper/cardboard 38.6 Plastics 9.9
Wood 5.3 Rubber 1.5
Cotton/wool 1.9 Fabrics 1.9
Leather 1.5
Yard trimmings 12.8
Food wastes 10.1
Total biomass content 70.2 Total petrochemical content 14.3


Table 7
Generation of renewable energy in the USA in 2002, excluding hydropower (Energy
Information Administration, 2002).


Energy source kWh � 109 generated % of renewable energy


Geothermal 13.52 28.0
Waste-to-energya 13.50 28.0
Landfill gasa 6.65 13.8
Wood/biomass 8.37 17.4
Solar thermal 0.87 1.8
Solar photovoltaic 0.01 0.0
Wind 5.3 11.0
Total 48.22 100.0


a http://www.eia.doe.gov/cneaf/solar.renewables/page/mswaste/msw.html.


Table 8
WTE community recycling average vs. national rate.


1992 recycling rate 2002 recycling rate


WTE communities Total USA WTE communities Total USA


21% 17% 33% 28%


Note: Based on responses from 66 WTE communities during 1992, 98 WTE com-
munities during 2002, and national rates determined by US EPA. Sources: Kiser and
Zannes, Integrated Waste Services Association; and US EPA.
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renewable sources (Table 6). This fraction of MSW can be used as
clean, sustainable and arguably renewable fuel for the production
of electricity and steam. The remaining non-renewable portion,
however, has to be either separated or accepted as part of the fuel.
The BioCycle/Columbia annual survey of MSW in the USA reported
the generation of about 336 million tonnes of MSW for 2002, of
which about 25.8 million tonnes (or 7.7%) were processed for en-
ergy recovery in WTE facilities (Simmons et al., 2006).


In 2004, the US WTE facilities generated a net of
13.5 � 109 kWh of electricity, greater than all other renewable
sources of energy, with the exception of hydroelectric and geother-
mal power (Table 7). For comparison, wind power amounted to
5.3 � 109 kWh, 5 � 109 kWh and solar energy to only
0.87 � 109 kWh (Energy Information Administration, 2000).


The combustible materials in MSW consist of 82% biomass (pa-
per, food and yard wastes plus half of rubber, etc.) and 18% petro-
chemical wastes. Therefore, MSW is a renewable source of energy
and it is included by the US DOE in the biomass fuel category of
renewable energy sources.


3.3. Recycling and WTE


According to the US EPA, the current municipal recycling rate in
the US is 28%. By comparison, 57% of the 98 WTE communities
achieved a higher recycling rate of 33%. Ten years ago, WTE com-

munities had an average recycling rate of 21% versus the national
rate of 17%. This trend is shown in Table 8 (Kiser, 2003).


Among operating US WTE plants, 77% have onsite ferrous metal
recovery programs. These facilities recover more than 702,727 ton-
nes of ferrous annually. Most of these metals are recovered at
mass-burn WTE plants, from the bottom ash after combustion. In
addition, 43% of the operating facilities recover other materials
on-site for recycling (e.g., non-ferrous metals, plastics, glass, white
goods and WTE ash that is used for road construction outside land-
fills); over 776,364 tonnes of these recyclables are recovered annu-
ally. Combining all onsite WTE recycling, 82% of the US facilities
recycle nearly 1,479,091 tonnes. In fact, all communities with
operating WTE plants are linked to offsite recycling programs.
The recycling operations associated with these programs may be
public or private, residential or commercial. The programs may
also operate outside of the community in which the plant is specif-
ically located (Kiser, 2003).


3.4. Saving of land


With proper maintenance, WTE plants can last well over 30
years. Considering that WTE plants do not require more land than
the initial requirement, unless they are expanded to process more
MSW, WTE plants do not have a continuing cost in land. Further-
more, the required land is significantly smaller than that needed
for landfilling the same quantity of MSW, thus the initial capital
for land in very small. As an example, with landscaping and auxil-
iary buildings, a WTE plant processing 1 million tonnes per year re-
quires less then 100,000 m2 of land. In comparison, the landfilling
of 30 million tonnes of MSW (about 8 years of the total generation
of MSW in Greece) would require an estimated 3,000,000 m2. Also,
a new plant could be built on the site of the existing WTE plant,
thus reducing in this way the capital cost for land in the new facil-
ity to zero. On the other hand, the landfill site cannot be used for
anything else, ever, and new greenfields must be converted to
landfills.


4. WTE emissions and public health issues


In the distant past, many US cities had thousands of residential
incinerators in the city without any air pollution controls. For
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example, at one time New York City had an estimated 18,000 res-
idential incinerators and 32 municipal incinerators. The environ-
mental impacts can still be detected in deep lying cores of the
Central Park soil. Understandably, this has left a bad image of
incineration in New York City that persists to this day. The result
is that the City transports most of its MSW to distant landfills in
other states. Yet, the adjacent New Jersey and Long Island Sound
communities depend largely on WTE and most of the Manhattan
MSW is combusted in the Essex County (NJ) WTE facility of Covan-
ta Energy.


At this time, there are over 1500 incinerators of all types in the
USA, but only 87 WTE plants. In the past, when the effects of emis-
sions on health and the environment were not well understood, all
high temperature processes, including metal smelting, cement pro-
duction, coal-fired power plants and incinerators, were the sources
of enormous emissions to the atmosphere. In particular, incinera-
tors were the major sources of toxic organic compounds (dioxins
and furans) and mercury. However, in the last 15 years and at
the cost of about 1 billion US dollars, the 87 WTE facilities operat-
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Fig. 4. Reduction of WTE dioxin emissions in the USA (Deriziotis, 2004).


Fig. 5. Dioxin emissions in th

ing in the USA have implemented air pollution control systems that
has led the US EPA to recognize them publicly as a source of power
‘‘with less environmental impact than almost any other source of
electricity” (US EPA, 2003; Millrath et al., 2004).


In 1995, the US EPA adopted new emissions standards for WTE
facilities pursuant to the Clean Air Act. Their MACT regulations dic-
tated that WTE facilities with large units (i.e., >227 tonnes per day)
should comply with new Clean Air Act standards by December 19,
2000. Small unit facilities (i.e., 32–227 tonnes per day) represent
only 5% of the US WTE capacity and by 2005 also met similar MACT
rules. MACT includes dry scrubbers, fabric filter baghouses, acti-
vated carbon injection, selective non-catalytic reduction of NOx


and other measures. WTE facilities now represent less than 1% of
the US emissions of dioxins and mercury, as discussed below.


4.1. Decrease in WTE dioxin emissions


The toxic effects of dioxins and furans were not realized, either
in the USA or abroad, until the late 1980s. Thanks to the implemen-
tation of MACT regulations, the ‘‘toxic equivalent” (TEQ) dioxin
emissions of US WTE plants have decreased since 1987 by a factor
of 1000 to a total of less than 12 g TEQ per year (Figs. 4 and 5). In
comparison, the major source of dioxin emissions now, as reported
by the US EPA, is backyard trash burning that emits close to 600 g
annually (Fig. 5). Table 9 shows the change in major sources of di-
oxin/furan air emissions in the USA over the years.


4.2. Mercury emissions


The use of mercury in US processes and products reached a high
of 2727 tonnes per year in the 1970s. It decreased to less than 364

e USA (Deriziotis, 2004).


Table 9
Sources of dioxin/furan air emissions in the USA, in g TEQ (Toxics Release Inventory).


Source Year


1987 1995 2002


WTE facilities 8877 1250 12
Coal-fired power plants 51 60 60
Medical waste incineration 2590 488 7
Barrel backyard burning 604 628 628
Total US 13,998 3225 1106
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tonnes by 2002, due to the phasing out of most applications of this
metal, as mandated by the US EPA. For example, mercury activated
switches and thermostats have been substituted and the mercury
content of fluorescent lamps has been reduced substantially. Also,
many communities have put in place strong recycling programs
that keep older mercury-containing products out of the MSW sent
to WTE facilities. This trend, plus the implementation of the MACT
regulations, has decreased the mercury emissions of the WTE facil-

Table 10
Emissions from US WTE facilities (Stevenson, 2002).


Pollutant Annual emissions
1990


Annual emissions
2000


Reduction
(%)


Dioxins/furans, g TEQ* 4260 g 12 g 99.7
Mercury 41.1 tonnes 2.0 tonnes 95.1
Cadmium 4.32 tonnes 0.3 tonnes 93.0
Lead 47.4 tonnes 4.33 tonnes 90.9
Hydrochloric acid 42,636 tonnes 2429 tonnes 94.3
Sulfur dioxide 27,909 tonnes 3705 tonnes 86.7
Particulate matter 6300 tonnes 643 tonnes 89.8


* Toxic equivalent (sum of substance amounts multiplied by toxicity equivalency


Table 11
Average Emissions of 87 US WTE facilities (Lauber et al., 2006).


Pollutant Average
emission


US EPA
standard


Average emission
(% of US EPA
standard)


Unit


Dioxin/furan, TEQ basis 0.05 0.26 19.2% ng/dscm
Particulate matter 4 24 16.7% mg/dscm
Sulfur dioxide 6 30 20% ppmv
Nitrogen oxides 170 180 94.4% ppmv
Hydrogen chloride 10 25 40% ppmv
Mercury 0.01 0.08 12.5% mg/dscm
Cadmium 0.001 0.020 5% mg/dscm
Lead 0.02 0.20 10% mg/dscm
Carbon monoxide 33 100 33.3% ppmv


dscm: dry standard cubic meter of stack gas.


Fig. 6. Reduction of WTE mercury emissions (Themelis and Gregory, 2002).


Fig. 7. Air cleaning system of SEMASS WTE facility (Energy Answers Co.).


Table 12
Emissions to air from the top three contenders for the WERT 2006 Award (Themelis


Emission WTE-A
(mg/Nm3)


WTE-B
(mg/Nm3)


WT
(mg


Particulate matter (PM) 0.4 1.8 1
Sulphur dioxde (SO2) 6.5 7.5 3
Nitrogen oxides (NOx) 80 11 58
Hydrogen chloride (HCI) 3.5 0.5 0.7
Carbon monoxide (CO) 15 7 15
Mercury (Hg) 0.002 0.005 0.00
Total organic carbon (TOC) 0.5 NA 0.9
Dioxins (TEQ) ng/m3 0.002 0.002 0.00

, 2007


E-C
/Nm3)


2


15

ities from 81 tonnes of mercury in 1989 to less than 1.2 tonnes per
year currently (Fig. 6). Now the major sources of mercury in the
atmosphere are the coal-fired power plants.


The only remaining WTE emissions of concern are nitrogen oxi-
des. However, the total WTE emissions of NOx correspond to only
0.22% of the total US NOx emissions. For comparison, coal-fired
power plants contribute 19.5% of the US NOx emissions (Albina,
2005). Table 10 presents the reductions in emissions from US
WTE facilities between the years 1990 and 2000, while Table 11
presents the average emissions of 87 US WTE facilities, the US
EPA standard requirements and the respective percentage consid-
ering the US EPA limits.


In addition to the above, data regarding emissions from the 10
finalists (four from the USA and six from the EU) for the Waste-
To-Energy Research and Technology Council (WTERT) 2006 Indus-
trial Award are presented in Table 12. The data were provided by
operating WTE facilities around the world. The list of finalists in-
cluded nine stoker grate (mass burn) facilities and one refuse-de-
rived fuel (RDF) plant (SEMASS WTE plant). All 10 finalists had
demonstrated high availability and very low emissions; Table 12
compares the emissions of the three top contenders for the award
and gives the average emissions of all 10 plants, along with corre-
sponding EU and US environmental standards. Fig. 7 depicts the Air
Cleaning System of the SEMASS WTE facility.


5. Conclusions


WTE facilities for MSW management serve about 30 million
people in the USA. According to the US experience, the environ-
mental impact of MSW management was reduced (lower GHG
emissions, energy production, land savings, materials recovery,
etc.). Furthermore, the emissions of toxic and dangerous sub-
stances like mercury and dioxins have been significantly reduced,
thus protecting public health. Evaluating further these results, it
can be seen that the WTE facilities have quite lower emissions
compared to electricity production facilities from fossil fuels (ex-
cept natural gas), reducing further the GHG emissions from land-
fills while at the same time decreasing the dependency for power
production on fossil fuels. In addition, 80% of the combustible bio-

).


Average of 10 finalists
(mg/Nm3)


EU standard
(mg/Nm3)


US EPA standard
(mg/Nm3)


3.1 10 11
2.96 50 63
112 200 264
8.5 10 29
24 50 45
0.01 0.05 0.06
1.02 10 n/a
0.02 0.10 0.14
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mass included in MSW can be considered as renewable fuel, a fact
that is already acknowledged by the US DOE which categorizes
MSW as biomass. One more significant parameter that was ob-
served is that the communities that use WTE have a 17.8% higher
recycling rate than the US EPA average, which counters the usual
argument of environmental groups that building of new WTEs will
result in lower recycling rates.
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Executive Summary


This report is the result of a unique interdisciplinary collaboration between faculty and students of Columbia
University and academic, governmental and environmental experts from the New York region. A research project
of Columbia University's Earth Institute, Earth Engineering Center, and the Urban Habitat Project at the Center
for Urban Research and Policy of Columbia's School of International and Public Affairs, the report examines New
York City's current waste disposal plan and the impact of the Fresh Kills landfill closing. The report concludes
that New York City faces a critical period over the next few years during which it must come to grips with its
long-term waste disposal needs both from a public policy and a technical perspective. 


While the report takes no position as to the appropriateness of the city's current waste export plan in the
short-term, it does conclude that long-term this plan leaves the city vulnerable to a wide range of problems
including dramatic cost increases and environmental degradation. Specifically, after the closing of Fresh Kills, 
the City now faces:


Increasing costs:


Contracts negotiated for disposal after Fresh Kills will impose significant cost increases on City taxpayers as waste
disposal charges rise from the $42 per ton cost of disposal at Fresh Kills to prices ranging from $70-$100 per ton.
In addition, the City will be far more vulnerable to changes in market control, such as the increasing consolidation
of the waste industry among a relatively small group of suppliers, and increasing transportation costs.


Political vulnerabilities:


With the closing of Fresh Kills, New York City is more vulnerable to the legislation that seeks to restrict the flow
of garbage across interstate lines. Thus far, legislation to permit such restrictions has failed to pass Congress but
should it pass, the City could face an emergency situation. Too, reliance on its existing interim contracts, paired
with the political reality of siting new facilities in the City, places the City in a particularly vulnerable position
when it is time to renegotiate its contracts with the private carting companies that currently have the necessary
transfer infrastructure in place. The events of September 11, 2001 raise the specter of future disruptions to New
York City's transportation infrastructure. Aside from instant and dramatic increases in municipal waste, if future
events disrupt truck and rail transportation for extended periods of time, the City could face a waste disposal crisis.


Environmental concerns:


The lack of a long-term solution to waste disposal raises the potential for significant environmental problems. For
example, continued reliance on long distance trucking will increase both increase fuel consumption and air pollutant
emissions. Long distance exportation of garbage raises the potential for an environmental calamity should a train
or barge fail to transport its cargo to its destination safely. Furthermore, continued focus on landfilling outside the
City's borders can result in an "out of sight, out of mind" overlooking of the need for waste diversion and recycling.


Fundamentally, the report concludes that these vulnerabilities make it imperative for the City to look beyond its
20-year interim plan to begin a long-term planning process to put the City's waste disposal operations on a solid
footing. The City planners should "think big," as they did 100 years ago when faced with a similar need to
address the City's water infrastructure needs. "Thinking big" would include consideration of a wide range of tech-
nologies (detailed in this report) which could transform the City's approach to waste disposal. The City must
strive for an integrated approach and consider a variety of technical approaches to waste management in areas
such as increased recovery of materials (by recycling) and increased recovery of energy (by combustion). As dis-
cussed in this report, there are a wide range of advances in waste management technology that, under appropriate
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circumstances, could offer both economic and environmental advantages to New York City's current waste expor-
tation approach.


While the City's activities of the last few years have managed to soften the impact of the Fresh Kills closing for
the present time, the need remains for a long-term plan to solve the City's waste disposal problems. Given the
significant challenges of political consensus building, the process of devising a creative solution for New York
City's residential waste disposal challenges must begin immediately.
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Part A : Summary


In 1947, Fresh Kills landfill opened its scales in Staten Island, amid protests at City Hall and back room negotia-
tions between Cornelius Hall, Staten Island’s Borough President, and Robert Moses, City Planning Commissioner.
For Hall, the landfill was the answer to his vision of an oceanfront highway; for Moses the landfill helped solve a
solid waste problem brought on by an inadequate waste infrastructure. To placate the public, Robert Moses promised
that Fresh Kills would be a temporary “clean fill,” receiving no municipal solid waste and open for only three
years. The fill would serve as the foundation for Hall’s highway, and the city was to build one new incinerator in
each of the five boroughs. Over fifty years later, Fresh Kills was still open, receiving nearly 13,000 tons of residential
municipal solid waste a day from the five boroughs of New York City.


Pressure on City and State officials to close Fresh Kills grew steadily until Mayor Giuliani and Governor
Pataki announced the closure of the largest landfill in the world in May of 1996. Over the next five years, the City
entered into agreements with private waste management companies for the management of designated portions of
the residential waste. The waste is collected in the five boroughs and transported out of the State predominately
by truck, but by rail and barge as well. The last barge carrying municipal solid waste to Fresh Kills left the marine
transfer station on March 22, 2001.


As an alternative to a locally controlled waste management facility, the City and its Department of Sanitation
have released a twenty-year plan for New York City that promotes waste exportation as the sole means for disposal
of the City’s non-recyclable waste, both commercial and residential. Specifically, New York City plans to contract
with a handful of private waste companies for the containerization, transport and disposal of designated portions
of the City’s residential waste in landfills and incinerators located outside of the State. While such a plan may
make sense in the short-term, it suffers from numerous weaknesses as a long-term solution. 


The City’s waste export plan is not viable economically, politically or environmentally over the long term.
Among the reasons are the following:


• Consolidation in the waste management industry will limit the City’s options and 
bargaining power over the long-term


• Rising tipping fees and transportation costs will significantly increase the City’s waste disposal costs


• Government regulation and regulatory enforcement could disrupt the movement of waste 
outside of the city and increase the overall cost of disposal


• Reliance on private waste handling facilities will make it more difficult for the City to 
develop new approaches in the future


• Unforeseen disasters could instantly increase the amount of waste in New York City and 
could disrupt the movement of waste out of the state by rail and truck


• Long distance transport of waste could result in increased air pollution, fuel consumption, greenhouse
gasses, as well as additional risks from accidents


• Disincentives to recycling


Given these potential problems, now is the time for New York City and its leaders to “think” big with creativity
and vision. Efficient disposal of the City’s solid waste is vital to the growth and success of New York. City leaders
must not leave the residents dependent on out-of-state elected officials, a handful of waste management conglom-
erates, and unanticipated catastrophes. Proper planning takes time. With the influx of money and attention to
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redevelopment following the September 11th tragedy, there is no time better to begin the process than now. Fresh
Kills was a poorly planned emergency response to a waste management crisis. The City should learn from its past
mistake and begin to plan for the future now.
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A-1 Introduction


New York City’s 8 million residents and countless number of businesses and construction projects in the five bor-
oughs of Manhattan, Brooklyn, Bronx, Queens and Staten Island generate as much as 36,200 tons of municipal
solid waste per day (tpd)1.  The city’s Department of Sanitation (DOS) is responsible for nearly 13,000 tpd of
waste generated by residents, public agencies and non-profit corporations, while the remainder of the waste is
handled by private carting companies2.  For the last fifty-three years, DOS has relied on the Fresh Kills Landfill for
waste disposal, but by April 2001, the city’s only landfill closed its scales for good 3.  In response, the City Council
has adopted a twenty-year plan for the exportation of DOS-managed waste as the exclusive waste disposal option
which has since been approved by the New York State Department of Environmental Conservation. This report
shows that this plan leaves the city vulnerable to a wide range of political and market developments which could
lead to drastic cost increases, environmental problems, and other challenges. While the city’s current approach
successfully dealt with the immediate problem of closing Fresh Kills, it does not adequately address the broader,
long-term implications of that closure. In 1946 Fresh Kills was identified as a temporary response to a New York
City waste crisis. Fifty-five years later, that “temporary” solution is a nuisance to residents and waterways. In order
to avoid a similar waste crisis in the future, the city must begin the long process of developing an efficient, envi-
ronmentally-sound, locally-controlled waste infrastructure. 


A-2 The Fresh Kills Landfill


A-2.1 The Birth of Fresh Kills
New York City disposed of its waste in the Atlantic Ocean until 1935 when a federal lawsuit brought by a coali-
tion of New Jersey coastal cities forced the city to end ocean dumping. With plans for new incinerators slowed by
the Great Depression and World War II, the city struggled to secure an adequate waste disposal option. What
resulted was a piecemeal plan for doing away with the city’s waste. Fresh Kills was proposed as early as 1938, but
due to public outrage the plan was retracted. Many alternative dumping sites were used sporadically during the
next years with no real planning for a permanent solution. 


Fresh Kills was born out of political maneuvering as a “temporary” solution to the waste management ques-
tion. Cornelius Hall, Staten Island’s Borough President, wanted an ocean front highway through the Fresh Kills
meadow. Hall believed that garbage could be an inexpensive method for filling in the meadow making the high-
way possible. He proposed the idea to Robert Moses, City Planning Commissioner, and a series of back room
negotiations began between the two starting in 1943. When word of the proposed site leaked to the public early
in 1946, Staten Islanders staged the biggest protest ever at City Hall.


In 1947, Fresh Kills first opened. To placate the public, Robert Moses promised that Fresh Kills was to only
be a “clean fill” and was to remain open for only three years. During this time the city was to build one new
incinerator in each of the five boroughs. The time of closure was extended an additional four years, but it wasn’t
until 1961 that the five incinerators were finally finished. Meanwhile, six other incinerators throughout the city
had closed, and the total increase in incinerator capacity was only 3,000 tpd. The talk of Fresh Kills as a “tempo-
rary” landfill ceased, and by the 1960’s, only one-third of the city’s trash was burned in over 17,000 apartment
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1 Department of Sanitation, City of New York. Comprehensive Solid Waste Management Plan, Draft Modification (May 2000), 
Table 2.1-1 & Appendix 1.2-2 “RFEI”.


2 Department of Sanitation, City of New York. Comprehensive Solid Waste Management Plan, Draft Modification (May 2000), 
Figure 2.1-1.


3 Fresh Kills later began receiving debris from the World Trade Center Site following September 11, 2001.







building incinerators and 22 municipal incinerators4, while more than half of the rest of the city’s refuse went to
Fresh Kills5. 


As environmental awareness grew, public pressure began to mount against incineration and landfilling. Old
landfills and incinerators were gradually shut down, with the last municipal incinerator closed in 1992. Only
Fresh Kills remained, and in conjunction with the DOS-managed waste transfer stations, has since served as the
only waste disposal option for the residential and public waste managed by DOS. [Insert Figure 1.2-1 “Location
of MTSs and Freshkills Landfill”, source DOS Draft EIS, May 2000.]


A-2.2 The Closure of Fresh Kills
In May of 1996 Mayor Giuliani and Governor Pataki announced the closure of Fresh Kills landfill. In an effort to
determine how best the city should go about disposing of the nearly 13,000 tons of waste sent to Fresh Kills daily,
the Fresh Kills Closure Task Force was established. The principal goal of the task force was to develop a short-
term plan for incrementally diverting the waste from Fresh Kills up to its full closure by the end of 2001, while
the next goal was to develop a longer-term solution.


The Task Force’s solution to the city’s short-term needs called for a four-phased waste exportation approach
with the goal of reducing the amount of waste going to Fresh Kills to no more than 4,000 tpd by 2000. In each
phase, the city issued a Bid Document for the interim export of certain portions of the DOS-managed waste, and
a subsequent contract-procurement with a private company. All interim export contracts are limited to three years
with two one-year renewal options. 


In July 1997, DOS entered into a contract with Waste Management of New York to dispose of 1,750 tpd of
Bronx waste as phase one of the interim plans. The contract has twice been reassigned, most recently to Waste
Services of New York, and the first of two one-year renewal options has been exercised. Pursuant to phase two of
the interim export plans, DOS entered into a contract with Waste Management of New York in October 1998 to
deliver 2,500 tpd of DOS-managed Brooklyn waste to two Brooklyn transfer facilities. This contract is still valid
under the original agreement, and the waste is currently exported to landfills in Virginia and Ohio. Phase three of
the plan resulted in three contracts between DOS and private haulers. The first contract was awarded to
TransRiver Marketing in October 1999, for the interim export of 1700 tpd of Manhattan waste to a facility in
Newark, New Jersey. Most of it is combusted at a Waste-to-Energy facility in Essex, New Jersey. A second con-
tract was awarded to Solid Waste Transfer & Recycling in November of the same year for the disposal of 200 tpd
of Manhattan and Staten Island waste in Pennsylvania and New Jersey. The last contract was awarded to Waste
Management of New Jersey in November 1999 for the disposal of 1,260 tpd of Manhattan and Staten Island
waste in Pennsylvania. For the fourth and final phase, although the city may enter into further contracts as
needed, DOS entered into three contracts in September 2000 for the disposal of 1,600 tpd of Brooklyn waste and
the procurement of an additional 750 tpd of redundant capacity. IESI NY Corp. will dispose of the 1,600 tpd of
waste through two transfer stations in Brooklyn. The waste will eventually end up in Pennsylvania landfills. The
redundant capacity has been procured in equal proportions with Solid Waste Transfer and Recycling and Waste
Management of New Jersey through transfer facilities located in New Jersey6.  Appendix A includes a “Vendor
Profile” of the interim contracts with private carting vendors, entered into by New York City pursuant to the
“phased” approach.


In 1996, 12,668 tpd of DOS-managed waste was sent to Fresh Kills, with a city-wide DOS-managed waste diver-
sion rate of 12.6 percent. By the end of 1999, the city exceeded its expectations by limiting the amount of waste going
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4 McCrory, John. “New York City The First Regional Government Still Cries for Planning The Case of Waste Management.”
Planners Network Online, No. 128 (March/April 1998).


5 Miller, Benjamin. Fat of the Land (2000). Four Walls Eight Windows, New York, New York.
6 Department of Sanitation, City of New York, Bureau of Planning and Budget. Export Vendor Profile & Export Contract Management
Unit Registered Contracts (see Appendix A).







to Fresh Kills to 5,000 tpd, instead of the projected 6,500 tpd, and the waste diversion rate was 18 percent7,8. By
February 5, 2001, New York City entered into seven contracts to dispose of the remaining waste being sent to
Fresh Kills. The last barge to Fresh Kills carrying municipal solid waste left the marine transfer station shortly
after March 19, 2001.


Fig. A-1 “Annual Phase-Down of Fresh Kills Landfill”, source DOS SWMP May 2000


A-3 The City’s Plan for Waste Export


The city’s current plan to deal with a post Fresh Kills world is described in detail the DOS 2000 Comprehensive
Solid Waste Management Plan Draft Modification (2000 SWMP). This amended a previously published 1992
Solid Waste Management Plan which called for an extension of the city’s curbside recycling program, gradually
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7 Department of Sanitation, City of New York. The DOS Report Closing the Fresh Kills Landfill (February 2000), Figure 3, p. 2.
8 Department of Sanitation, City of New York. 2001 and Beyond: A Proposed Plan for Replacing the Fresh Kills Landfill
(December 1998), p. 1.
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reducing the city’s reliance on two-outdated municipal incinerators, the construction of a state-of-the-art incinera-
tor in the Brooklyn Navy Yard, and a rehabilitation and upgrade of the Southwest Brooklyn incinerator. A 1996
amendment to this plan called for even further expansion of the city’s recycling program and a more extensive
environmental review of the Brooklyn Navy Yard and Southwest Brooklyn incinerators. Along with the closure of
Fresh Kills, Mayor Giuliani also announced a ban on new landfills and incinerators within New York City. As a
result of this dramatic shift in policy, DOS published the 2000 SWMP. A large portion of the plan focuses on
waste exportation as a permanent solution for disposing of New York City’s DOS-managed municipal solid waste. 


A-3.1 The Long Distance Solution
The overall strategy of the “long-term” plan is to develop an environmentally and socially sound solution. DOS
believes that waste exportation by rail and barge offers the solution that will limit the amount of environmental
impacts caused by new waste management facilities and air pollution, while providing the city with a cost-effec-
tive and politically-just disposal alternative. 


One key to the DOS strategy has been the development of a “borough-based approach”, by which each bor-
ough will export only residential waste generated within its borders. Community groups have worked hard to
equally distribute the city’s waste burden, and DOS has sought to allay their concerns. Critics, however, feel that
the Plan’s failure to consider commercially-generated waste will do little to counteract the environmental injustice
caused by the high concentration of privately managed facilities in Brooklyn and Queens. 


Furthermore, DOS believes the reuse of existing DOS waste transfer facilities and the construction of new
containerization facilities for waste exportation via rail and barge will limit environmental damage. Earlier propos-
als considered retrofitting existing DOS waste transfer stations, but studies found that such an action would
decrease the efficiency and existing capacity. By locating new and in some cases retrofitting existing, facilities for
barge and rail waste exportation, DOS hopes to limit the amount of air pollution caused by diesel trucks and
fairly distribute the waste burden of each community. Again, opponents to the plan argue that private carting
companies still account for the majority of truck traffic, and the best alternative is to promote cleaner fuel tech-
nologies 9. Even with this criticism, DOS determined that waste exportation is the superior alternative. As demon-
strated in the following section, however, a number of political challenges, market changes, and environmental
impacts could place New York City in an extremely vulnerable position if reliant solely on waste exportation. 


Although at the time this report was written none of the long-term contracts had been entered into, under
the proposed long-term export plan, the city would undertake the following actions:


• For the 950 tpd of DOS-managed waste formerly delivered to the Southwest Brooklyn Marine Transfer
Facility (MTS), the Department will develop a truck to container to barge transfer facility. This facility will
replace the Southwest Brooklyn MTS, and will result in the demolition of the old incinerator. The facility
will be owned by DOS, but most likely will be managed by the private carting company exporting the
waste.


• For 990 tpd of DOS-managed Brooklyn waste formerly delivered to the Greenpoint Brooklyn MTS, the
city will contract with a private carting company to convert the MTS into a truck to container to barge
transfer facility, or develop a truck to container to barge or railroad transfer facility on a site proximate to
the Greenpoint MTS, adjacent to the Brooklyn Shoreline of Newtown Creek. If the Greenpoint retrofit
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9 See the comments in Chapter 26 of the Final Environmental Impact Statement for the Comprehensive 
Solid Waste Management Plan, prepared for the DOS.







proceeds, DOS will act as a long-term lessor to the respective private carting company.


• For the 1,080 tpd of DOS-managed waste from Queens formerly delivered to the Greenpoint MTS, the
city will contract with a private company for waste exportation via a truck to container to barge or railroad
transfer facility developed on a site adjacent to the Queens shoreline of Newtown Creek. The waste sheds
were designated in the approval process of the Solid Waste Management plan put forth to the City
Council, however, further approval may be needed.


• For the 1,900 tpd of DOS-managed waste from Bronx, the city will enter into a waste export contract with
a private carting company. DOS will most likely favor proposals from companies with an existing truck to
container to barge or railroad transfer facility in Bronx, however, a new facility may also be developed.


• For the 1,150 tpd of DOS-managed waste from Staten Island, DOS will develop a truck to container to
railroad transfer facility at the Fresh Kills landfill. The facility will be managed and operated by a private
company.


• For the 2,390 tpd of DOS-managed Manhattan waste formerly delivered to three MTSs, the remaining
1,860 tpd of DOS-managed waste from Brooklyn formerly delivered to the Hamilton Avenue MTS, and
the remaining 2,180 tpd of DOS-managed Queens waste formerly delivered to the North Shore MTS, the
city will enter into a contract with Browning Ferris Industries for the development and operation of an
Enclosed Barge Unloading Facility (EBUF), capable of handling up to 10,000 tpd, to be located in Linden,
NJ. Waste will most likely by exported to Georgia and South Carolina.


The terms of all contracts will be 20 years, with 2-5 year extensions at DOS’ option. DOS plans to pay the pri-
vate haulers a monthly fee to cover fixed cost, and per ton of municipal solid waste delivered. Since all of the fixed
costs will be covered regardless of how much waste is delivered, there will be no minimum tonnage requirements.
The average annual cost to the city was estimated at $323 million 10,  but a recent article reported that the city’s
annual bill for collecting and disposing residential trash has jumped to about $658 million 11.  


For the truck to container to barge or railroad facilities in Brooklyn, Queens and the Bronx, the city antici-
pates waste exportation to begin no sooner than Fiscal Year 2002, and no later than Fiscal Year 2004. The city
anticipates that the Brooklyn (Southwest) truck to container to barge facility will begin receiving waste in Fiscal
year 2003, and the Staten Island truck to container to barge or railroad facility by Fiscal Year 2002. The Linden
EBUF will probably not begin receiving waste before Fiscal Year 2004. Except for on-going negotiations with
Browning Ferris Industries, DOS had just begun the process of requesting contract proposals by the end of 2000.
Given the events of September 11, 2001, however, these schedules may be pushed back considerably. Appendix B
includes detailed information on the estimated costs, facility locations, and estimated time-line for the DOS long-
term plan.


A- 4 Ramifications of the 20-Year Plan


Many cities around the nation are confronted with similar waste disposal constraints, ultimately leading to waste
exportation regionally, statewide, and in many cases, out-of-state. This report does not address the reasonableness
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(November 2000), p. 131.


11 Eric Lipton. “City Begins Its Last Phase In Closing Out Fresh Kills Site.” The New York Times, Metro Section, 
B1 (February 5, 2001).







of New York City’s exportation of waste over the short-term. It focuses instead on the potential issues that could
arise in the future and that require government attention now. For example, rising landfill and transportation
costs, restrictions on the interstate movement of waste, and further consolidation of the waste industry, to name a
few, are all potential problems that over the next twenty years make an indefinite commitment to waste exporta-
tion an unsound policy for the city of New York.


A-4.1 Political Considerations 
With less local control over the city’s waste, New York will be increasingly vulnerable to political decisions from
within and outside the State, to the demands of private carting companies exerting the greatest dominance over
the industry, and to unforeseen events such as those that took place on September 11, 2001 which could lead to
sharp increases in disposal demand and disruptions in transportation links. Three political challenges, in particu-
lar, could lead to higher disposal costs and a limit on the city’s growth: federal regulation of interstate waste trade
and new landfills, further consolidation of the private carting industry, and local resistance to the siting of future
waste facilities.


Government Regulation


As landfill space continues to diminish and political pressure from communities opposed to waste importation
builds, it is possible (though not likely) that Congress could allow states to impose restrictions on the interstate
flow of municipal waste. Similarly, stricter regulations on new landfills by federal and state Environmental
Protection Agencies could increase the cost of new landfills and limit future landfill capacity. 


Gauging future contracts by those already entered into, nearly all, if not all, of the city’s waste will be
exported out of the state. With only 28 landfills operating in the state of New York, down from 300 in 1986 12,
and less than 10 years of remaining landfill capacity 13,  it seems unlikely that reliance on out-of-state facilities will
diminish twenty years into the future. Restrictions on the interstate flow of waste and construction of new
landfills could drastically alter the price of landfill disposal and waste exportation for the city of New York, and
may even leave the city without adequate space to deposit its municipal waste. Without a locally controlled waste
management infrastructure, New York City could face a substantial limit on the city’s economic growth, and may
even face a major crisis.


There are currently two bills in the U.S. Senate that would amend the Solid Waste Disposal Act to authorize
local governments, state governments, and governors to restrict or prohibit the receipt of out-of-state municipal
solid waste. One bill was introduced by Senator Robb from Virginia and the other was introduced by Senator
Voinovich from Ohio who sits on the Committee on Environment and Public Works. Both are from states that
currently receive New York City waste. Furthermore, Congressman Paul E. Kanjorski of Pennsylvania, one of
New York’s largest waste importers, just recently reintroduced his Solid Waste Compact Act, H.R. 667 limiting
out of state trash imports. While the passage of these bills is far from certain, over the next twenty years and
beyond it is at least possible that similar bills may be enacted. While the likelihood of enactment appears low,
were such legislation to pass it could lead to a real crisis for New York City.


Even without authority from the Federal government, indirect actions can be taken by States to disrupt the
flow of waste through their borders. A recent New York Times article entitled, “Crackdown on Trucks Leaves Piles
of Trash in New York,” described how repeated truck inspections by Pennsylvania authorities, and in some cases
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the side lining of garbage trucks for safety violations, caused serious disruptions in New York City 14.  With nearly
34 percent of the trucks inspected ordered off the road, waste transfer stations in New York City filled to capacity
and garbage stacked up in the street in front of commercial establishments. No one questions Pennsylvania’s inter-
est in ensuring the safety of trucks on its highways, but the actions undertaken by the state highlights New York
City’s potential vulnerability to the actions of out-of-state authorities.


Private Waste Industry Consolidation


The private waste carting industry has just recently emerged from a period of mergers and acquisitions leaving
only a handful of companies with the national reach needed to handle the exportation of New York City waste.
Furthermore, these companies are beginning to lobby with the same voice. During the month of January, three
companies controlling a quarter of the total New York City commercial waste market, Waste Management Inc. of
Houston, Allied Waste Industries of Scottsdale, Ariz, and IESI Corporation of Hamilton City Texas, threatened to
pull out of the market if the city does not raise the price cap imposed by the City Waste Trade Commission.
According to company representatives, they would have to increase the price per ton by nearly 150 percent just to
break even 15.


The same three companies that exert pressure in the commercial sector also account for over 50 percent of
the interim, non-redundant residential contracts measured by tons per day 16.  Waste Management Inc. and its sub-
sidiaries, alone, account for over 35 percent. Whether provisions in the long-term contracts allow price adjust-
ments under certain circumstances such as legislative and technological changes, or simply renegotiating contracts
in twenty years, if New York City has no options other than waste exportation, the city will be at a competitive
disadvantage when bargaining against a consolidated private waste carting industry. A more flexible local waste
infrastructure would help equalize the city’s bargaining power.


Reliance on Private Waste Handling Facilities


Meanwhile, dependence on a few private carting companies for the exportation and disposal of the city’s DOS-
managed waste could lead to a series of political difficulties resulting from the city’s shift of management and
facilities to these companies and the local communities’ discomfort with an impermanent waste management
environment. According to the SWMP Draft Modification long-term plan, three of the six local waste facilities
will be owned and operated by private companies instead of DOS, handling over 60 percent of the residential
waste 17.  Assuming that the siting of these facilities is successful in the face of strong local opposition, New York
City residents will become accustomed to those new facilities over the twenty-year life of the contracts, as will
DOS. Rather than facing political opposition to the siting of new facilities, the city will be more inclined to enter
into contracts with the same companies. When the time comes to renegotiate the city’s contracts with the private
carting companies, the city will be at an economic and political disadvantage. 


So long as there is no finality, the five boroughs and numerous community groups will continue to use politi-
cal pressure to oppose new facilities. Meanwhile, the private companies will have an upper hand in negotiations
because they have the added value of controlling the infrastructure already in place. This is most evident in the
case of the BFI’s Linden, New Jersey EBUF.


Unforeseen Catastrophes


Authorities estimate that as much as 1 million tons of debris will be removed from the World Trade Center site
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over the next year. State and city officials have reopened Fresh Kills landfill for the sole purpose of receiving this
debris. Had the events of September 11 taken place some years into the future, it is quite possible that the landfill
would not have been available. The availability of Fresh Kills has dramatically reduced the burden, both logisti-
cally and financially, of the clean up effort. In addition, the events of September 11 raise new concerns about the
vulnerability of the city’s transportation infrastructure to terrorist attacks. An export plan that is heavily reliant on
truck and rail transportation would make the impact of any sustained closing of key city tunnels and bridges
immediate and dire. These events further underscore the city’s need for additional options. While everyone hopes
that the act of terrorism was an isolated event, further catastrophes could occur, and the city must have flexibility
in coping with their implications.


Conclusion


Fresh Kills has been a source of political contention ever since its creation. Its closure appeased the city’s Staten
Island constituency, and environmental voices alike. In the short-term, waste exportation is a politically favorable
alternative. The borough-based approach ensures that each community will shoulder its own waste burden, and
the city will not have to embark on the arduous process of locating a new facility. On the other hand, waste must
still be collected and transferred, and the problems associated with its disposal do not simply disappear on a magi-
cal barge or train. Some community ultimately becomes the end point, and growing political pressure over the
next twenty years may lead to restrictions. The easier political choice today may leave the city unprepared and ill-
equipped tomorrow.


A-4.2 Economic Considerations 
There are three primary economic concerns regarding the long-term cost of municipal solid waste management
costs: consolidation in the private waste management industry, consolidation of available landfill space in the
hands of a few large companies, and a national trend of increasing tipping fees. Individually each of these forces
and their upward pressure on costs is a concern for any city, however for New York the size of the costs and com-
mensurate risk of cost increases are spectacular and merit careful study and planning. 


Consolidation in the Waste Management Industry


Over the past several years the waste management industry has undergone tremendous changes and consolidation.
One company, Waste Management Industries, has emerged as the market leader, with over 31 percent of the
national municipal solid waste management market. While the industry has not made headlines the way it did in
1998 and 1999, Waste Age’s 8th Annual Survey of the top 100 firms in the industry again shows growth rates for
the industry leaders that are well above the growth rate for the industry as a whole 18.  In order to outpace the over-
all industry growth rate, the largest firms are either buying smaller companies or simply winning work away from
them. Given shareholders’ pressure to achieve consistently better numbers, we may yet see more dramatic mergers. 


The consolidation of recent years has seen the number of publicly traded companies in the industry dwindle
to seven, and significant consolidation of services to those companies. In fact, seven companies were responsible
for tipping 58 percent of all average daily tonnage in the United States in 2000, up from around 52 percent in
1998 19.  Indeed, the municipal solid waste management business is increasingly likely to suffer from regulatory
capture, as the large waste management firms exercise their growing market and financial power to influence pub-
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lic policy toward their favor. Not only are a handful of companies responsible for more waste overall, there are
also fewer companies. Waste Management, which acquired USA waste services and Eastern Environmental in
1998, controls 31.1 percent of the national average daily tonnage; Allied Waste, which acquired American
Disposal Services in 1998 and Browning-Ferris Industries (BFI) in 1999, now controls 19 percent of the national
market; Republic Services controls 4.7 percent of the national market; and Superior controls 1.3 percent20.  These
four companies are all active participants in New York City waste management, and together they account for
over half (56.1 percent) of all waste management nationally. IESI should also be mentioned, because it has been
growing at a rate of over 150 percent annually for the last five years (largely though acquisition), and it is a large
vendor in New York City.


Consolidation in Landfill Ownership


Statistics on industry consolidation are disconcerting when viewed through market share, but they are even more
alarming when viewed in-terms of landfill ownership. Roughly three-quarters of all non-recycled municipal waste
is disposed of in landfills, and while landfills account for only 35 percent of the aggregate spending on municipal
waste, they are the most profitable part of the business, with gross margins sometimes reaching 40 percent21.


The EPA’s Subtitle D regulations for landfill operation and construction have been a large part of changing
the economics of landfills. With specific requirements for liners, financial assurance and monitoring and mainte-
nance post-closure, Subtitle D raised the minimum efficient scale for landfills and made ownership and operation
difficult for smaller firms and municipalities. Those forces combined with the general trends of consolidation of
the industry place an undue amount of market power within a few public traded firms. 


In 1996, publicly held firms controlled about 37 percent of the landfill market share and by 2000, the num-
ber of public firms had dropped and the percentage of average daily tonnage controlled by them had grown to 58
percent. Control of remaining landfill capacity has also consolidated. While seven publicly held firms now control
approximately 61 percent (3.22 billion tons) of available landfill capacity, compared with 31 percent (1.63 billion
tons) owned by municipalities, and 8 percent (0.43 billion tons) owned by privately held firms, they have an even
larger share of control over the larger, more efficient landfills. Publicly-held companies control 61 percent of the
landfills that handle more than 500 tons per day, and have even more control over newer and more cost effective
“mega-landfills” which can handle more than 3,500 tons per day. In 1996, there were only 21 mega landfills in
the country and today there are 40. Of the 40 mega-landfills, publicly held firms control 31, and over 77 percent
of the market 22.  For New York City the implications are clear. Generating 13,000 tons per day of waste, New York
will rely heavily on larger landfills to dispose of the city’s waste, and those landfills are run by a handful of companies.


Legislation in Pennsylvania and Virginia could also adversely affect the landfill market. Pennsylvania and
Virginia import a significant amount of garbage from throughout the Northeast, including substantial amounts
from New York. Pennsylvania is the country’s largest importer of waste, bringing in 9.8 millions tons of waste,
while Virginia was second with 3.9 million tons23.  To date, attempts at flow control and legislation to prevent
interstate movement of MSW have been unsuccessful, but both Virginia and Pennsylvania are contemplating local
legislation that would make it harder to build and expand landfills. This kind of regulation could certainly raise
the cost of building and operating landfills, likely reducing the amount of capacity available, and forcing prices
up. While there is no clear plan or even immediate threat, New York City’s exposure to this kind of regulation
warrants consideration of long-term alternatives.
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Tipping Fees


Over the past several decades tipping fees at landfills have been rising steadily. Tightening environmental stan-
dards and new requirements for monitoring and maintenance post closure have substantially raised the cost per
ton of managing a landfill. Between 1985 and 1998 the average tipping fee in the United States rose $23.61 a
ton, an average of 7 percent annually and nearly a 300 percent total increase 24.  Nationally that trend has largely
stabilized prices today are roughly equivalent to what they were in 1995 debut in the Northeast the problem of
increasing tipping fees is becoming especially acute. 


According to the National Solid Waste Management Association, the average national tipping fee in 2000
was $32.19 per ton, roughly equivalent to the costs in 1995. But over the past two years, tipping fees in the
Northeast rose by almost 5 percent ($3.14) to a national high of $69.84. This can be directly related to a shortage
of capacity. Nationally, the United States has nearly 18 years of landfill capacity available, up from 10 a few years
ago, but in the Northeast several states (New York, Vermont, and Massachusetts) have less than ten years of
landfill capacity. Furthermore, New York and New Jersey together exported nearly 6.2 million tons of garbage 25.
The closure of Fresh Kills will add another 4.7 million tons to this total. All this combines to create a market
where tipping fees are over twice the national average and rising.


Planned Annual Expenditures and Available Capital


A quick examination of the expenses New York City has budgeted for the next twenty years shows that using very
conservative numbers, New York City could finance a substantial amount of capital investment, and may be able
to better control its own costs over the long term. In order to provide some guidance on the city’s capacity to
finance its own infrastructure, we have developed some rudimentary calculations based on common assumptions
and national trends.


If we assume constant MSW generation rate of 13,000 tons per day, and constant cost disposal fees of $95.00
per ton, (per the Department of Sanitation’s estimate) New York City plans to spend roughly 450 million dollars
a year on waste removal and disposal. Approximately 55 percent of the money spent nationally on waste removal
is spent in the collection of waste 26, so we have assumed that only 45 percent of New York City’s planned expendi-
tures of roughly 200 million dollars is available for capital investment. Using an interest rate of 4.5 percent (cur-
rent yield-to-maturities of New York City’s long-term debt are around 4.2 percent) the present value of 20 years
of planned capital expenditure is around 2.7 billion dollars. 


2.7 billion dollars translates to roughly 28 dollars a ton today for the estimated 95 million tons of municipal
solid waste that will be generated over the next 20 years. Current estimates of construction costs for smaller (500
tpd) and generally less efficient landfills are around $25-$30 a ton of capacity, while the cost of building a million
ton-per year waste-to-energy facility is roughly 400 million dollars. The comparison is important because it
implies that exporting waste is not necessarily the lowest cost option for New York. In fact, the city has the finan-
cial wherewithal to build sufficient landfill capacity to meet its need over the next twenty years, or to easily build
the five million tons per year of waste to energy capacity required to dispose of all of New York City’s municipal
solid waste. This can be done without raising projected costs and may eliminate a substantial portion of the risk
associated with contracting to third-party providers such as unplanned increases in export fees, provider default,
inadequate service, and national legislation hampering the free movement of municipal solid waste. 


These back-of-the-envelope calculations are by no means complete, and should not be construed as advocat-
ing substantial capital investment by the city. Instead, these calculations merely highlight the need to more care-
fully examine all of the options available to the city, and to more closely analyze the true cost of long-term contracts.


Life after Fresh Kills: Policy, Technical, and Environmental Considerations.
Earth Engineering Center and Urban Habitat Project, Columbia University, November 2001


A-10


24 Repa, Edward, W.; “The Tip Off”, Waste Age, May 1, 2001
25 Ibid.
26 Young, Lenore, T.; “Solid Waste ABCs—art 1”; Pollution Control Monthly, Salomon Smith Barney Equity Research, 


March 30, 2001







Conclusion


New York City is becoming a large customer in a market with very high and rising costs. The increasing consoli-
dation of market power in a handful of publicly held companies is bound to drive up costs throughout the waste
management system. Given the amount of money that New York City has budgeted to spend on waste collection
and disposal over the next twenty years, it is imperative that New York take a comprehensive look at all of the
waste management options available.


A-4.3 Environmental Considerations 
While any solid waste management proposal would present serious environmental considerations, there are certain
considerations that arise which are either inherent to waste exportation practices or are exacerbated by them. They
include environmental consequences due to longer distances traveled, an increased risk of environmental calamity,
and increased tension with recycling efforts.


Consequences of Longer Distances Traveled


Transporting solid waste long distances will require extensive use of truck, rail or barge or some combination
thereof. All of these forms of transportation contribute to air pollution, although to varying degrees. The more
miles traveled, the more fuel consumed. Fuel consumption is directly related to both air quality and greenhouse
gas (GHG) emissions. In fact, fuel combustion is currently the largest contributor to air-pollution 27.  Trucks,
trains, and barges emit a wide variety of air pollutants when they are operated, including criteria and related pol-
lutants, toxic pollutants, and chlorofluorocarbons (CFCs), among others. These contribute to ill health, acid dep-
osition, smog, stratospheric ozone depletion, and climate change 28.  Inland water transport, considered to be the
most fuel efficient of the options, requires 3.15 gallons of fuel per 1,000 ton-miles of freight; rail freight requires
4.21 gallons or 33 percent more than barges 29, and truck freight requires 8.33 gallons, or 164 percent more than
barges. Whereas inland water transport used to make up the majority of transportation during the years of Fresh
Kills, the vast majority of waste will now be delivered via railroad.


New legislation placing greater restrictions and/or costs on fuel consumption is possible especially in light of
the reports released in February by the Intergovernmental Panel on Climate Change (IPCC)30, reaffirming in more
certain and imminent terms than ever before the effects of global warming. Carbon dioxide is the greatest con-
tributor to global warming, accounting for 76 percent of the predicted increase 31, and burning one gallon of 
gasoline generates 22 pounds of carbon dioxide 32.  Every extra mile traveled means more gallons of fuel burned,
which ultimately means more pounds of greenhouse gasses added to our atmosphere. If restrictions on carbon
dioxide emissions are enacted over the next twenty years, the cost of long distance transportation could increase
dramatically.


There are other negative by-products that are magnified with long-distances travel. The more miles traveled,
the greater the congestion on roads, rails and waterways. Increased congestion leads to greater noise pollution,
visual blight, as well as human frustrations. Additionally, the more miles traveled, the more maintenance is
required on the vehicles, regardless of which means of transport is selected. In addition to the obvious costs that
increased maintenance entails, there are environmental consequences as well. Parts need to be exchanged more fre-
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quently, and ultimately vehicles will need to be disposed of more frequently. All this leads to a greater production
of waste at a more rapid rate. Longer journeys will require more frequent cleaning of the vehicles as well. The
wastewater produced from these activities is itself a pollutant that needs to be treated.


Increased Risk of Calamity


Increasing the number of miles traveled also has the negative consequence of increasing the risk of calamity en
route. Trucking the waste would clearly be the most troublesome choice. Not only do trucks have the most
inefficient use of fuel as discussed above, but the rates of accidents with large trucks are astounding. According to
a Department of Transportation study there were an estimated 453,000 accidents involving large trucks, causing
5,362 deaths and 142,000 injuries in 1999 alone. The report totaled the cost of these accidents at over $24 bil-
lion 33.  Accidents involving barge or rail, while less frequent, could be far more catastrophic. The Coast Guard in a
study found there were 9,000 oil spills a year on average between 1993 through 1999 34.  While oil spills present
their own unique set of environmental harms, absent for the most part in the context of solid waste, the figure
does give an idea as to number of potential accidents. Rail cars are even more susceptible to accidents than barges.
Because shipments generally involve a large number of massive units traveling at high speeds and in a single line,
if an accident occurs it usually results in multiple collisions causing severe damage 35.


Moreover, the cleanup costs involved in such transport accidents can be far higher, in light of the kind of
cargo involved. For example, a collision involving a barge could result in solid wastes spilling over potentially eco-
logically sensitive waters. Household toxic wastes are not regulated any differently from household solid wastes 36.
Americans generate an average of 1.6 million tons of household hazardous waste a year 37.  This may include such
things as paint, stains, varnish, car batteries, and cleaning solvents. Consequently included in municipal solid
waste may be toxic contaminants from such things as cleansing detergents. Additionally, solid waste spills nega-
tively impact global warming as well.


Disincentives to Recycle


It can be argued that in being forced to live with its own trash, the pressure will be greater on New York City to
find better and more efficient ways both to recycle as well as to reduce the production of wastes. So long as every-
thing is being shipped far from home the incentives are not present to cut back and to streamline. There is much
truth to the old adage “Out of sight, out of mind.” If New York City were forced to contend with its own waste
on a permanent basis, spatial as well as clean-environment considerations would put pressure on the city as well as
its citizens to curb their waste production and to recycle what waste is produced. Currently New York City recy-
cling rates lag far behind most of the other major cities in this country. New York City, according to a recent
study of the recycling program of the 30 largest municipalities, recycles at a rate of 18.2 percent, as opposed to
35.2 percent in Philadelphia, 44 percent in Los Angeles, 47.3 percent in Chicago, 42.3 percent in San Diego, and
30 percent in San Antonio, for example 38.  The over-all national recycling rate in 1998 was 28.2 percent according
to the EPA39,  and while more recent reports issued by DOS show an increase in the recycling rate to just over 20
percent, the national average is still far above New York City’s rate.
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Conclusion


Any waste disposal option has environmental consequences. All facilities require local approval for siting, and
rarely are people easily convinced that a waste facility is in their best interest. Even long distance transport, how-
ever, requires the siting of facilities, and increased distances traveled create a unique set of environmental issues
above and beyond the siting of a facility. Long distance travel leads to increased disposal costs from fossil fuel con-
sumption and calamity insurance, as well as increased external costs such as air pollution and waste spills. With
further government regulation, these externalities could some day increase disposal costs as well.


A-5 No Time to Waste—Beginning the Process


While the current plan to export the city’s waste out-of-state seems on the surface like a good short-term strategy
for handling the enormous amount of DOS-managed waste generated daily, this report shows that there are varied
and profound reasons why the city cannot do so indefinitely. For many, thinking twenty years into the future is
unreasonable. However, if history has taught New York City anything, it is that planning the type of infrastructure
needed requires at least as much time. As described in the section entitled “The Birth of Fresh Kills,” the landfill’s
creation was haphazard and its permanence unintended. Today Fresh Kills accounts for 5.7 percent of all daily
U.S. methane emissions (see Part B, Section 14.2), and the City estimates that the cost of closing the landfill will
be in excess of $1.1 billion over thirty years, of which only $75 million has been earmarked from the State.40 In
order to avoid a similar situation ten to twenty years from now, New York City must begin developing a locally con-
trolled alternative today.


The creation of large-scale infrastructure can take decades to develop properly. Forty-seven years ago, New
York City recognized the need for a third water tunnel to meet the growing demand on the more than 150-year
old water supply system. Planning for City Tunnel No. 3 began in the early 1960s, but the project will not be
completed until 2020. While the development of an environmentally-sound, cost-effective, and stable waste infra-
structure should not take sixty years, experience shows that the process certainly takes time, something New York
City may be short of. No one option is clearly desirable, and public reaction is often fierce to siting efforts. While
this report does not recommend any particular option, it does argue for thinking creatively and with a long-term
perspective whether dealing with creating sites in New York City or elsewhere. The following section describes
various approaches to the siting of facilities. No matter which approach the city ultimately chooses or how much
resistance there is in the local community at first, political opposition need not stifle innovation.


A-5.1 Different Approaches
Community opposition is the primary obstacle to the siting and development of waste management facilities.
Opposition is routinely focused on the argument, “not in my backyard,” or NIMBY. These beliefs are often
fueled by historical inequity in facility siting tending to place a disproportionate burden on low income commu-
nities, and differing risk perceptions and aversions depending on ones proximity to the controversial facility.
Regardless of the underlying rationale both the source and solution to NIMBY issues center upon the siting
approach undertaken and the political process that ensues. A process that does not provide the community with
adequate information in a timely manner, and does not open itself to public involvement, creates suspicion, dis-
trust and opposition.
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Recognizing the need to begin the long process of developing a locally-based waste infrastructure, the city’s
leaders must first choose an appropriate decision-making approach. Three main approaches, regulatory, market
and voluntary, are at the center of all political processes requiring community buy-in 41.


Any political decision that results from a centralized-decision making process including only government
entities and their affiliated independent agencies can be classified as a regulatory approach. In the context of waste
management, governing agencies such as DOS and the New York State Department of Environmental
Conservation, identify, permit and locate waste facilities, and create waste management strategies. Often this
approach involves the use of tactics and legal tools such as preemption and eminent domain, and at times may be
facilitated by state legislation waiving local approval. Top-down regulation and decision-making require the least
amount of consensus-building and public support, making the process less burdensome at the outset; however,
public distrust in government and the decisions may lead to strong opposition even if the project is ultimately
found to be in the community’s best interests. In today’s legal climate, well-organized community opposition can
easily lead to political failure.


In contrast to the regulatory approach, decisions under a market approach are resolved through private con-
tracts between companies, individuals and communities. The government’s role is typically confined to oversight,
and market participants often attempt to garner community support for their actions through economic compen-
sation (from NIMBY to YIMBY/FAP- Yes in My Backyard for a Price). Compensation can be direct, i.e. profit-
sharing, employment, electrical energy provision or free garbage services, or it can be indirect, i.e., support for
community initiatives like swimming pools, roads and schools. This approach runs into problems, however, when
individuals in the community have competing interests. The more diverse the interests, and the higher the costs
of mediating between the parties, the less seamless a purely market-driven approach will be. 


Instead of using the market or a regulatory agency to locate a site and identify the appropriate technology, a
request for proposals can be extended to communities throughout the region. This type of voluntary approach
presents community stakeholders with an opportunity to tailor a solution that is most compatible with the host’s
interests. While this approach may lead to greater acceptance by the community, it does not ensure that the tech-
nology or site will be an economically or technically viable solution. Instead of inviting proposals from various
communities, cities may choose to lead and tailor public debate among particular groups to help devise the appro-
priate plan. This type of voluntary approach fosters community input and trust in the regulatory state, however,
competing interests can often lead to wrangling and stagnation. 


The three approaches laid out above, are merely the primary components of a diverse palate of possible
courses of action the city could take in developing a solution to the city’s waste management needs. Often it is a
combination of approaches that works best. The strength of the market lies in its ability to identify the most eco-
nomically efficient solution, while tying the economic and employment benefits of the project into the commu-
nity. The state, however, must ensure that market failures common to waste management facilities, namely
externalities and misinformation, are addressed through regulation and permitting. Even with economic incen-
tives and regulatory safeguards, projects ultimately need community support. This community support can only
be achieved by fostering public participation.


In the end, there is no cookbook recipe for choosing the appropriate political process and approach. Different
approaches work in different locations, and many factors must be weighed including population and population
density, land availability, zoning, and the political sophistication of the surrounding communities. Whichever
combination of approaches the city chooses, the process of developing a locally-based waste infrastructure will be
a long and difficult process that will need strong political leadership and community involvement. To guide the
process, the following section summarized four examples of siting successes both in the city of New York and


Life after Fresh Kills: Policy, Technical, and Environmental Considerations.
Earth Engineering Center and Urban Habitat Project, Columbia University, November 2001


A-14


41 Rabe, Barry. Beyond NIMBY: Hazardous Waste Siting in Canada and the United States (1994). The Brookings Institution,
Washington, DC.







around the nation. 


A-5.2 Examples of Political Successes
Appendix A-C provides four case studies from both within and outside of the State of New York in which waste
management facilities were successfully located. The studies are not meant to present a full universe of political
strategies or technical alternatives. Rather, they are meant to show that while the necessary process for the city
may be difficult, it is far from impossible. 


In 1996, Visy paper mill opened in Staten Island, New York. The mill converts recycled waste paper into
forms of cardboard used for packaging liners and boxes. The siting of the mill was unique because rather than
viewing the recycling plant as a waste management facility, the city saw the mill as a vessel for economic develop-
ment and job growth. Indeed, the city’s Mayor used the New York City Economic Development Corporation to
actively pursue Visy, and its classification as a manufacturing facility rather than a waste handling facility sub-
jected it to a very different regulatory process.


Onondaga County in New York is worth highlighting both for its facilities and approach to siting. Facing
stiff opposition from concerned citizens, government officials recognized that the only feasible course of action
was to abandon its centralized regulatory approach for a more community-based approach that included financial
incentives to host communities. After almost two decades of wrangling with the community, the county created
an independent citizen-based agency to deal with its solid waste problem, and in 1989 the Onondaga County
Resource Recovery Agency (OCRRA) was approved. Over ten years later, the county manages its municipal solid
waste through an integrated approach including recycling, composting, landfilling, and a waste-to-energy facility. 


The history behind the SEMASS waste-to-energy plant in Rochester, Massachusetts offers an example of a
market-driven approach to facility siting. In the late 1970’s Energy Answers Corporation approached the officials
in Rochester about located a waste-to-energy facility within the town limits. As an incentive, the company agreed
to provide free waste disposal services to the town and one dollar for every ton of waste received by the facility
(with annual increases based on the consumer price index). Through a democratic procedure the town agreed,
and today SEMASS processes nearly 1 million tons of municipal solid waste annually. Those towns, cities, and
counties with the foresight to enter into long-term contracts early on pay roughly $18 per ton compared to pres-
ent tipping fees of almost $75 per ton.


Lastly, Palm Beach County’s experience offers an example of how a government-initiated approach can suc-
cessfully lead to an innovative integrated waste management facility through partnerships with both government
and private contractors. After its creation by municipal and county officials in the early 1970’s, the Solid Waste
Authority of Palm Beach (SWA) slowly began building assets and management experience. Between 1982 and
1989, the SWA generated $320 million in funds through Resource Recovery Bonds. Today the SWA owns a
1,400 acre site which includes a waste-to-energy facility, two landfills, five transfer stations, a 300 ton per day
composting facility, a multi-stream material recovery facility, and a ferrous-metal recovery facility. Daily opera-
tions of the waste-to-energy and material recovery facility are contracted out to a private company. 


A-5.3 Alternatives to NYC’s Present Approach
Part B of this report discusses in detail the technical alternatives to the present plan of New York City to export
its municipal solid wastes to other states, principally for landfilling. Environmental and economic aspects of these
alternatives are also considered.


Life after Fresh Kills: Policy, Technical, and Environmental Considerations.
Earth Engineering Center and Urban Habitat Project, Columbia University, November 2001


A-15







A-6 Conclusions


New York City faces perhaps one of its most challenging moments in its history. As the city recovers from the
tragic events of September 11, 2001, its leaders must seize the opportunity to shore-up the vital infrastructure
upon which the city is built and further strengthen the city’s resilience and self-sufficiency. Our capacity to manage
the waste created within our city is essential.


As described in this paper, doing nothing would leave the city vulnerable to a wide-variety of economic,
political and environmental concerns. The city must not be left at the mercy of political decisions made by gov-
ernments in other states and members of Congress, or market pressure from the handful of waste management
firms equipped to handle a large-scale waste exportation program. Regardless of which type of development
process the city wishes to take, the process will take time. Fresh Kills was borne out of crisis, and we must learn
from our past mistakes to ensure that the city has an environmentally and economically sound waste infrastructure
in place decades into the future. The responsible course of action is to begin a long-term development strategy with
the goal of creating a locally-controlled waste management infrastructure that truly works for the 21st Century. 
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Appendix B:


Details of the City’s Long-term Plan
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Table A-4: New Plan Milestones


PROGRAM MILESTONE SCHEDULED STATUS COMMENT
FISCAL YEAR


Southwest Brooklyn
Truck-to-Container-to-Barge Transfer Facility


Complete design and permitting 2001 NEW—See Section 1.3


Complete construction and begin facility operation 2003 NEW—See Section 1.3


Greenpoint Brooklyn
Truck-to-Container-to-Barge or Rail Transfer Facility


Complete procurement and award contract 2002 NEW—See Section 1.3


Complete design and permitting 2002 NEW—See Section 1.3


Complete construction and begin facility operation 2004 NEW—See Section 1.3


Queens
Truck-to-Container-to-Barge or Rail Transfer Facility


Complete procurement and award contract 2002 NEW—See Section 1.3


Complete design and permitting 2002 NEW—See Section 1.3


Complete construction and begin facility operation 2004 NEW—See Section 1.3


Bronx
Truck-to-Container-to-Barge or Rail Transfer Facility


Complete procurement and award contract 2002 NEW—See Section 1.3


Complete design and permitting 2002 NEW—See Section 1.3


Complete construction and begin facility operation 2004 NEW—See Section 1.3


Staten Island
Truck-to-Container-to-Rail Transfer Facility


Complete design and permitting 2001 NEW—See Section 1.3


Complete construction and begin facility operation 2002 NEW—See Section 1.3


Linden New Jersey
Enclosed Barge Unloading Facility


Complete contract negotiations 2001 NEW—See Section 1.3


Complete design and permitting 2002 NEW—See Section 1.3


Complete construction and begin facility operation 2004 NEW—See Section 1.3


Fresh Kills Landfills


Cease waste disposal operations at Fresh Kills December 31, NEW—See Section 1.1
2001 and 1.2(1)
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A-C.1 Visy Paper Mill, Staten Island, NY
The Visy paper mill is a paper recycling facility in northwestern Staten Island which opened in 1996. The mill is
located on a 41-acre parcel of privately-owned industrial land at the western end of Victory Boulevard abutting
the Arthur Kill, just north of the Fresh Kills landfill. The Visy mill converts mixed post-consumer waste paper
into forms of cardboard used in packaging liners and corrugating medium for cardboard boxes. Visy Paper is a
division of Pratt Industries, a large, privately owned Australian Company headquartered in Melbourne, Australia.
Visy began its North American search in 1992 during the mayoral administration of David Dinkins. 
In the early 1990s, Visy Paper was in the process of looking for a site to build a recycled paper mill in the eastern
United States, close to urban sources of recycled paper. Visy’s geographic site selection area was quite large, reach-
ing west from the east coast to Chicago, and from the Canadian border south to Baltimore. In order to meet
Visy’s business needs, the site needed to conform to a number of criteria. A suitable site must be at least 20 acres,
must have adequate sewer capacity to handle the water waste of the papermaking operation, must eventually have
rail access to ship the manufactured product, must have sufficient electricity, and must have easy truck access. 
Eventually the search narrowed down to two locations in the New York metropolitan region, New York City, and
South Amboy, New Jersey. Initially, South Amboy was the preferred site, but New York City provided financial
incentives to bring the project to New York, and reportedly would not sell its enormous quantity of waste paper
to Visy if the facility were built in New Jersey. Seeking to attract new industry and jobs to New York City, the
Mayor’s office, the Staten Island Borough President’s office, and the New York City Economic Development
Corporation (EDC) actively pursued Visy, and included $120 million in tax-exempt bonds through the Industrial
Development Agency 42.  Also, the New York State Department of Environmental Conservation (DEC) facilitated
the project by certifying it under its brownfields program, thus allowing the site to be developed without fear of
liability for industrial contamination. The Visy mill was the first brownfield site developed in New York City. 


Within New York City there were only three locations that could meet Visy’s criteria and were zoned M3 for
heavy industry. One was in the Bronx, one was in Brooklyn, and one was in Staten Island. The Bronx location
was the Harlem River Rail Yards, which at that time had a recycled newsprint paper mill proposed for that site.
The sponsors for this project were the non-profit environmental group Natural Resources Defense Council
(NRDC) and a community organization, the Banana Kelly Community Development Corporation. Although the
newsprint mill project eventually fell through, the Bronx location had the additional problem of being opposed
by railroad advocates because it was located on an underutilized freight rail yard, which could be used for more
active freight railroad use 43.  The potential Brooklyn site was along the waterfront in Sunset Park. Because this site
was in a port location, the fact that the Visy mill was not a maritime use of the land made it less favored.
Furthermore, the value of the land at both the Bronx and Brooklyn sites was much higher than in Staten Island. 


The Staten Island site was just north of the Fresh Kills landfill, and at the time of the site selection, the clo-
sure of Fresh Kills was not imminent, thus depressing nearby land values. Thus, Visy was able to purchase a size-
able industrial lot within New York City for less than the price of similar parcels in other parts of the city. The
Staten Island site has access to an unused rail corridor, that accesses the Howland Hook container port in Staten
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42 The IDA is the City’s primary vehicle for providing financing assistance to businesses, including small industrial and manufactur-
ing companies. The IDA is a conduit agency that issues tax-exempt industrial revenue bonds that assist eligible industrial, not-for-
profit, and other qualified entities to finance expansion opportunities. The IDA also offers qualified companies abatements on
sales, real estate, and mortgage recording taxes.


43 It is noteworthy to contrast the siting of the Visy paper mill with the failed Bronx newsprint plant. The Bronx plant was intended
to be a model community-run industrial ecology facility located in New York City, close to a large source of waste newsprint.
There are essentially three major differences between the Bronx plant and the Visy plant. First, the Bronx facility was designed as a
paper plant and community development project, not a paper making project. In fact, there was no paper company involved in
the planning of the facility. The project proponents hoped to lure a paper company in after the facility was designed. Second, the
Bronx facility was located on public lands. Finally, the Bronx plant was to be a newsprint facility, as opposed to a cardboard mill.
Newsprint recycling requires an expensive de-inking facility, which also generates an additional waste stream. The cost of the
Bronx facility was to be far greater than Visy’s investment in Staten Island.







Island and crosses the Arthur Kill and connects to New Jersey and the rest of the continent via the Arthur Kill
Lift Bridge near the Goethals Bridge. The city acquired the Staten Island Railroad with the help of a Federal grant
from the Intermodal Surface Transportation Efficiency Act (ISTEA), and currently is repairing these tracks and
the bridge. Although the railroad was slated to be completed by now, work continues and now is estimated to be
complete in 2002. Once the rail line is completed, Visy will ship its finished product via rail. 


Even after the Staten Island site was the preferred site, two significant hurdles remained. First, the land was
privately owned by two corporate landowners and initially was not for sale. Thirty-five acres of the land was
owned by the utility Consolidated Edison, and the mill is adjacent to a Con Ed generating plant. A smaller six-
acre parcel containing an abandoned industrial facility was owned by the Chicago-based Liquid Carbonic Corp.
Both parcels were eventually sold to Visy, although neither parcels were “for sale” at the time. Second, the land
was an old industrial “brownfield,” and suffered from some hazardous contamination. The contamination was
typical of old industrial sites, but not significant enough to be classified as a hazardous waste superfund site. The
Con Edison and Liquid Carbonic sites in Staten Island suffered from mild contamination, including petroleum
and lime. Cleanup standards for the site were eventually negotiated with New York’s Department of
Environmental Conservation (DEC). Because the site only had low-level contamination and the groundwater
under the land was not used for drinking water purposes 44,  the state decided to certify it as a brownfield project.
In order to facilitate selling the land to Visy, Con Ed took on the obligation of studying the contamination and
cleaning it up. This project was a priority for the state and city, and thus received a maximum amount of coordi-
nation within the DEC. 


At the time Visy was attempting to site its plant, the Fresh Kills landfill was not slated to close. In order to
renew its state permit to operate Fresh Kills, the city needed to demonstrate that it was recycling the maximum
amount it could. State DEC officials realized that the Visy project would not only help New York recycle more
paper and reduce waste, but would also serve the purpose of creating jobs in New York state, boosting the local
economy, and redeveloping an old industrial site. 
Finally, because the Visy mill was essentially a private economic development project located on private land,
environmental review was limited. The city conducted an environmental assessment under the New York State
environmental review law, but did not prepare a full environmental impact statement. In contrast to many public
works projects, only one public presentation was given, to the Staten Island Borough Board. Additionally, one
meeting was held open to the public, as a result of a requirement of the IDA. Because the land was privately
owned and zoned M3 for heavy industry, Visy could develop as of right, and no City Council land use approvals
were necessary.


According to Visy’s siting consultant, Auric Ventures Limited, the combination of Visy’s streamlined decision-
making process and the city’s aggressive solicitation of the project were the keys to the project’s completion in
New York City. Visy’s investment in the Staten Island mill was the largest manufacturing development project in
New York City in 50 years. The plant employs about 90 to 120 people, which includes approximately 80 paper-
making employees, and 40 support employees, including administrative and cleaning staff


Interestingly, the siting of the Visy mill was not controversial, and both citywide and local politicians sup-
ported and actively solicited the project. Potential community opposition to the plant was limited because of the
remote, industrial location, which was not directly adjacent to residential neighborhoods. Additionally, this paper
recycling process does not produce unpleasant odors or visible pollution, and there is limited truck traffic to the
site. Perhaps most important, this paper mill is considered a manufacturing factory under the law, not a waste
handling facility, even though it processes waste paper. This distinction avoids the strict and time consuming reg-
ulatory process for siting waste facilities.
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44 With the exception of limited portions of Queens, none of New York City uses groundwater for drinking water. Additionally,
because this land abuts the Arthur Kill, the groundwater beneath the site is saline, and thus would never be used for drinking water.







A-C.2 Waste-to-Energy, Composting, and Recycling Facilities, Onondaga County, NY
The city of Syracuse, in upstate New York’s Onondaga County, presents a case study of both the typical central-
ized regulatory approach and a modified community-based regulatory approach. Syracuse is an excellent example
of how a centralized regulatory approach can run into a standstill when faced with the problems of community
resistance and mobilization. After almost two decades of wrangling with community groups, the city ultimately
decided to change their methodology and involve citizen groups by creating an independent citizen-based agency
to deal with the solid waste problem. 


In the early 1970s the city’s only landfill became filled to capacity, forcing the city to take responsibility and
develop a strategy for future waste management. By 1984 the city had developed a plan for a waste-to-energy
plant and received a permit for it on a 12-acre site within Onondaga County owned by the New York State
Department of Transportation. That same year the city’s mayor dropped the plan when he was unable to get
enough political support. 


After almost twenty years of stalemate, the Onondaga County Legislature decided that the solution lay in cre-
ating an independent agency to deal with waste problems. The county had come to understand that a centralized
regulatory approach was not going to work when it came to such a charged issue as waste management. The
county knew that there was no way that they were going to be able to appease every group interested in the issue,
and as long as the power lay in the hands of the elected officials there would be a substantial deadlock. A consid-
erable portion of the Legislature felt that the answer lay in the creation of an independent agency. However, many
other legislators strongly opposed the loss of control. The key pressure to pass the measure came from the city of
Syracuse; the city had threatened to pull out of the trash project if the measure were not passed. Consequently, in
1989 the Onondaga County Resource Recovery Agency (OCRRA) was approved as an independent, citizen-run
regulatory agency.


Since OCRRA’s assumption of the waste management burden, 33 of the 35 municipalities within Onondaga
County have signed on to have their wastes handled by OCRRA; the remaining municipalities contract privately.
OCRRA bases their waste management program on an integrated waste management approach which includes
recycling, landfilling, composting, and a waste-to-energy (WTE) plant. The WTE plant was built in 1992 on a
site that was previously approved by the 1984 permit plan. OCCRA issued over $178 million in bonds for con-
struction of the facility, including $15 million for environmental controls. The plant is comprised of three com-
bustion units capable of burning 990 tons of trash per day. In addition to building the waste-to-energy plant,
OCRRA also obtained a permit for a proposed ash landfill, as required by the NY State incinerator permit
requirements, in the town of Van Buren, NY. However, OCRRA has not built that landfill since it already has a
contract with Seneca Meadows to take the ash waste. 


Although OCRRA has been cited several times with prestigious awards regarding its performance in regulat-
ing waste management, the path towards its success has been rocky, and its future remains unsure. Throughout
OCRRA’s campaign to pass the proposal to build the waste-to-energy plant, it was faced with substantial opposi-
tion from both environmental and community groups such as Recycle First, S.E. University Neighborhood
Association, the Sierra Club, and the Atlantic States Legal Foundation to name a few. On the other hand,
OCRRA’s efforts were backed by the County Executive Nicholas Pirro, much of the traditional Syracuse political
system, the area’s trade unions, and the newspaper editors of the two major Syracuse-based papers. In addition to
these players, the plant was pushed by the major incinerator company Ogden Martin Systems, which has success-
fully built several waste-to-energy plants throughout the country. 


OCRRA clearly learned a lesson from the earlier debacles experienced by the city in its attempt to force com-
munity groups into agreement with their plans, and instead found that a compensatory method was far more suc-
cessful in getting groups to align with their efforts. The best example of OCRRA’s use of economic compensation
comes from their experiences with the site’s neighbors. At the time that the incinerator was still in the proposal
stage, there was a great deal of opposition from the immediate neighbors of the site. The suggested site was on the
edge of the town of Onondaga. The town itself has the distinction of having the highest percentage (45 percent)
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of the county’s elderly living within 3 miles of the incinerator site in a geriatric center and senior housing.
Additionally, within 8/10ths of a mile there is a trailer park, and within 4 miles there is a state-run prison. Several
of the community groups took action and protested the siting of the incinerator. In reaction, OCRRA designed a
compensation package for the town including a minimum of $200,000 per year in return for waiving any and all
rights to oppose the incinerator, while providing energy to the community at the state regulated 6 cents/kilowatt
hour price. At the same time, Ogden stepped up its relations with some of the opponents, reassuring them of the
environmental and technical soundness of the project. Their efforts were successful, as the Hospice of Central
New York, which is located in the town, presented Ogden Martin with an Award in recognition of Ogden’s Good
Neighbor policy in 1991. 


In addition to the waste-to energy plant, OCRRA also has an extensive recycling and composting program.
As the program stood in 2000, 65.3 percent of all discarded materials are recycled or composted. The composting
program is the only permitted method for yard and brush waste disposal, and ultimately produces mulch which
can be sold to various businesses. For example, the local prison system uses the mulch produced by OCRRA as a
thickener for their own food composting program. In contrast to the incineration element of the OCRRA’s pro-
gram, recycling and composting programs have enjoyed the strong support of many of the municipal and envi-
ronmental groups such as Recycle First. These groups have repeatedly argued for developing a complete
recycling/compost strategy for treating solid waste. 


A-C.3 SEMASS Resource Recovery Facility, Rochester, MA
The SEMASS Resource Recovery Facility employs a shred-and-burn waste-to-energy technology (WTE) to
process nearly 1,000,000 tons of municipal solid waste (MSW) annually. SEMASS, which is 90 percent owned by
American RE-Fuel Company of SEMASS (a joint venture formed by subsidiaries of Browning-Ferris Industries,
Duke Energy Power Services and United American Energy Corp.), opened in 1989 and has since been providing
southeastern Massachusetts communities with an alternative to landfilling. 


The facility is located in the northeast corner of Rochester, a small town with a population of 4,500 and an
area of only 39 square miles. Rochester is approximately 60 miles south of Boston, and about 10 percent of the
MSW arriving at SEMASS comes from the Boston metropolitan area. Most of the municipalities within the
SEMASS geographic area have contracted with SEMASS, serving up to 1 million people and more than 300,000
households. In addition to handling 2,700 tons per day of MSW, the facility also recovers and recycles approxi-
mately 50,000 tons of metal per year and provides enough electricity to meet the needs of more than 75,000
homes. 


SEMASS is a privately funded facility that developed the site using a market driven approach. Development
began in the late 1970’s when Energy Answers Corporation (EAC) approached the Rochester town officials
regarding developing the plant on privately-owned land. At the time, Massachusetts encouraged the development
of waste management facilities through the provision of low-interest business loans through its finance agencies.
Similarly, WTE facilities do not pay real estate tax on their buildings, or income tax. Rather, WTE facilities pay a
per ton tax. According to Massachusetts procedure, private companies were responsible for the development of
the project, while the state and local authorities provided operating permits and regulatory oversight.


Political decisions in towns similar to Rochester and its neighbors are made through the “Town Hall
Meetings” approach. All citizens are encouraged to attend meetings and vote. Energy Answers (the original devel-
oper) conducted a number of meetings with town leaders to discuss appropriate financial incentives, while at the
same time, the company held town meetings to explain the proposed technology to residents and arranged tours
of similar facilities operating in upstate New York. A close working relationship with the town and its residents
minimized NIMBY (Not In My Backyard) concerns. 


Ultimately, Energy Answers agreed to provide free waste disposal services to Rochester and $1 per ton of
waste received by the facility (with annual increases based on the CPI), in return for approval. The developer also
offers free recycling services. For both the recyclable and the MSW, the town pays for collection. All electricity
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generated by the facility is transmitted to a local utility company through private contracts. The town of
Rochester agreed, and the corporation purchased 100 acres from a private landowner. 


Energy Answers had a site for the facility and permission from the host community, but they needed a
landfill to dispose of the unburned MSW and the ash from combustion. A sugar-sand landfill, without protective
liners or monitoring systems, was located on leased land from a cranberry grower, and was under the authority of
the Tri-Town Regional Refuse Disposal District (Marrion, Whareham and Carver). Any change in operations
required approval by the district, and town legal advisors agreed that approval from all three towns was needed as
well. Although Energy Answers offered favorable waste disposal contracts, concerns about air pollution and
ground water contamination, led to the proposal’s rejection by two of the towns, Whareham and Carver. 


Forced to negotiate with the Tri-Town Regional Refuse Disposal District, Energy Answers agreed to recon-
struct the Tri-Town landfill. Separate, lined cells were constructed with monitoring systems. Ash is placed in a
double-lined cell with alarm systems and monitoring equipment, and the non-processible MSW (large items, etc.)
is disposed of separately. With the help of a chemical engineer, Whareham and Carver also convinced the com-
pany to exceed state and federal standards for stack emissions, and SEMASS has continued to stay ahead, employ-
ing the best available technologies. With the new concessions, the cities agreed to the use of the Tri-County
landfill and entered into twenty-year waste disposal contracts at $12 per ton with annual CPI increases and
“change in law” provisions. The contract continues into 2009. 


The ash has been determined to be non-hazardous. The waste does not require testing as frequently as was
required earlier. Mercury is a problem. SEMASS records data every three months for mercury. Massachusetts has
very stringent standards and SEMASS actively recycles and removes mercury at the front-end of the plant. Many
of the contracted customers have created mercury-bearing waste collection recycling programs. SEMASS has fre-
quent meetings with representatives of its municipal contract holders to help develop the plan.


SEMASS has been awarded numerous operational and environmental prizes, including the American
Academy of Environmental Engineers’ Honor Award for EAC’s ash technology. SEMASS has a campaign to clean
up paper around the facility, and spray odor-eliminator in the vicinity of the plant. This helps ensure that there
are no complaints from the nearby residents, and they can work in partnership with the local community. At the
time SEMASS started accepting waste in the 80’s, the initial tipping fees were $12/ton. Today the tipping fees
stand at almost $75/ton. In comparison, those cities that entered into long-term contracts are paying tipping fees
of only $18/ton, while the city of Rochester does not pay tipping fees at all.


SEMASS is a private enterprise that has used the market approach effectively and provided a good alternative to
landfilling of waste. They have been successful in making their waste-to-energy project a reality and are providing elec-
tricity to almost 75,000 homes. The facility also recovers and recycles approximately 50,000 tons of metal per year.


A-C.4 Solid Waste Authority Integrated Waste Management Facility, West Palm Beach, FL
The West Palm Beach Integrated Waste Management Facility is owned by the Solid Waste Authority, a division of
the County. The facility runs a Waste to Energy (WTE) facility that uses refuse to dry fuel (RDF) technology to
generate electricity from its municipal solid waste (MSW). It also manages two landfills (Class I landfill (double-
lined) where ash is dumped, and a class III landfill used for MSW), five transfer stations, a 300ton/day compost-
ing facility using wastewater sludge, a Multi-Stream Materials Recovery facility, and a ferrous-metal recovery
facility. 


The West Palm Beach site is a County owned site. In the early 1970’s, municipal and county officials formed
a county-wide Solid Waste Authority (SWA). The SWA had no money and no way of generating funds. It was
decided that three county landfills would loan the SWA $50,000 per year from their proceeds.


In 1975, the County Commissioner insisted that the SWA hire their own Executive Director and subse-
quently, Tim Hunt was appointed first Executive Director of the SWA. Hunt and a consulting firm put together a
plan for the county which included two landfills, a series of transfer stations (TS) and a waste-to-energy facility.
The county had no taxing authority and no money, so the only way to generate revenue was to get into operations. 
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In 1977, the SWA negotiated a 40 year lease on land and a contract with the city of Del Rey Beach and
Southern Sanitation guaranteeing delivery of waste from city to its transfer station. Later, the SWA acquired the
transfer station from Southern Sanitation and reengineered the transfer station site. They secured their first opera-
tion delivering 200-300 tons of waste per day. SWA also started delivering waste to the Bel Glade Landfill transfer
station. The SWA further negotiated with the County Commissioner in order to take over a landfill in Pahoke,
and began sending waste from the Bel Glade Landfill transfer station to the Pahoke Landfill.


The City Manager and Mayor of West Palm Beach decided to lease the southern portion of the city’s water
and wastewater treatment facility, a huge portion of land, for construction of the WTE facility. They were met
with stiff opposition from the local retirement community and the plan was shelved. The County Commissioner
had to intervene and find an alternative site. The site chosen was a 1,400 acre area west of the northern most
landfill in the county. The John D. MacArthur foundation owned the land and the County negotiated a purchase
agreement. The County’s WTE facility plan was opposed by the city of Riviera Beach, as well as local communi-
ties and environmental groups. 


Meanwhile, in 1982, the SWA took over landfills (and their equipment and employees) on the east coast of
the county. The SWA had become an organization with more than 60 employees owning two transfer stations
and two mega landfills. Based on their capital and revenues, the SWA issued a bond generating $43 million in
revenues. They then closed the old Pahoke and Lantana Landfills, closed out a portion of Northern Landfill,
upgraded the balance of Northern Landfill, and got the permitting to convert the site to a large integrated solid
waste management site.


The SWA, however, had no money to construct the WTE, so the SWA issued a Resource Recovery Bond
generating $320 million in funds between 1982 and 1989. The SWA sought a design and build, and operation
contract, from private companies. The contract was won by Babbcock and Wilcox and Natural Ecology.
Construction started in 1986 and the WTE came into operation in 1989, 13 years after the project was first pro-
posed.


The WTE, Multi-Stream Materials Recovery facility, and the ferrous-metal recovery facility are contracted
out by the SWA. The landfills, transfer stations and the composting facility are managed by the SWA. The SWA
has a recycling program with a community outreach program where local residents and school children are edu-
cated about the program. Recent studies showed that the community strongly approved work undertaken by the
SWA. The facility rarely receives complaints from residents and the SWA focuses strongly on issues like odor con-
trol. The facility has always been within limits prescribed by the EPA with no violations to date. Nitrogen oxides
levels are at times close to the permissible limit but SWA is looking at methods to control those emissions. The
facility has had no problems with mercury. 


Initially, the SWA charged a tipping fee to every person, residential as well as commercial, for dropping waste
in the landfill. Later, the County came up with a “special assessment plan” which subsidizes tipping fees for resi-
dential customers. Based on county-wide income, and family and waste generated data, the county charges a fixed
residential subsidized tipping rate that shows up in the taxes. Commercial customers have to pay tipping fees for
only the waste that exceeds their base waste quota. This policy has proved effective in encouraging commercial
clients to recycle their waste.
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Part B : Summary


This report is the second part of a joint study by the Earth Engineering Center and the Urban Habitat Project of
Columbia University that examined the policy and technology implications of alternatives that may be used for
managing the municipal solid wastes (MSW) of New York City (NYC). The principal means for processing MSW
are recovery of materials (by recycling), recovery of energy (by combustion), composting, bioconversion or
gasification to fuel, and landfilling. At this time, NYC DOS, after mounting a very effective campaign for several
years are recycling 0.75 million tons (paper and metal-glass-plastic streams) of the 4.5 million tons of MSW col-
lected annually. Since the closing of the Fresh Kills landfill, 3.2 million tons of the black-bag (“wet”) stream are
transported, mostly by truck, to Pennsylvania (62.1 percent), Virginia (32.4 percent) and New Jersey (5.5 per-
cent) landfills. Another 0.56 million tons of the black-bag stream go to New Jersey (97.3 percent) and New York
(2.7 percent) Waste-to-Energy power plants.


Increased rate of recycling


The rate of recycling can be increased by a) modifying the existing three-stream collection system so as to increase
the “dry” (blue-bag) stream and reduce the “wet” (black-bag) stream; and b) implementing an automated, modern
Materials Recovery Facility (MRF) that separates the blue bag stream to “recyclable”, “combustibles”, and
“landfillables”. In the first stage of implementation, these measures may increase the recycling rate from the pres-
ent 0.75 million tons to 1.2-1.5 million tons.


Landfilling vs. Waste-to-Energy


With respect to the estimated 60 percent of NYC MSW that is not recyclable under any circumstances, the only
viable technologies in the foreseeable future are landfilling and Waste-to-Energy (WTE). As noted above, both of
these technologies are already used by private firms to dispose the MSW of NYC. A thorough investigation of
these technologies has shown that WTE is environmentally preferable to landfilling on several counts:


a) WTE generates a net of 550 kWh per ton of MSW. This reduces dependence of the state on coal mining
(about 0.25 tons of coal less per ton of MSW combusted) or on oil imports (45 gallons of oil less per ton
of MSW). At this time, 36 million tons of MSW are combusted annually in U.S. WTE plants and gen-
erate electricity that reduces the use of fuel oil by 1.6 billion gallons per year.


b) The gas emissions from landfills contain methane, a gas that is 21 times more potent as a greenhouse gas
than carbon dioxide. Thus, including the advantage of electricity production from the combustion of
MSW, the landfill greenhouse gases are several times greater than for WTE. With regard to other emis-
sions, such as mercury and dioxins, this report documents the progress that the U.S. WTE industry has
made in this sector towards the end of the 20th century. At this time, all modern WTE plants are
equipped with advanced gas control systems, such as dry scrubbing, activated carbon injection and bag
filters, that are superior to the gas handling systems of most coal-fired power plants.


c) In modern landfills, during the life of the landfill and for a mandated period after that, the generated
aqueous effluents are collected and treated chemically. However, reactions within the landfill can con-
tinue for decades and centuries after closure. Thus, there is potential for future contamination of adja-
cent waters.


d) WTE recovers ferrous and non-ferrous metals, thus conserving natural resources. 
e) Landfilling practically condemns for any future use a large amount of land per ton of MSW disposed. A


rough estimate for the direct use of land for landfilling the present amount of NYC MSW is about 90 acres
per year. Of course, a much larger surface area is required between landfills and inhabited areas or parks.


Life after Fresh Kills: Policy, Technical, and Environmental Considerations.
Earth Engineering Center and Urban Habitat Project, Columbia University, November 2001







f ) A modern WTE plant for processing the NYC MSW should be at a location to which NYC MSW can
be transported by covered barge or railcar. The present transport of MSW to out of-state landfills
requires an estimated 10 million gallons of fuel per year and results in additional gas emissions.


In recognition of the above factors, some other developed nations, like France and Germany, have phased out
the use of landfills, except for the disposal of inorganic materials (e.g. ash) that cannot be recycled or combusted.
From an economic point of view, landfilling is at present less costly in the U.S. because land is inexpensive.
However, “tipping” fees depend on current environmental regulations and also on the distance over which MSW
must be transported. For New York City, in the last few decades tipping fees have increased manifold to the pres-
ent rate of $70/ton. They are bound to increase further as landfills come under further public and state scrutiny. 


On the basis of the above considerations, there are technical and environmental arguments that support the
diversion of MSW from landfills to WTE plants. In summary, the results of this study indicate that the modern
MRF and WTE technologies should be considered as tools of integrated waste management and offer various
technical and environmental advantages over landfilling. Of course, any future determinations need to balance
both technical and broader policy considerations.
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B-1 Introduction


Economic development and prosperity are accompanied by the generation of large amounts of wastes that must
be re-used in some way, or disposed in landfills. The generation of wastes can be reduced to some extent by
improved design of products and packaging materials and by increasing the intensity of service per unit mass of
material. However, even after such measures are taken, there remains a large amount of solid wastes to be dealt
with.


Solid wastes can be classified into various categories. The broadest classification is in municipal (residential
and commercial), industrial, construction, and demolition wastes. The municipal solid wastes (MSW) are the
most non-homogeneous since they consist of the residues of nearly all materials used by humanity: Food and
other organic wastes, papers, plastics, fabrics, leather, metals, glass and other inorganic materials. Everything wears
out eventually and then becomes MSW or is discarded on land or water. All tonnage are reported in U.S. tons
(2,000 lb.; 1.1 short tons= 1 metric ton) 


B-2 Integrated Waste Management of MSW


Next to the production of cement, municipal solid wastes represent the largest mass of solids generated in the
U.S. Integrated Waste Management (IWM) requires that MSW be separated into a number of streams, which are
then subjected to the most appropriate method of resource recovery. The separation of MSW components can
take place at the source, i.e. households or businesses, or at Materials Recovery Facilities (MRFs) where manual
and electromechanical methods are used. The principal means for managing MSW are:


• Recovery of materials: Recovered paper, plastics, metals, and glass can be recycled to produce similar materials.


• Recovery of energy: Recoverable energy is stored in chemical form in all MSW materials that contain natural
or man-made organic carbon; this includes everything except metals, glass, and other inorganic materials
(ceramics, plaster, etc.). The combustion of organic compounds generates electricity and steam.


• Bioconversion: The natural organic components of MSW (food and plant wastes, paper, etc.) can be com-
posted aerobically (i.e., in the presence of air) to generate carbon dioxide, water, and a compost product
that can be used as soil conditioner. On the other hand, anaerobic digestion or fermentation (i.e. in the
absence of air) produces methane or alcohol and a compost product; this method provides an alternate
route for recovering some of the chemical energy stored in the organic fraction of MSW.


• Landfilling: A small fraction of MSW that cannot be subjected to materials or energy recovery, plus any
residuals from recycling or combustion (e.g., ash) must be disposed in properly designed landfills.


B-3 Means of Disposal of MSW in the U.S.


The present rate of generation of MSW in the U.S. is estimated at about 220 million tons, i.e. about 0.8 tons per
capita. The Council for Environmental Quality (1997) reported that of the 210 million tons of MSW generated
in 1996, 22 percent was collected in the form of recyclable (paper, plastics, metals, glass), 5.4 percent was com-
posted, 17.2 percent was combusted and 55.4 percent (117 million metric tons) was landfilled (Table 1). It is
interesting to note that in the period from 1980-1996, the fractions of MSW recycled or combusted nearly dou-
bled; and the fraction of materials composted (consisting mostly of yard wastes) increased to 5.4 percent of the
total MSW. Landfilling remains the principal mode of MSW disposal in the U.S. although it has been phased out
in countries like France and Japan that place a high value on land use and environmental quality.
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Table B-1 Means of disposal of MSW in the U.S.A (Council for Environmental. Quality, 1997)


1980 1990 1996


MILLION TONS* % OF TOTAL MILLION TONS* % OF TOTAL MILLION TONS* % OF TOTAL


Gross discards 151.64 205.21 209.66


Recycling 14.52 9.6 29.38 14.3 46.01 21.9


Composting <0.5 0.0 4.2 2.0 11.32 5.4


Combustion 13.7 9.0 31.9 15.5 36.09 17.2


Landfilling 123.42 81.4 139.73 68.1 116.24 55.4


*In U.S. tons; for metric tons, divide by 1.1.


The MSW composition varies amongst communities, and even within one community from year to year, but
the overall differences are not substantial. Table 2 compares the major components in the “typical” U.S. composi-
tion of MSW (Tchobanoglous, 1993; EPA, 1997) with the composition of the New York City waste stream (SCS
Engineers, 1992). 


Table B-2 Comparison of constitution of U.S. and NYC MSW 


“Typical” U.S. MSW “Typical” U.S. MSW New York City MSW


(1) (2) (3)


Paper 34.0 33.7 26.6


Cardboard 6.0 5.5 4.7


Plastics 7.0 9.1 8.9


Textiles 2.0 3.6 4.7


Rubber, Leather, “Other” 1.0 2.9 0.2


Wood 2.0 7.2 2.2


Yard Wastes 2.0 14.0 4.1


Food Wastes (mixed) 9.0 9.0 12.7


Glass and metals 17.5 13.1 16.4*


(1) Tchobanoglous, et al. ,1993.; (2) EPA 530-S-97-015. 1997; (3) SCS Engineers, 1992.


*on assumption that 2/3 of weight of NYC "bulk items" is metal


B-4 Composition of New York City MSW


The composition of the NYC MSW was studied in great detail by the Department of Sanitation of New York
City in 1990 (NYC DOS; SCE Engineers 1992). 
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Table B-3 Detailed Characterization of New York City MSW


WASTE COMPONENT % WEIGHT*


Paper (31.3%)


Corrugated Cardboard 4.7


Newspapers 9.2


All other paper 17.4


Plastics (8.9%)


HDPE (clear & color) 1.1


Films and Bags 4.8


PET 0.5


Polypropylene, polystyrene 0.9


PVC 0.1


All other plastics 1.4


Wood 2.2


Textiles 4.7


Rubber & Leather 0.2


Fines 2.3


Other Combustibles 2.3


Food Waste 12.7


Grass/Leaves 3.4


Brush/prunings/stumps 0.7


Disposable Diapers 3.4


Miscellaneous Organics 7.8


Glass 5.0


Clear Glass Containers 2.9


All other glass 2.1


Aluminum 0.9


Ferrous Metal 3.9


Hazardous Waste 0.4


Bulk Items (appliances, furniture, etc) 9.9


* Adapted from: SCS Engineers, 1992, by Brady 2000
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Table 3 shows that the largest constituent of MSW is paper. Other low-moisture combustible materials are plas-
tics, textiles, rubber, leather, and wood. These materials can be called “dry combustibles”, in distinction to the
“wet combustibles” of food, yard and other wastes that contain 50-70 percent water. The “non-combustible”
wastes of Table 3 are metal, glass and other inorganic compounds that have no heating value. Hazardous wastes,
such as paints, oils, and chemicals constitute only 0.4 percent of the total waste stream and must be handled sepa-
rately. Large items such as appliances and furniture can be broken down to recyclable metal or combustible wood
scrap. 


B-5 Current Disposition of NYC MSW


As described in detail in the report of New York City’s Department of Sanitation (NYC DOS) Comprehensive
Waste Management Plan, New York City has shifted in recent years from disposing all of its MSW at the Fresh
Kills landfill in Staten Island to exporting it to out-of-state landfills and to Waste-to-Energy (WTE) plants,
through facilities owned and managed by private companies. At the present time, NYC DOS collects three
streams, separated at the household level: “Paper” (green bags), “metal-glass-plastics” (MGP, blue bags) and “trash”
(black bags). As of the beginning of 2001, the City’s MSW of 4.5 million tons per year is collected by 10-ton san-
itation trucks and is disposed as follows:


a) NYC DOS (2001) reports that 750,000 tons of recyclable materials are collected in two streams: A paper
stream consisting of mixed paper, newspapers, magazines, phone books, and corrugated cardboard; and a
metal, glass, and plastic (MGP) stream. There has been a 6 percent annual growth in recycling from the
638,000 tons of paper and MPG collected in 1998. These materials are delivered to private processing
facilities located primarily within the city. The paper stream represents about 60 percent of the municipal
recyclable collected and is contracted to six private companies: Visy Paper receiving materials from
Manhattan and Staten Island; Pacific Forest Resources and Paper Fibre Corporation receiving materials
from Bronx and Queens; Potential Industries and Rapid Recycling Paper Corporation receiving materials
from Queens and Brooklyn; and A&R Lobosco receiving materials from Queens Processing of the MGP
stream is contracted to A&R Lobosco, BFI of New York, Waste Management of NY, and Hunts Point
Recycling (Dubanowitz 2000).


b) 287,000 tons of Bronx “black bag” waste (“trash”) is transported by rail via Albany to Virginia landfills
and an equal amount (286,900) by truck to Pennsylvania landfills.


c) 969,000 tons of Queens black bag waste is transported to Pennsylvania landfills and 15,000 tons to the
Hempstead, NY, Waste-to-Energy plant. 


d) 544,000 tons of Manhattan waste is transported by NYC DOS to a TransRiver Marketing facility in
Newark, New Jersey, and then processed in the Essex County WTE plant; another 178,000 tons goes to
New Jersey landfills. 


e) 392,600 tons of Brooklyn waste is transported to Pennsylvania landfills and another 755,000 goes to
Virginia landfills.


Table 4 shows that the NYC generation of “black bag” waste amounts to 0.47 tons per capita. Adding the
recycled wastes of 750,000 tons per year (i.e. 0.09 per capita) brings the per capita figure to 0.56 tons which is
lower than the U.S. average of 0.8 tons. The difference is due to the fact that part of NYC’s solid wastes is col-
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lected by private carter’s (“commercial” waste). In the conduct of this study, it was not possible to determine the
amounts of solid wastes that are collected by the private carter’s who take care of the commercial and institutional
sectors. However, the NYC Department of Sanitation reported that as of June 1999 it collected 13,000 tons per
day of MSW and the commercial sector collected an equal amount. On the basis of this estimate
(www.ci.nyc.ny.us/html/dos/html/dosfact.html), NYC in total generates 


0.47 (DOS, black bag) + 0.09 (DOS, recycled) + 0.47 (commercial) = 1.03 tons per capita, which is higher than
the national average (0.8 tons per capita), as would be expected from a major center of business activity and
tourism. 


Table 4 also compares the tonnage of “black bag” MSW collected by NYC DOS in the five boroughs with
their respective population. Brooklyn and Manhattan generated 0.47 tons per capita, Bronx 0.43, Queens 0.4,
and Staten Island 0.78 tons per capita. A possible explanation is that there is less collection of commercial solid
wastes by private carter’s on Staten Island and most of the solid wastes is collected by NYC DOS. 


Table B-4 Population and collection of MSW in five boroughs of NYC
(Population data: www.census.gov; MSW generation data: NYC DOS 2001)


BOROUGH POPULATION COLLECTED “BLACK BAG” MSW, TONS TONS OF MSW PER CAPITA


Bronx 1,332,650 573,800 0.43


Brooklyn 2,465,326 1,147,600 0.47


Manhattan 1,537,195 721,780 0.47


Queens 2,229,379 984,520 0.44


Staten Island 443,728 347,300 0.78


NYC, DOS “black bag” 8,008,278 3,775,000 0.47


NYC, DOS recycled 8,008,278 750,000 0.09


NYC, DOS total MSW 8,008,278 4,525,000 0.56


NYC, commercial waste* 8,008,278 3,775,000 0.47


NYC, total MSW 1.03


*(www.ci.nyc.ny.us/html/dos/html/dosfact.html)


To summarize the current situation, NYC DOS collects 4.5 million tons of MSW. The recycled stream (0.75
million tons) represents 16.6 percent of the total MSW and corresponds to 20 percent of the black bag (“trash”)
stream (3.8 million tons). Since the closing of the Fresh Kills landfill, 3.24 million tons of the black bag waste is
transported (7.6  percent by rail, 92.4 percent by truck) to other states for landfilling: 62.1 percent to
Pennsylvania, 32.4 percent to Virginia, 5.5 percent to New Jersey; landfilling represents 71 percent of the total
NYC MSW. The remaining 0.56 million tons of black bag waste collected by NYC DOS, representing 12.4 per-
cent of the total NYC MSW, is combusted in NJ (97.3 percent) and NY (2.7 percent) Waste-to-Energy (WTE)
power plants. 
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B-6 Out-of-State Transportation of MSW


Prior to the closing the Fresh Kills landfill, the NYC DOS sanitation trucks collected the black-bag MSW and
traveled relatively short distances within the City to unload at marine transfer terminals; the only exception were
Staten Island trucks that unloaded at Fresh Kills. From there, the MSW was transported by barges to the Fresh
Kills landfill in Staten Island. Since the closing of Fresh Kills, six of the thirteen transfer stations are located out-
side New York City and the DOS trucks must travel distances up to thirty-seven miles to unload. It has been esti-
mated (Lipton 2001) that at least 550 trucks cross to New Jersey each working day: 300 over the George
Washington Bridge, 130 through the Lincoln Tunnel, 50 through the Holland Tunnel, and 70 over the Goethals
Bridge. However, since 11,500 tons of waste per day are transferred to NJ by truck, it is more likely that the
number of daily trips by 10-ton trucks is close to 1,000. 


From the New Jersey transfer stations (Newark, Jersey City, Paterson, Totowa and Elizabeth), the NYC waste
is transported to Pennsylvania and Virginia landfills by means of 20-ton tractor trailers. Figure 1 shows the pres-
ent flow of MSW from the five boroughs of New York City to the final deposition of these materials. The total
miles traveled by the NYC DOS 10-ton trucks crossing to NJ (assumed average of 40 miles per round trip) are
estimated at 40,000 miles per working day. The miles traveled by the estimated 450 daily trips of the 20-ton
trucks (average of 300 miles per round trip), are estimated at 135,000 miles. Wang et al (2000) have estimated a
fuel consumption of 4 to 6 miles/gallon for various types of heavy trucks. Assuming a consumption of 6
miles/gallon for the 10-ton trucks and 5 miles/gallon for the 20-ton trucks, results in an overall fuel consumption
of 33,700 gallons for the 9,000 tons of MSW transported daily to Pennsylvania and Virginia landfills.
Accordingly, the fuel consumption for transporting NYC MSW to other states by truck is estimated at 3.7 gallons
per ton of MSW or 10.2 million gallons per year.


Life after Fresh Kills: Policy, Technical, and Environmental Considerations.
Earth Engineering Center and Urban Habitat Project, Columbia University, November 2001


B-6







Figure B-1. Collection and disposition of non-recyclable MSW from the five boroughs of NYC (all figures in tons 
collected per NYC DOS working day; 302 days per year)


B-7 Ideal Disposition of NYC MSW Materials According 
to Properties and Inherent Value 


As noted earlier, MSW consists of many materials with entirely different properties. Under ideal circumstances of
sorting, processing, and recycling, these materials should go to different destinations. For example, metals and
glass are not combustible or compostable; also, they have some residual value and should not be landfilled; there-
fore, “recycling” would be the most appropriate route for such materials. Also, a certain fraction of plastic materi-
als, such as PET and PE can be readily identified and recycled. The non-recyclable plastics contain a useful
heating value, close to that of fossil fuels; therefore, the best route for such materials is combustion in a properly
designed power plant to generate electricity and steam. Finally, the only materials to be landfilled are inorganic
compounds such as a small fraction of non-recyclable glass and ashes from the WTE power plants.


Table 5 shows how the NYC MSW may be classified under the four categories of “recyclable”, “combustible”,
“compostable”, and “landfillable”, on the basis of available and foreseeable technologies for packaging materials,


Life after Fresh Kills: Policy, Technical, and Environmental Considerations.
Earth Engineering Center and Urban Habitat Project, Columbia University, November 2001


B-7


950 tpd tp Pennsylvania


3210 tpd tp Pennsylvania


950 tpd by rail to Waverly, 
VA via Albany


50 tpd to Hempstead
WTE


1800 tpd to Essex County
WTE


590 tpd tp New Jersey


1300 tpd tp Pennsylvania


2500 tpd tp Charles City, VA


1150 tpd tp Pennsylvania


MANHAT TAN 
(2390 tpd)


BROOKLYN 
(3800 tpd)


STATEN ISLAND 
(1150 tpd)


QUEENS 
(3260 tpd)


BRONX 
(1900 tpd)







waste collection and sorting. However, the ideal situation outlined in Table 5 is not easily realizable because of
social, economic and market factors. For example, New York City citizens are already asked to separate three
streams: Paper, plastic, metal and glass (PMG) and trash (black bags). One way to attain “ideal disposition” is to
institute a fourth collection stream of food and plant wastes (“wet stream”). Yet, despite an intensive campaign by
the Recycling Bureau of NYS DOS, some areas of NYC are not doing as well with paper and MPG separation as
others; that is one reason why the present rate of city-wide recycling is less than one half of the projected maxi-
mum (Table 5). Adding one more stream might not go well with the citizenry. Also, the cost of collection is a
major item in MSW management: As of 1999, it cost NYC DOS about $114 to collect one ton of MSW
(Dubanowitz 2000); adding a fourth stream would increase the cost of collection considerably. 


Table 5 also shows that the maximum “compostable” fraction is 19 percent. However, in addition to the need
for instituting a “wet-dry” collection system in New York City (see following section), composting of the “wet”
fraction will require the development of a regional market for nearly 0.5 million tons of compost product. In the
absence of a “wet-dry” system of collection, the compostable fraction will remain commingled with the other
materials in the black bag stream. Under these circumstances, the two alternatives for the black bag stream are
combustion or landfilling. 


Table 5 shows that under the “ideal” case, only 5.5 percent of the NYC MSW needs to be landfilled, vs. the
present 71 percent. The following sections will discuss the possibilities for bringing the actual case closer to the
ideal one. 


Table B-5 Classification of NYC MSW by most appropriate method of disposal
(in thousands of tons/year; total: 4.525 million tons; numbers in parenthesis show the assumed 
maximum  percent recyclable for each material)


COLLECTED RECYCLABLE COMBUSTIBLE COMPOSTABLE LANDFILLABLE*


Cardboard (90%) 229 206 23 2


Newsprint (90%) 446 401 43 5


All other paper (50%) 869 434 414 41


Plastic bags/film (50%) 252 126 229 23


All other plastics (50%) 193 97 78 8


Wood, textiles, leather, rubber (20%) 608 122 513 51


Food and plant wastes (0%) 879 879 80


Disposable diapers (0%) 178 161 17


Miscellan. Organics (0%) 409 372 38


Glass (90%) 234 210 24


Aluminum scrap (100%) 42 42


Ferrous scrap (100%) 185 185


Total: 4,525 1,824 1,799 879 247


Fraction of NYC MSW 100.0% 40.3% 39.7% 19.4% 5.5%


*Landfillable is assumed to consist of 10% ash from all combustible streams and 10% of non-recyclable glass
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B-8 Potential for Increased Recycling in NYC


In recent years, the Bureau of Waste Prevention, Reuse and Recycling of NYC DOS has conducted a very effec-
tive campaign to increase the fraction of MSW recycled to the current level of 750,000 tons per year. The paper
stream (“green bag”) goes to privately owned materials recovery facilities (MRF) where newsprint and cardboard
are separated manually and recycled. The residue is mostly landfilled. The metal-glass-plastic (MGP) stream goes
to other MRFs where about two-thirds of these materials are sorted and recycled and the residue is landfilled.
These materials are presently sorted mostly by hand, baled and shipped to various plants as raw materials for
manufacturing and processing. Table 6 is based on 1998 NYC DOS recycling data (Dubanowitz 2000) and the
constitution of the total NYC MSW as determined by SCS Engineers (1992). High percentages for collection are
indicative of the ease of collection. It can be seen that the recovery of materials from the MPG stream in the pres-
ent MRFs is only 70 percent; the residue has to be landfilled.


Table B-6 1998 recycling rate of paper, metal, plastics and glass (in short tons per year)


MSW GENERATED TOTAL GENERATED* COLLECTED BY % OF MSW MRF RESIDUE % OF COLLECTED
NYC DOS** COLLECTED BY MATERIALS THAT


NYC DOS WERE RECYCLED


Newsprint 358,000 249,000 69.6%


Cardboard 183,000 82,600 45.1%


Other paper 677,000 25,100 3.7%


“Paper” residue 21,800


Total "Paper" stream 1,218,000 378,500 31.1% 21,800 94.2%


Aluminum metal 35,000 1,700 4.9%


Ferrous metal 152,000 52,400 34.5%


Total glass 195,000 93,800 48.1%


Total plastic 346,000 15,500 4.5%


“MGP” unsold mat’l 15,200


“MGP” residue 79,800


Total “MGP" stream 728,000 258,400 35.5% 79,800 69.1%


* SCS Engineers (1992); ** 1998 NYC DOS data; Dubanowitz (2000)


B-8.1 A Modern Materials Recovery Facility for NYC
In the summer of 1999, the NYC Recycling Bureau initiated an investigation of the technical and economic
aspects of an automated modern MRF. A MRF separates, processes and stores solid wastes for later use as raw
materials for remanufacturing and reprocessing. Its main function is to maximize the yield of recyclable materials
that will generate the highest possible revenues in the market. An additional advantage of an automated modern
MRF is that it can reduce the number of streams that are collected separately at the source; for instance it is possi-
ble to collect a single stream of paper and MPG at the household level and do all separations at the MRF. 


It has been shown at other communities that by collecting all recyclable wastes together at the source, the
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cost of collection decreases and a higher fraction of materials is diverted from “trash” to the recycled stream. For
instance, Barlaz et al (1995) reported that city-wide collection of recyclable in Los Angeles increased by 140 per-
cent when the two-stream collection was changed to a single-stream with subsequent separation at a MRF; fur-
thermore, the change to the single stream reduced collection costs for the city by about 25 percent. However, the
overall rate of L.A. residues is estimated at about 30 percent vs. the average rate of NYC residue of less than 10
percent; this indicates that some of the material collected in L.A. is not recyclable


A critical issue in the design of a MRF is the choice between electromechanical and manual separation tech-
niques. Older, traditional MRFs, such as those used presently by private contractors in NYC, rely heavily on man-
ual sorting and are very labor-intensive (Tables 7 and 8). Of course, there are trade-offs between operating and
capital costs but, generally, automated processes are more cost effective (Dubanowitz 2000). In addition to
improved economics, automated sorting reduces health and safety risks to workers. Furthermore, machines can
usually be retrofitted to target new materials, thus increasing material yields as new markets for recycled products
develop.


Table B-7 Manual Sorting Rates and Efficiencies (Peer 1991)


MATERIAL UNIT DENSITY SORTING RATE SORTING RATE RECOVERY
(CONTAINERS/TON) (CONTAINERS/ ( TONS/HOUR/PERSON) EFFICIENCY (%)


HOUR/PERSON)


Newspaper – – 0.75 – 5 60 – 95


Corrugated – – 0.75 – 5 60 – 95


Glass (mixed) 3,000 – 6,000 1,800 – 3,600 0.45 – 0.9 70 – 95


Glass (by color) 3,000 – 6,000 900 – 1,800 0.45 – 0.9 80 – 95


Plastic (PET, HDPE) 9,000 – 18,000 1,800 – 3,600 0.15 – 0.3 80 – 95


Aluminum (from plastic) 45,000 – 54,000 1,800 – 3,600 0.05 – 0.06 80 – 95


Table B-8 Automated Sorting Rates and Efficiencies (Peer 1991)


SYSTEM TARGETED MATERIALS SORTING RATE ( TONS/HR) REMOVAL EFFICIENCY (%)


Glass Separation 3/8" to 2" Clear, Brown, 5.0 > 95
(MSS ColorSort) Green, Blue, and Yellow glass


Plastic Separation PVC, Clear PET, Colored PET 2.5 99 – PVC
(MSS BottleSort) Natural HDPE, Mixed Color 90 – other resins


HDPE, PP, and PS (up to 7 colors)


As illustrated in Figure 2, a state-of-the-art MRF includes a series of separation processes:


• A tipping floor where mixed recyclable are unloaded from trucks onto conveyor belts and large items are
removed.


• A pre-sort area where manual workers can remove hazardous and non-recyclable materials. Hazardous
materials require appropriate treatment. Non-recyclable materials are deposited on a conveyor leading to a
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collection bin for combustible material.


• Screening operations, such as trommels, to remove small-size contaminants (dirt, small pieces of glass, etc.).
These materials have little heating value and are conveyed to a holding area for landfillable materials.


• Central sorting machines, such as inclined sorting tables, that separate paper and containers based on den-
sity. 


• Electromagnets to remove ferrous metals.


• “Air knife” or “chain curtain” to separate glass containers from aluminum and plastic. 


• Optical glass sorting system, as implemented in Newark, NJ, glass recycling facility, to separate glass by color.


• Eddy current separator to remove aluminum materials.


• Manual plastic sorting station. Recyclable plastics are positively sorted; all others are conveyed to holding
area for combustible materials.


• Screening mechanism to separate small paper items from newspaper and large cardboard pieces. 


• Manual paper sorting station. Recyclable papers are sorted out; all others are conveyed to holding area for
combustible materials.


• Balers to compact recyclable materials.


• Storage areas for recyclable, combustible, and landfill materials.


• Shipping dock for removal of end products.


The non-recyclable, combustible residues of this MRF would go to a Waste-to-Energy plant of the type
described in detail later. The non-recyclable, non-combustible residues of the MRF would go to a landfill.
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B-8.2 Economic Benefits of a NYC Modern MRF
Dubanowitz (2000) presented detailed estimates of the projected cost and revenues of a proposed MRF. It was
estimated that a facility with capacity of 150 tons per hour (two-shift operation, 302 days per year, 0.725 million
tons of recyclable per year) would require approximately 16 acres (684,000 square feet) and, including a 10 per-
cent contingency, would cost $ 60 million; the corresponding annual capital charges (20-year, 10 percent interest)
were estimated at $6.5 million. The site lease costs were $2 million and the annual operating and maintenance
costs were projected at $7 million. Therefore the total annual capital and operating charges were $13.6 million or
$18.7 per ton of recyclable.


Figure B-2. Schematic diagram of modern NYC MRF of 150 tons per hour capacity (Dubanowitz 2000)


Dubanowitz estimated that the yield of salable products from this MRF would be 86 percent of the feed
material, the average value of the salable products $36/ton, and the material revenues of the 0.725 million-ton
plant $22 million. However, since the City in 1999 paid private MRF operators disposal costs of up to $50 per
ton of recyclable, the modern MRF proposed by Dubanowitz (2000) would have a payback period of a few years,
even if the MRF salable products were to be given away. It would appear that this option should be examined fur-
ther by NYC.


B-8.3 Collection of “Paper,”“Dry” and “Wet” Streams
If an automated modern MRF were to be implemented in NYC, it would make sense to modify slightly the pres-
ent three-stream collection system to the following three-stream system: 
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a) Keep the present “paper” stream as is but limit it to the types of paper (newsprint, corrugated cardboard,
etc.) that under the MRF processing result in very high recovery (96 percent). Since mixed paper has a
very low yield, it would not be included in this stream. The rest of the “paper” stream would continue to
be collected and processed through private contractors as at present. This stream is estimated at about
380,000 tons per year of newsprint paper and 120,000 tons of corrugated cardboard, i.e., a total of 0.5
million tons. It would continue to go to the present processors like Visy with whom the City has long
term contracts. 


b) Collect a second stream, called “dry”, that will include all other materials except food, plant wastes, dis-
posable diapers, and miscellaneous organics. In effect this stream would be similar to the present metal-
glass-plastic (MGP) stream but would also include any kind of paper, plastic, metal and other “non-wet”
solid. This stream would be destined to the new MRF proposed above. In the projected first phase (150
ton/hour MRF, Dubanowitz 2000), this stream would be 0.7-1 million tons per year (depending on two-
shift or three-shift operation). However, if the Waste-to-Energy (WTE) option discussed in Section 12 (1
million tons per year) were to be pursued simultaneously, the dry stream would supply feed material
both to the new MRF (0.7-1. million tons) and also to the WTE plant (1 million tons), thereby divert-
ing from landfills 1.7-2 million tons per year. As shown in Table 5, and assuming no change in the cur-
rent rate of MSW generation, the “dry” stream could increase up to 2.6 million tons per year (i.e.,
everything in the NYC MSW except the “paper” stream, food and yard wastes, disposable diapers and
miscellaneous organics).


c) The third stream, called “wet”, would in effect be similar to the present black bag stream, except it would
contain much less paper, metal, plastic, glass, and other dry materials, since most of these would go with
the “dry” stream. The “wet” stream would go to landfills or to Waste-to-Energy plants, until such time
that the composting options and markets are developed (see next section on Bioconversion). As shown in
Table 5, the minimum size of this stream would be 1.4 million tons (food and yard wastes, disposable
diapers, miscellaneous organics). 


The proposed separation of “wet” from “dry” materials would help all facets of waste management. The odors
and liquids associated with “garbage” are due to the putrescible organic components of food and plant wastes in
the “wet” stream. These materials are less than 20 percent of the total MSW; yet they contaminate and complicate
the transport, transfer and processing of the rest of the MSW. Therefore, it is generally preferable to separate the
“wet and “dry” components at the source. This is already done at some forward-looking communities in Canada
(Guelph, 2000; Halifax, 2000), Australia (Wollongong, NSW 2000), and elsewhere
(www.columbia.edu/cu/earth). It is interesting to note that the citizens of New York City were also separating
“wet” from “dry” in the first part of the 20th century and recovered useful products from both streams. However,
this system was made uneconomic by the creation of the giant Fresh Kills landfill on Staten Island. 


B-9 Bioconversion of “Wet” Stream to Natural Gas or Ethanol


In addition to combustion or aerobic composting of the food/plant wastes fraction of the MSW to a compost
material, or combustion, there is a third option of converting it anaerobically in a bioreactor to methane gas and a
compost material. This option was examined in great detail by the Earth Engineering Center and was the subject
of two Master of Science theses (Bernreuter 2000, Verma 2002). Also, EEC contacted Valorga, one of the major
companies operating this technology in Germany and France and visited an operating facility in Freiburg,
Germany (www.columbia.edu/cu/earth)


The quantity of natural gas generated during anaerobic decomposition can be determined by considering the
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simplified molecular formula of organic waste discussed in a later section of this report and assuming that the
anaerobic biodecomposition reaction proceeds as follows:


(C6H10O4)x + 1.5H2O = (C6H10O4)x -1 + 3.25CH4 + 2.75CO2 (1)


According to the above chemical equation, the product gas contains about 54 percent methane and 46 percent
carbon dioxide. If it is assumed that the (C6H10O4)x component is 50 percent by weight of the “wet” stream, the
maximum amount of natural gas that can be produced from the “wet” fraction of the MSW is calculated from
Equation (1) to be 8,600 standard cubic feet per short ton of food/plant wastes (268 standard cubic meters per
metric ton). However, in the Valorga process, the biodecomposition reaction is stopped at about 75 percent com-
pletion. 


Although composting the organic fraction of New York City MSW would divert nearly 0.9 million tons of
the city’s waste from landfills (Table 5), there is currently no regional capacity available for composting this
amount of material. Composting facilities often encounter stringent regulatory barriers, especially when process-
ing food waste, and collection and transportation of the wet, heavy, putrescible organic fraction poses a significant
problem to the waste management system already in place. The introduction of composting into New York City’s
waste management system will be a slow process. However, if a “wet-dry” source separation system were imple-
mented, it would increase greatly the amounts of potentially compostable materials. The “wet” organic fraction
could be landfilled until the waste-to-energy and recycling capacities of the city are well-established. 


There are two obstacles to near-term implementation of bioconversion technologies for processing the NYC
wastes, either to methane gas or to alcohol: a) Such technologies have not been implemented on a large scale in
the U.S.; b) they would require a sizable market (estimated at 0.5 million tons) for the compost product; c) they
are bound to meet with siting challenges. 


B-10 Generation of Electricity by Combustion of MSW


Nearly all MSW materials, with the exception of inorganic materials such as glass and metals, contain chemical
energy that is released during combustion. For example, plastics contain the same heating value, kilogram per
kilogram, as fuel oil. Table 9 shows the "proximate analysis" of the combustible materials (percent moisture,
volatile matter, fixed carbon, and non-combustible “ash”) and also their experimentally determined heats of com-
bustion.


B-10.1 Chemical Characterization of Combustible Fraction of MSW
Table 9 shows that wood has nearly the same heating value per unit mass as paper, while yard and food wastes
contain less energy because of their high moisture content. For example, food wastes contain about 70 percent
moisture and their calorific value is only 5350 kJ/kg (2300 BTU/lb). Thus, high-moisture food wastes contain
enough heat to burn “autogenously” (i.e. without fuel addition) but cannot generate much electricity.


The chemical thermodynamics of the MSW combustion reaction can be modeled by representing the com-
posite combustible MSW by an established organic compound. On the basis of the composition data for the
“typical” U.S. MSW by Tchobanoglous (1993), and the atomic weights of the respective elements, Themelis and
Kim (2002) calculated the molecular formula corresponding to each of the combustible components of MSW:


Mixed paper: C6H9.6O4.6N0.036S0.01


Mixed plastics: C6H8.6O1.7


Mixed food wastes: C6H9.6O3.5N0.28S0.2


Yard wastes: C6H9.2O3.8N0.01S0.04
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Table B-9 Proximate Analysis of Components of MSW (% weight)*


MOISTURE VOLATILE FIXED NON- KJ/KG
MATTER CARBON COMBUSTIBLE AS COLLECTED


“Dry” Combustibles


Paper 10.2 75.9 8.4 5.4 15814


Cardboard 5.2 77.5 12.3 5.0 16380


Mixed Plastics 2.0 95.8 2.0 2.0 32800


Textiles 10.0 66.0 17.5 6.5 17445


Rubber 1.2 83.9 4.9 9.9 25330


Leather 10.0 68.5 12.5 9.0 18515


Wood 20.0 68.1 11.3 0.6 15445


NYC mix of “dry”
combustibles** 18470


“Wet” Combustibles


Yard Wastes 60.0 30.0 9.5 0.5 6050


Food Wastes 70.0 21.4 3.6 5.0 5350


NYC mixed
“dry” and “wet” 21 52 7 20 11630


*Adapted from data in Tchobanoglous et al., 1993, by Brady 2000


The same authors showed that the molecular formula C6H10O4 most closely approximated the mix of
organic wastes in MSW. This formula corresponds to that of at least ten organic compounds, such as adipic acid,
ethylene glycol diacetate, and others. The heat of formation of most of these C6H10O4 compounds is about -962
kJ/mol (Roinen, 1999). Representing the NYC dry stream by the C6H10O4 formula results in the following com-
bustion equation:


C6H10O4 + 6.5O2 = 6CO2 + 5H2O (1)


This reaction is highly exothermic and at the combustion temperature of 1000oC generates about 27000
kJ/mol. Since the molecular weight of C6H10O4 is 146, the “theoretical” heat of reaction (i.e. in the absence of
inert or moisture) per unit mass of MSW is calculated to be 18400 kJ/kg (7900 BTU/lb). Similarly, if the MSW
combustibles are simulated by the less oxidized compound C6H10O3, the combustion reaction is:


C6H10O3 + 7O2 = 6CO2 + 5H2O (2)


and the "theoretical" heat generated 23000 kJ/kg (9900 BTU/lb). A computation by Brady (2000) of the molecu-
lar formula of NYC wastes resulted in the hypothetical compound C6H9.3O3.5 that lies between the two organic
compounds shown above (Table 10). 
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Table B-10 Ultimate Analysis of Dry Stream before Materials Recovery (Brady 2000)


COMPONENT OF % IN NYC WEIGHT OF % BY WEIGHT**
WASTE STREAM COMP. ( TPD) CARBON HYDROGEN OXYGEN NITROGEN SULFUR


Paper 26.6 3458 43.5 6.0 44.0 0.3 0.2


Cardboard 4.7 611 44.0 5.9 44.6 0.3 0.2


Plastics 8.9 1157 60.0 7.2 22.8 – –


Textiles 4.7 611 55.0 6.6 31.2 4.6 0.2


Rubber & Leather 0.2 26 69.0 9.0 5.8 6.0 0.2


Wood 2.2 286 49.5 6.0 42.7 0.2 0.1


Glass 5.0 650 0.5 0.1 0.4 <0.1 –


Metals 4.8 624 4.5 0.6 4.3 <0.1 –


Other 4.6 598 26.3 3.0 2.0 0.5 0.2


Total: 8021 3151 409 2413 46 11


Atomic Weight (kg/kmol) 12.01 1.01 16.00 14.01 32.07


Number of Moles 262 405 151 3.29 0.33


Molar Ratio (For C=6) 6.0 9.3 3.5 0.1 ~0.0


Approximate Chemical Formula: C6H9.3O3.5


B-10. 2 Effect of Moisture and Inert Materials on Heating Value
The inclusion of moisture and non-combustible materials in the MSW decreases the available heat for combus-
tion in Waste-to-Energy (WTE) plants that produce electricity and steam. To quantify these effects, it is assumed
that the WTE plant provides steam to a standard power plant and that the exhaust gases leave the boiler at 120 oC
and 0.135 MPa (20 psi). Accordingly, the amount of heat wasted per kg of water in the feed, as water vapor in
the exhaust gases, is calculated to be 2636 kJ/kg. 


The non-combustible materials in the feed, mainly glass and metals, end up mostly in the bottom ash. If it is
assumed that the ash leaves the grate at about 700oC and using the known specific heats of each material, the cor-
responding heat loss of for each inorganic material in the MSW is estimated to be as follows:


• Glass and other siliceous materials: 628 kJ/kg (270 BTU/lb)


• Iron: 420 kJ/kg 


• Aluminum: 134 kJ/kg


Considering that the iron/aluminum ratio in MSW is about 4 (Table 10), the average heat loss per kg of
metal is estimated to be 544 kJ/kg (234 BTU/lb). Accordingly, the effects of non-combustibles on the heating
value of RDF can be expressed as follows:
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Heating value of mixed MSW = (heating value of combustibles)*Xcomb – 
• (heat loss due to water in feed)*XH2O – (heat loss due to glass in feed)* Xglass – 


• (heat loss due to metal in feed)*Xmetal (3)


and substituting numerical values for the heat value of combustion (Equation 3) and the above heat losses 
Heating value of mixed MSW=
= 18400Xcomb – 2636XH2O – 628Xglass – 544Xmetal kJ/kg (4)
where Xcomb , XH2O, etc. are the fractions of combustible matter, water, etc. in the RDF.


As discussed earlier, it is preferable to separate the “wet”, putrescible materials that contain a lot of water and
also complicate manual and mechanical sorting of the rest of the waste, from the non-combustible fraction
(metal, glass, other inorganic materials). Of course, separating the non-combustible fraction also increases the
thermal efficiency and ease of operation of the combustion plant. However, this requires collecting a dry and a
wet stream and increases the cost of collection.


Table 9 showed that the experimentally determined heating value of the “dry” stream, after separation of the
“wet” and the non-combustible fractions, amounts to 18470 kJ/kg. This value is fairly close to the thermochemi-
cal value calculated on the basis of Equation 4 and in the range of lignitic and sub-bituminous coals that are still
used in many power plants. Therefore, using the “dry combustible” MSW as an RDF fuel in a conventional
power plant can reduce, by as much as ton per ton, the need for mining coal. Due to the fact that the present
energy conversion efficiency of WTE plants is about 65 percent that of coal-fired power plants and the MSW
combusted consists of the mixed “wet” and ”dry” fractions, the actual replacement ratio is 0.25 tons of coal per 1
ton of commingled MSW. The replacement value for fuel oil amounts to 45 gallons of oil per ton of mixed
MSW.


Figure 3 shows the effect of moisture on the heating value of MSW. The bold line represents the heating
value calculated from Equations 4. It can be seen this line is fairly representative of the heating value of several
waste materials reported in that literature, as well as of the New York City MSW (Table 9). Of course, wastes
consisting mostly of plastics cannot be represented by C6H10O4 but by lower oxygen organic materials that have
higher heating values. The opposite is true for wastes that contain only papers where cellulose (C6H10O5) is the
prevalent compound. Figure 3 shows the projected heating values for a number C6H10Ox compounds.
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Figure B-3. Effect of moisture on heating value of MSW materials (points shown are experimental values; solid lines
show thermochemical calculations for various organic compounds)


B-11 Waste-to-Energy Power Plants vs. The Incinerators of the Past


Thirty six million tons of MSW are combusted annually in U.S. Waste-to-Energy (WTE) plants (Berenyi, 1998)
to generate about 20 billion kWh per year (Berenyi, 1998). The equivalent amount of fuel oil that would have to
be imported to produce this amount of electricity in conventional power plants would be 1.6 billion gallons per
year. Despite this obvious advantage of combustion, an estimated 117 million tons of municipal wastes (CEQ,
1997), plus at least an equal amount of commercial and industrial combustibles (e.g. plastic residues from car
shredding) are discarded annually in landfills. Also, as noted above, New York City (NYC) is sending about 3.2
million tons of MSW per year to landfills and only 0.56 million tons to combustion. 


The main reason for the dominance of landfills is that, due to the relatively low value of land, landfilling is in
many cases less costly. Also, in the past, environmentalists have rightly opposed combustion of MSW, due to the
adverse effects of past incineration practice that goes back to the nineteenth century. For example, as documented
by Walsh et al (2000), between 1910 and 1968 there were in NYC approximately 17,000 apartment/house incin-
erators, with no emission controls, and 32 municipal incinerators, with rudimentary controls. During this period,
the NYC municipal incinerators processed about 73 metric million tons of MSW and the soot emissions to the
atmosphere amounted to an astounding 1 percent of the MSW feed (Walsh et al, 2000). 


However, by the end of the 20th century, MSW was combusted in modern power plants that generated elec-
tricity, recovered metals, and were equipped with gas emission control systems that were superior to those used in
many coal-fired thermoelectric plants. For example, the particulate emissions from the modern WTE plant
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described later in this report amount to only 0.003 percent of the MSW feed. Therefore, a clear distinction must
be made between the incinerators of the past and the modern Waste-to-Energy (WTE) plants. 


Any plant designed to solely burn municipal solid wastes is anachronistic and environmentally indefensible.
With present day technology, the combustion of municipal wastes must be accompanied by the generation of
electricity and process steam. It is this combination that has led to the burgeoning new industry of Waste-to-
Energy (WTE). There are nearly one hundred WTE plants in the U.S. (Berenyi, 1998). In contrast to coal-fired
power plants, WTE plants have two sources of revenue: the generated electricity and the disposal (“tipping”) fees
paid by municipalities to get rid of their wastes. Also, WTE plants do not have to buy their fuel or transport it
over long distances. The value of electricity produced in WTE plants provides a financial resource that can be
used to clean the combustion gases to a degree that was never practiced in the incinerators of the past and is even
higher than many of the older coal-fired power plants. If combustion of MSW has advanced to the point that it
offers an environmentally superior option for managing part of the U.S. MSW stream, should it be opposed on
the basis of past experience with obsolete technology? This question was examined in great detail during this study.


It is widely understood that any technology or product, in addition to the benefits it provides, has a certain
downside. Therefore, it is important in any particular case to compare the advantages and disadvantages of a given
technology against those of the alternatives. What are the alternatives to the combustion of municipal wastes?
Some people say “avoidance of wastes” or “recycling” but inspection of the composition of MSW (Table 3) and
the accumulated experience in the U.S. and abroad show that even under the best recycling scenario, society will
still have to dispose a large part of its MSW. With time there will be fewer types of non-recyclable plastic, paper,
and composite materials. However, after all possible waste-avoidance and recycling methods are attained, there
will still be a large amount of used materials to be disposed. Table 5 showed that even when the NYC recycling
rate increases to the maximum attainable of 40 percent, from the present level of less than 20 percent, there will
still be close to 2.7 million tons of MSW per year to be disposed either by combustion or by landfilling.


The following sections examine the pros and cons of Waste-to-Energy and landfilling. 
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B-12 Electric Energy from MSW
The dominant WTE technologies are described in this section.


B-12.1 Moving Bed Combustion:“Mass Burning”
“Mass burning” is the dominant WTE technology in the U.S., Japan, and other countries; it can be classified
under the class of unit operations called “moving bed”. Trucks carrying MSW empty their load in a large enclosed
chamber (Figure 4). An overhead “claw” crane scoops material and deposits it at the feed end of a moving metal
grate, or set of slowly rotating cylinders, that slowly conveys the waste materials through the combustion cham-
ber. Many WTE operators favor the “mass burning” process because it does not require pre-processing of the feed
and is a relatively simple operation. However, because of the large size of the items 
moving through the combustion chamber, the rates of heat, mass transfer, and combustion are relatively slow.
Therefore, a very large grate and combustion chamber are required and the rate of heat generation per unit vol-
ume is correspondingly low. The temperatures generated in the combustion chamber are in the order of 900°C. 


Figure B-4. Schematic diagram of mass-burning WTE facility


B-12.2 Refuse-derived fuel (RDF)
The term “refuse-derived fuel” (RDF) describes MSW that has been processed to a fairly uniform fuel, ready for
combustion either in dedicated WTE plants or as complementary fuel in coal-fired power plants. The processing
generally entails separation of inert materials, size reduction, and densifying (e.g., pelletizing). This allows for the
removal of both recyclable and hazardous materials. The densified material is more easily transported, stored, and
combusted than raw MSW. RDF can be produced on a small scale at several locations and then transported and
used in a large WTE plant where the efficiencies of scale allow for effective emission controls. Also, the processing
of MSW to RDF can include the addition of calcium compounds after combustion to reduce HCl emissions.
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Lakeland Electric in Florida is an example of an operation that continues to make use of MSW as a co-fuel in a
coal-fired power plant. The McIntosh Power Plant has been burning co-fuel since 1983, and uses 10 percent RDF
to 90 percent coal. It was designed to use up to 500 tons per day of RDF (Clarke, et al., 1991). Wide adoption of
RDF technologies has been hampered by the difficulties of processing a highly non-homogeneous material; also
the use of RDF as a coal substitute requires modern gas control equipment that is not available at many coal-fired
power plants.


B-12.3 Flash and Moving Bed Combustion: The SEMASS WTE Plant
In between the “mass burning” and RDF processes, there is a technology developed by Energy Answers
Corporation (EAC 1999) and used by American Ref-Fuel at their SEMASS plant at Rochester, MA (SEMASS
2001). MSW is transported to this plant by covered railcar and truck from about 40 communities in a 65-mile
radius, including the entire Cape Cod area and Martha’s Vineyard, and Nantucket. The plant consists of three
parallel combustion units, processing an average of 3,000 tons per day or one million tons per year. The first two
units were built in 1989 and Unit 3 in 1994. An average of 650 kWh of electricity is produced per ton of MSW,
of which 100 kWh are used to operate the plant and the rest are sold to the local utility. Figure 5 is a photograph
of the SEMASS plant.


Figure B-5. SEMASS Resource Recovery Facility (Rochester, MA)
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SEMASS was designed and built by Energy Answers Corporation (EAC) and is presently operated by
American Ref-Fuel. The feed material consists of the entire (i.e., “wet” + “dry”) MSW stream. At this time, the
SEMASS combustion chamber and its products are the subject of scientific studies at Columbia University.
Waste brought to plant is dumped on a tipping floor (Figure 6). The MSW is loaded from the tipping floor by
front-end loaders onto conveyors that pass by inspectors who look for bulk waste that could jam the shredders, or
for hazardous waste; these items constitute about 1.6 percent of the incoming material. The waste is then shred-
ded in one of two large hammermill shredders that produce a blended material of minus 6-inch size. The shred-
ded material is conveyed under overhead belt magnets for the first round of ferrous metal recovery and is then
stored in bays in a closed building. This material is called by EAC “processed refuse fuel” (PRF) and can be stored
for long periods, as it is fairly dry, does not attract rats or flies and is not malodorous.


Figure B-6. Illustration of sequence of unit operations in SEMASS WTE Plant


When this material is fed by conveyor into the combustion chamber, deflectors at the bottom of the chutes
and high-velocity air jets, disperse the lighter particles in the hot gas where they are subjected to flash combus-
tion. The heavier particles settle on the far end of a moving grate, located at the bottom of the combustion cham-
ber, and slowly move towards the feed end. Thus, the SEMASS reactor combines flash and moving bed
combustion. The temperatures reached in the combustion chamber and on the moving grate are about 100oC
higher than in mass burning and the discharged “bottom” ash, examined by the authors in the laboratory, is semi-
fused, unlike the powdery ash of mass-burning plants. Additional ferrous metals and also non-ferrous metals are
recovered from this ash by means of magnetic and eddy current separators, respectively. The ash meets the EPA
non-toxic criteria (TCLP test) and can be used as landfill cover and other beneficial uses.


The gas handling plant of the SEMASS Combustion Unit 3 (built in 1994) is more advanced than the first
two units (built in 1989). Potential air contaminants are controlled by a variety of means. A solution of urea in
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water is injected continuously into the furnace to control the level of nitrogen oxides. The combustion gases pass
through water and air heat recuperators and then enter a “dry scrubber” chamber where a lime slurry is injected
to neutralize acid gases and trap any chlorides and dioxins/furans that may have persisted in the high temperature
atmosphere in the combustion chamber, or re-formed during the cooling stage of the gas. Activated carbon is
injected in the process gas to collect mercury and other volatile contaminants. Finally, fiber fabric filters capture
most of the fine particles before the gases are discharged through the stack. The fly ash collected in the fiber bag
filters contains most of the heavy metals that were present in the MSW and is disposed in a monofill landfill.


The SEMASS plant recovers 4.5 percent of the feed MSW as ferrous and non-ferrous metal, and disposes 7.7
percent as fly ash to the nearby backup landfill. The bottom ash, after metal recovery, represents about 10 percent
of the feed and can be used as road fill or in other beneficial uses. The process flow diagram is shown in Figure 7.


Figure B-7. Process flow diagram of one of the three SEMASS WTE units


B-12.4 Gas Emissions from WTE Power Plants
The most contentious issue regarding energy recovery from solid wastes is that of emissions to the atmosphere.
Emissions of mercury, hydrochloric acid, and dioxins have been the most worrisome problems in the past.
However, by the end of the 20th century, emissions in modern WTEs were reduced to extremely low levels by
means of reduction of the precursors in the feed (e.g. mercury-containing products), better combustion practice,
and greatly improved gas control systems that include dry-scrubbing, activated carbon injection and filter bag col-
lection systems. For example, Table 11 compares air emission levels for the SEMASS No. 3 unit with the current
EPA standards (Themelis et al 2001). A detailed tabulation of all emissions of the Onondaga, NY WTE plant can
be found in their web page (www.ocrra.org) 
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Table B-11 Comparison of 1999 Emissions from SEMASS WTE plant with EPA standards


EMISSION EPA STANDARD1 SEMASS2


Particulate (gr/dscf ) 0.010 0.002


Sulfur Dioxide* 30 16.06


Hydrogen Chloride* 25 3.6


Nitrogen Oxides* 150 141


Carbon Monoxide* 150 56.3


Cadmium** 20 1.24


Lead** 200 30.03


Mercury** 80 5.09


Dioxins/Furans (ng/dscm) 30 0.86


gr/dscf: grains/dry standard cubic foot; 1 gr/dscf=2.28 g/dscm


*ppmdv: parts per million dry volume 


**mg /dscm: microgram per dry standard cubic meter; ng: nanogram
1The standards and data are reported for 7% O2, dry basis, and standard conditions.
2EAC, average of 1994-1998. Boiler No.3


Since the SEMASS combustion process produces about 6900 standard cubic meters of process gas per ton of
MSW, the mercury concentration shown in Table 11 corresponds to about 34 kilograms per million tons of
MSW processed. The measured concentration of mercury in the collected flue dust is 18 parts per million (Figure
3) and represents 7.7 percent of the MSW processed (Figure 9). Therefore, it is concluded that 97 percent of the
mercury input in the MSW feed is captured in the flue dust. As noted earlier, the SEMASS flue dust is disposed
in a “monofill” landfill where there is no organic carbon. In contrast, if the MSW that now goes to SEMASS were
to be landfilled, the conditions in a landfill (organic matter, moisture, bacteria) are favorable for the formation of
methyl mercury, a compound that is bioavailable and can move up the food chain (Gregory, 2001). 
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Figure B-8. Mercury concentration in SEMASS fly ash (1990-1994; from plant record of operating data)


B-12.5 Decrease of WTE Mercury Emissions in the Nineties
As the most prominent pollutant of the volatile heavy metals, mercury is a good indicator of the drastic decrease
of U.S. WTE emissions in the nineties. The principal reason for this were environmental regulations that man-
dated much improved gas control systems; the other reason was lower input of metals in the MSW feed, due to
increased recycling and reduction of mercury use in materials production. State regulations in New Jersey ensured
that by the end of 1995 all WTE plants were retrofitted with activated carbon injection. Table 12 (NJ DEP 2001,
Themelis and Gregory 2001) shows the decrease in mercury emissions of the NJ WTE plants between 1993 and
1999.


Table B-12 Mercury emissions from New Jersey WTE plants, 1991-1999 
(New Jersey Task Force, 2001)


FACILITY WTE CAPACITY,SHORT POUNDS OF MERCURY PER YEAR
TONS/DAY 1991-93 1996 1997 1998 1999


Camden 1,050 1,084 431 350 144 113


Essex 2,275 1,771 216 323 115 162


Gloucester 575 149 32 51 25 15


Union 1,440 844 84 42 24 32


Warren 400 562 4 4 3 4


Total NJ 5,740 4,410 767 770 311 326


Table 13 (Themelis and Gregory 2001) compares the 1999 mercury emissions of the five New Jersey WTE
plants with the SEMASS, MA, and the Onondaga, NY, WTE plants. The last column brings all the data into a
common metric: kilograms of mercury emitted per million metric tons of MSW combusted. The lower emissions
shown for some of the MSW plants in Table 13 reflect both better gas control systems and the ability of some
communities to divert mercury-containing objects from the MSW stream. For example, an aggressive campaign
in Warren County, NJ reduced the amount of mercury in the MSW stream from 3 parts per million to less than
1 ppm (NJ DEP 2001). 
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To appreciate the drastic reduction in mercury emissions from WTE plants in the last decade of the 20th
century, it should be noted that a study by the National Renewable Energy Laboratory (NREL 1993) reported
that the 1989 emissions of U.S. WTEs amounted to 81.8 tons of mercury. A few years later, the EPA Report to
the Congress (EPA 1997) showed that the 1994-1995 emissions from WTE plants had been reduced to 26.9 tons
of mercury. Finally, if we apply the average value of 60 kg of mercury per million metric tons of MSW (Table 13)
to the 33 million metric tons (36 million short tons) of MSW combusted in the U.S. (Berenyi, 1998), the mer-
cury emissions from U.S. WTE plants in 1999 would amount to about 2 tons, i.e. thirteen times smaller than the
EPA 1995 estimate and nearly forty times lower than the 1989 WTE emissions. In contrast, the mercury emis-
sions from all U.S. coal-fired power plants are about 47 tons per year (EWG 2001).


Table B-13 1999 Mercury emissions from Waste-to-Energy plants


FACILITY GAS CONTROL MSW COMBUSTED, ANNUAL MICRO- MERCURY KILOGRAMS OF
SYSTEM (ALL USE SHORT TONS GRAMS OF MERCURY EMISSIONS MERCURY PER


CARBON INJECTION) PER YEAR PER DRY STANDARD Kg/y MILLION METRIC
CUBIC METER TONS OF MSW


Camden, NJ ESP 451,000 25.1 51.3 125


Essex, NJ ESP 985,000 31.8 73.5 82


Gloucester, NJ Fabric filters 210,000 38.0 6.8 36


Union, NJ Fabric filters 562,000 2.2 14.5 28


Warren, NJ Fabric filters 160,000 2.4 1.8 12


New Jersey total 2,368,000 148.0 69


Onondaga, NY Fabric filters 330,000 8.1 15.3 52


Hempstead, NY Fabric filters 700,000 NA NA


Niagara Falls, NY Fabric filters 800,000 NA NA


New York total 1,826,000


SEMASS, MA Fabric filters 1,000,000 5.1 33.0 37


B-12.6 Decrease in Dioxin Emissions from WTE Plants 
Another environmental concern regarding WTE plants in the past has been the emission of dioxins. In the case of
the SEMASS WTE plant, the dioxin concentration of 0.86 nanograms per dry standard cubic meter of gas (Table
11) correspond to only 4.5 grams per year, i.e. 4.5 grams per million tons of MSW. If all the U.S. WTE plants
(36 million tons of MSW) were doing as well, the total WTE emissions would amount to 162 grams per year.
However the Onondaga WTE reported (Jan.-Feb 2000, www.ocrra.org) an average dioxin concentration of 2.78
nanograms per dscm. This number is three times higher than at SEMASS and if it applied to the entire WTE
industry, the annual emissions would amount to 480 grams, or about one pound per year.


A preliminary report by EPA (1998) estimated that as of 1995, the dioxin emissions of municipal waste
incinerators were in the range of 492-2,460 grams and represented 40 percent of the tabulated emissions.
However, the review panel of this report (EPA Review 1998) noted that “estimates for dioxin emissions from
landfill fires and backyard trash burning suggest that these sources may release more dioxins to the air than do
most of the sources EPA included in (their estimate”. The review panel also commented that “25,000 grams of


Life after Fresh Kills: Policy, Technical, and Environmental Considerations.
Earth Engineering Center and Urban Habitat Project, Columbia University, November 2001


B-26







TEQ dioxin may be found in pentachlorophenol (PCP) used for wood treatment. This amount is over eight
times greater than EPA’s (total 1995) estimate.” Another observation by the review panel of the EPA report was
that “EPA estimates that there are 25,000,000 residential wood combustion sources in the United States, yet none
have been tested for dioxin emissions.”


In summary, the implementation of Activated Carbon Injection in WTE plants has helped to decrease both
mercury and dioxin emissions. The dioxin emissions are specially low in flash-moving bed combustion, such as is
used at the SEMASS WTE, that generates higher temperatures within the combustion chamber. At the present
time, the dioxin emissions from the entire U.S. WTE industry are of the order of one pound per year.


B-12.7 Existing New York and New Jersey WTE Facilities
Several communities in New York and New Jersey (Table 13) have developed successful waste-to-energy programs
to manage solid waste. The Onondaga County Resource Recovery Agency (www.ocrra.org) completed a Waste-to-
Energy facility in 1994. It is a “mass burning” plant consisting of three combustion chambers of annual capacity
of 330,000 tons of MSW per year. The $15 million gas control system is of the most advanced type and includes
injection of ammonia to suppress nitrogen oxide formation, dry scrubbing with lime slurry, activated carbon
injection, and a fabric filter baghouse. 


American Ref-Fuel operates several WTE plants in New Jersey and New York, including the ones that com-
bust NYC MSW (Essex Count, NJ; Hempstead, NY). The newest is the Niagara Falls, NY, plant. It is based on
mass burning technology and has two combustion chambers of annual capacity of 0.7 million tons (www.ref-
fuel.com/locations/niagarafalls.htm). The Hempstead, NY, WTE has three combustion units of 0.8 million tons
capacity. The Essex County, NJ, plant consists of three mass- burn lines of annual capacity of 0.9 million tons
(www.ref-fuel.com/locations/essex.htm). American Ref-Fuel also operates the SEMASS facility (1 million tons per
year; www.ref-fuel.com/locations/semass.htm) that is described in more detail in this report.


B-12.8 Metal Recovery in WTE plants- Greenhouse gas credits
As shown in the flow sheet of the SEMASS WTE power plant, nearly 45,000 tons of ferrous and non-ferrous
metals are recovered by processing one million tons of MSW per year. Also, since a WTE plant produces much
lower quantities of greenhouse gases per ton of MSW than landfills, the greenhouse gas credits may be saleable
internationally and used to reduce the capital costs of the projected system.


B-12 .9 Private Financing of a New Waste-to-Energy Plant
The experience of the SEMASS facility at Rochester, MA, has shown that the principal lever for building a new
WTE plant is the commitment of a number of municipalities to send their MSW to this plant for a stated period
of years and tipping fees. In the case of SEMASS, such agreements were made by Energy Answers Corp. with sev-
eral communities over an area of 65-miles radius. The plant started operations with two combustion lines in 1989
and a third was added in 1994 to bring the present capacity to one million tons of MSW per year. At this time
fifty communities from southeast Boston to Cape Cod, including Martha’s Vineyard and Nantucket, send their
MSW to SEMASS. A corresponding number of landfills have been closed in one of the most scenic areas of the
United States. 


In the case of NYC, the decision to examine in depth the advantages of diverting MSW from landfills to a
new WTE plant can be made by one municipal entity: New York City. Instead of planning for the entire stream
that presently goes to out-of-state landfills (3.2 million tons), the City may consider, as the first stage, the diver-
sion of only one-third of this amount, i.e. one million tons, to a new Waste-to-Energy plant to be located in the
state of New York or in New Jersey. The experience of the SEMASS plant (Figure 5, aerial photo of SEMASS)
shows that, for aesthetic and logistic reasons, such a plant should not be built in a densely populated area like
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NYC but at a location that can be accessed easily from NYC by covered rail car or barge. As in the case of
Rochester, Mass., the host community will welcome a WTE plant because of several accruing benefits (e.g., clos-
ing of local landfill, important financial benefits, increased employment, lower energy costs, and process steam for
industrial or residential use).


As in the case of SEMASS, NYC would not be involved in the financing of this plant. The City would only
need to provide the guarantee of MSW supply. The plant would be privately financed, owned and operated. A
long-term contract would be arranged between the owner and a NY state utility for the sale of electricity (esti-
mated at 70 MW for a one-million ton WTE plant). Since the electricity produced by a WTE facility can be con-
sidered to be “Green Energy”, it can be sold to the utilities at a higher than normal price since the utility’s selling
price is also higher.


The financial aspects shown in Table 14 are based on information reported elsewhere in this report or pro-
vided by Energy Answers Corp., the builders of SEMASS.


Table B-14 Projected costs and revenues (1,000,000 tons MSW/year)


Cost of implementation (financing, engineering, land, construction, start up, contingency) $400 million


Total operating costs (labor, services, supplies, administration) $35 million per year


Revenues: Tipping fees (at assumed $50/ton, in 2001 $) $50 million per year


Revenues: Electricity (550 million kWh) $27 million


Other revenues: Metals, Steam $4+ million


B-12.10 Potential for Development of an Eco-Industrial Park
Eco-industrial parks are combinations of industrial activities where the products and by-products of one industry
may be of use to another industry located nearby. An interesting possibility, to explore with the host community
of the projected WTE power plant is the private development of an Eco-industrial park that would include distri-
bution of electricity and waste steam to neighboring industries such as:


• recovered metal users, (metal ingots, reinforcing steel), 


• recovered aggregate users (concrete and asphalt products), 


• used tire processors (recovery of steel and crumb rubber),


• recovered glass users (ceramic tiles), 


• steam users (food manufacturers, commercial laundries, paper mills), 


• composting facilities (steam and electricity)


• greenhouses to take advantage of steam supply (with the added advantage of absorbing carbon dioxide and
producing oxygen from plant growth) 


• other industrial operations that may benefit from a steady local source of certain raw materials and low cost energy
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B-13 The Landfilling Alternative


B-13.1 Use of Land
As noted earlier, landfilling is the principal means of disposing of MSW in the U.S. because of the seeming abun-
dance of land and its present low cost. However, biodecomposition of MSW in landfills can proceed over many
decades or even centuries so that the ground above landfills is constantly subsiding and cannot be used for much
else. To illustrate the “for ever” use for land for landfilling, it is interesting to examine the case of the city of
Halifax, Canada (Halifax, 2000). They practice “wet” and “dry” separation at the household level, recycling of
usable materials, composting of part of the “wet” fraction, and controlled pre-composting of the remainder of the
MSW, prior to disposal in a state-of-the-art landfill. Halifax is a community of about three hundred thousand
people generating 250,000 tons of MSW per year. Their recycling and composting activities result in only 60 per-
cent (150,000 tons/yr) of the total MSW going to the landfill. The planned lifetime of this modern 80-acre
landfill is twenty years, thus amounting to the use of about 16200 square meters (4 acres) per year. On this basis,
the “forever” use of land for landfilling amounts to one acre for every 37,000 tons of MSW landfilled. The 3.2
million tons of landfilled NYC MSW take out of commission about 90 acres of land. Of course, a much larger
area of land is affected by the presence of landfills because there cannot be any human habitation close to them.


B-13.2 Gas Emissions from Landfills 
The anaerobic decomposition of MSW in landfills leads to the generation of methane and carbon dioxide as rep-
resented by the following simplified reaction (Themelis and Kim 2001):


C6H10O4 + 1.5H2O = 3.25CH4 + 2.75CO2


The gas produced in this chemical reaction contains about 54 percent methane and 46 percent carbon diox-
ide. If it is assumed that the (C6H10O4)x component represents 25 percent of the MSW stream, the maximum
amount of natural gas that can be produced from the NYC black-bag stream is calculated from the above equa-
tion to be 134 standard m3/metric ton. However, as the organic molecule chains become shorter, they become
more stable and the rate of biodegradation decreases. Franklin (1995) reported that the maximum capacity of
landfilled MSW to produce methane is 62 standard m3 of CH4 per ton of MSW, i.e. 50 percent of the amount
projected by Equation 2. The actual capture of methane gas generated in landfills in the U.S. has been estimated
at about 66 percent (Dennison, 1996). For the 117 million tons of MSW landfilled in the U.S. and assumed 66
percent recovery of the generated methane, the carbon loss to the atmosphere in the form of CH4 is calculated to
be about 1.5 million tons of carbon per year. Since methane is 21 times more potent as a greenhouse gas than
CO2, the methane losses from landfills correspond to about 35 million tons of carbon equivalent, or 2 percent of
the total U.S. contribution to greenhouse gases. 


It should also be noted that if the entire 62 m3 of CH4 per ton of MSW were to be recovered, the contained
heating value would amount to 1940 MJ per ton MSW, i.e. 20 percent of the heating value of combusted MSW
(11630 MJ/ton, Table 9).


B-13.3 Liquid Emissions of Landfills
The prevailing conditions in landfills (moisture, chemicals, organic matter, evolution of heat due to bioreactions)
are favorable for the leaching of metals and the formation of leachate solutions. In modern landfills, precautions
are taken for collecting and treating the leachate, during operation and for several years after closing the landfill.
However, the potential exists for future subsidence of the landfill, breaching in the retaining structure and liquid
emissions to the environment. A material balance carried out by the authors on the SEMASS plant showed that


Life after Fresh Kills: Policy, Technical, and Environmental Considerations.
Earth Engineering Center and Urban Habitat Project, Columbia University, November 2001


B-29







the flue ash collected (approximately 75,000 tons per year) contained 18 parts per million of mercury, i.e. 1350
kilograms of mercury. Adding to this amount the estimated annual emissions of about 35 kg, yielded a mercury
input of about 1.5 parts per million in the MSW. If the same mercury concentration applies to the 3.2 million
tons of NYC MSW that are presently landfilled, the amount of mercury going to landfills is of the order of 4.8
tons per year. This amount is equal to four times the total annual mercury deposition on the Hudson-Raritan
basin, which includes New York City and the industrialized New Jersey (Gregory and Themelis 2001). Mercury
metal is volatile at normal temperatures and oxidized mercury can be mobilized in the form of methyl mercury
under the moist, reducing conditions existing in MSW landfills.


B-13.4 Life Cycle Assessment of Landfilling vs Waste-to-Energy
A critical analysis and comparison of the life-cycle environmental impacts of recycling, incineration and
landfilling by Dennison (1996) was based on the major North American studies of these subjects. It showed that
recycling of used materials is superior to either incineration or landfilling, as one might reasonably expect.
However, it also showed that combustion is preferable to landfilling and offered the advantage of 28 MJ less of
energy used per ton of material processed than landfilling. Of course, interstate transport of MSW, as discussed in
an earlier section of this report, will increase considerably the energy usage per ton of MSW. 
Of equal importance was the finding that, for the 10 major air pollutants categories considered, combustion
resulted in lower emissions than landfilling, with the exception of higher generation of carbon dioxide in the
combustion process. However, when the generation of carbon dioxide is associated with the production of useful
energy, e.g. 550 kWh/ton in the SEMASS WTE plant, one should subtract the “avoided” amount of carbon diox-
ide that would be produced anyway in a conventional power plant. 


A more recent study by Eschenroeder (1998) indicated that, for modern landfills equipped with methane col-
lection systems (70-year post-closure period), the time-integrated effect of greenhouse gases emitted was as much
as 45 times greater than when the MSW is combusted.
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B-14 Conclusions and Recommendations


At this time, NYC DOS are recycling 750,000 tons of the 4.5 million tons of MSW collected annually by NYC
DOS. Since the closing of the Fresh Kills landfill, 3.2 million tons are transported mostly by truck to
Pennsylvania, Virginia, and New Jersey landfills. The remaining 0.56 million tons of NYC MSW are combusted
in New Jersey and New York Waste-to-Energy (WTE) power plants.


Of the available means for MSW disposal, biocomposting to natural gas, or alcohol, and compost product
has not been applied on a large scale in the U.S. Also, it requires the introduction of a new collection system that
separates “wet” (i.e., organic wastes) from “dry” and the development of a large regional market for the compost
product.


The present rate of recycling can be increased a) by maintaining but modifying the existing three-stream col-
lection system and b) implementing an automated, modern Materials Recovery Facility (MRF) to be operated by
the City. In the first stage of implementation, these measures can increase the recycling rate from the present 0.75
million tons to 1.2-1.5 million tons. The estimated investment is on the order of $60 million.
With respect to the estimated 60 percent of NYC MSW that is not recyclable under any circumstances, the only
viable technologies in the foreseeable future are landfilling and Waste-to-Energy. Both of these technologies are
already used by private firms under contract to NYC. A thorough investigation of these technologies has shown
that WTE is environmentally preferable to landfilling on several counts:


a) WTE generates a net of 550 kWh per ton of MSW. This reduces the state’s dependence on coal mining
(about 0.25 tons of coal less per ton of MSW combusted) or on oil imports (45 gallons of oil less per ton
of MSW). At this time, 36 million tons of MSW are combusted annually in U.S. WTE plants to gener-
ate about 20 billion kWh per year. This is equivalent to a saving of 1.6 billion gallons of fuel oil per year.


b) The gas emissions from landfills contain methane (natural gas), a gas that is 21 times more potent as a
greenhouse gas than carbon dioxide. Thus, including the advantage of electricity production from the
combusted MSW, the landfill greenhouse gas emissions are several times greater than for WTE. With
regard to other emissions, such as mercury and dioxins, this report documents the great progress that the
U.S. WTE industry has made in this sector towards the end of the 20th century. Currently, all modern
WTE plants are equipped with advanced gas control systems, such as dry scrubbing, activated carbon
injection and bag filters, that are superior to the gas handling systems of most coal-fired power plants.


c) In modern landfills, during the life of the landfill and for a mandated period after that, the generated
aqueous effluents are collected and treated chemically. However, reactions within the landfill can con-
tinue for decades and centuries after closure. Thus there is potential for future contamination of adjacent
waters.


d) WTE recovers ferrous and non-ferrous metals, thus conserving natural resources. 


e) Landfilling practically condemns for any future use a large amount of land per ton of MSW disposed. A
rough estimate for the direct use of land is one acre for every 37,000 tons of MSW. This figure corre-
sponds to an annual “consumption” of about 90 acres per year for the NYC MSW that is presently trans-
ported to out of state landfills. Of course, a much larger surface area is required between landfills and
inhabited areas or parks.
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f ) A modern WTE plant for processing the NYC MSW should be located within a relatively short distance
from NYC. In contrast, if the City relies on out of-state landfills for the long run, transport (principally
by truck) requires additional use of fuel (estimated at 10 million gallons/year for the present transport of
NYC MSW to Pennsylvania and Virginia landfills) and results in additional greenhouse gas emissions.


In recognition of the above factors, some other developed nations, like France and Germany, have phased out
the use of landfills, except for the disposal of inorganic materials (e.g. ash) that cannot be recycled or combusted.
From an economic point of view, landfilling is at present less costly in the U.S. because land is inexpensive.
However, “tipping” fees depend on current environmental regulations and also on the distance over which MSW
must be transported. For New York City, in the last few decades tipping fees have increased manifold to the pres-
ent rate of $70/ton. They are bound to increase further as landfills come under further public and state scrutiny. 


On the basis of the above considerations, there are technical and environmental arguments that support the
diversion of MSW from landfills to WTE plants. In summary, the results of this study indicate that the modern
MRF and WTE technologies should be considered as tools of integrated waste management and offer various
technical and environmental advantages over landfilling. Of course, any future determinations need to balance
both technical and broader policy considerations.
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The use of municipal solid waste (MSW) to generate electricity
through landfill-gas-to-energy (LFGTE) and waste-to-energy
(WTE)projectsrepresentsroughly14%ofU.S.nonhydrorenewable
electricity generation. Although various aspects of LFGTE
and WTE have been analyzed in the literature, this paper is
the first to present a comprehensive set of life-cycle emission
factors per unit of electricity generated for these energy
recovery options. In addition, sensitivity analysis is conducted
on key inputs (e.g., efficiency of the WTE plant, landfill gas
management schedules, oxidation rate, and waste composition)
to quantify the variability in the resultant life-cycle emissions
estimates. While methane from landfills results from the anaerobic
breakdown of biogenic materials, the energy derived from
WTE results from the combustion of both biogenic and fossil
materials. The greenhouse gas emissions for WTE ranges from
0.4 to 1.5 MTCO2e/MWh, whereas the most agressive LFGTE
scenerio results in 2.3 MTCO2e/MWh. WTE also produces lower
NOx emissions than LFGTE, whereas SOx emissions depend
on the specific configurations of WTE and LFGTE.


Introduction
In response to increasing public concern over air pollution
and climate change, the use of renewable energy for electricity
generation has grown steadily over the past few decades.
Between 2002 and 2006, U.S. renewable electricity genera-
tionsas a percent of total generationsgrew an average of
5% annually (1), while total electricity supply grew by only
1% on average (2). Support mechanisms contributing to the
growth of renewables in the United States include corporate
partnership programs, investment tax credits, renewable
portfolio standards, and green power markets. These mech-
anisms provide electric utilities, investment firms, corpora-
tions, governments, and private citizens with a variety of
ways to support renewable energy development. With several
competing renewable alternatives, investment and purchas-
ing decisions should be informed, at least in part, by rigorous
life-cycle assessment (LCA).


In 2005, a total of 245 million tons of MSW was generated
in the United States, with 166 million tons discarded to


landfills (3). Despite the increase in recycling and composting
rates, the quantity of waste disposed to landfills is still
significant and expected to increase. How to best manage
the discarded portion of the waste remains an important
consideration, particularly given the electricity generation
options. Although less prominent than solar and wind, the
use of municipal solid waste (MSW) to generate electricity
represents roughly 14% of U.S. nonhydro renewable elec-
tricity generation (1). In this paper we compare two options
for generating electricity from MSW. One method, referred
to as landfill-gas-to-energy (LFGTE), involves the collection
of landfill gas (LFG) (50% CH4 and 50% CO2), which is
generated through the anaerobic decomposition of MSW in
landfills. The collected LFG is then combusted in an engine
or a turbine to generate electricity. A second method, referred
to as waste-to-energy (WTE) involves the direct combustion
of MSW, where the resultant steam is used to run a turbine
and electric generator.


Clean Air Act (CAA) regulations require capture and
control of LFG from large landfills by installing a gas collection
system within 5 years of waste placement (4). The gas
collection system is expanded to newer areas of the landfill
as more waste is buried. Not all LFG is collected due to delays
in gas collection from initial waste placement and leaks in
the header pipes, extraction wells, and cover material.
Collected gas can be either flared or utilized for energy
recovery. As of 2005, there were 427 landfills out of 1654
municipal landfills in the United States with LFGTE projects
for a total capacity of 1260 MW. It is difficult to quantify
emissions with a high degree of certainty since emissions
result from biological processes that can be difficult to predict,
occur over multiple decades, and are distributed over a
relatively large area covered by the landfill.


CAA regulations require that all WTE facilities have the
latest in air pollution control equipment (5). Performance
data including annual stack tests and continuous emission
monitoring are available for all 87 WTE plants operating in
25 states. Since the early development of this technology,
there have been major improvements in stack gas emissions
controls for both criteria and metal emissions. The perfor-
mance data indicate that actual emissions are less than
regulatory requirements. Mass burn is the most common
and established technology in use, though various MSW
combustion technologies are described in ref 6. All WTE
facilities in the United States recover heat from the combus-
tion process to run a steam turbine and electricity generator.


Policy-makers appear hesitant to support new WTE
through new incentives and regulation. Of the 30 states that
have state-wide renewable portfolio standards, all include
landfill gas as an eligible resource, but only 19 include waste-
to-energy (7). While subjective judgments almost certainly
play a role in the preference for LFGTE over WTE, there is
a legitimate concern about the renewability of waste-to-
energy. While the production of methane in landfills is the
result of the anaerobic breakdown of biogenic materials, a
significant fraction of the energy derived from WTE results
from combusting fossil-fuel-derived materials, such as
plastics. Countering this effect, however, is significant
methane leakagesranging from 60% to 85%sfrom landfills
(8). Since methane has a global warming potential of 21 times
that of CO2, the CO2e emissions from LFGTE may be larger
than those from WTE despite the difference in biogenic
composition.


Although WTE and LFGTE are widely deployed and
analyzed in the literature (9-13), side-by-side comparison
of the life-cycle inventory (LCI) emission estimates on a mass
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per unit energy basis is unavailable. LCI-based methods have
been used to evaluate and compare solid waste management
(SWM) unit operations and systems holistically to quantify
either the environmental impacts or energy use associated
with SWM options in the broad context of MSW management
(14-16).


The purpose of this paper is to present a comprehensive
set of life-cycle emission factorssper unit of electricity
generatedsfor LFGTE and WTE. In addition, these emission
factors are referenced to baseline scenarios without energy
recovery to enable comparison of the emissions of LFGTE
and WTE to those of other energy sources. While the
methodology presented here is applicable to any country,
this analysis is based on U.S. waste composition, handling,
and disposal, with which the authors are most familiar. In
addition, parametric sensitivity analysis is applied to key input
parameters to draw robust conclusions regarding the emis-
sions from LFGTE and WTE. The resultant emission factors
provide critical data that can inform the development of
renewable energy policies as well as purchasing and invest-
ment decisions for renewable energy projects in the prevailing
marketplace.


Modeling Framework
The LFGTE and WTE emission factors are based on the
composition and quantity of MSW discarded in the United
States in 2005 (Table S1 of Supporting Information (SI)). We
excluded the estimated quantity and composition of recycled
and composted waste.


The emission factors are generated using the life-cycle-
based process models for WTE (17) and LF/LFGTE (18)
embedded in the municipal solid waste decision support
tool (MSW-DST). The MSW-DST was developed through a
competed cooperative agreement between EPA’s Office of
Research and Development and RTI International (19-22).
The research team included North Carolina State University,
which had a major role in the development of the LCI
database, process, and cost models as well as the prototype
MSW-DST. While a summary is provided here, Table S2 (SI)
provides a comprehensive set of references for those
interested in particular model details. The MSW-DST includes
a number of process models that represent the operation of
each SWM unit and all associated processes for collection,
sorting, processing, transport, and disposal of waste. In
addition, there are process models to account for the
emissions associated with the production and consumption
of gasoline and electricity. The objective of each process
model is to relate the quantity and composition of waste
entering a process to the cost and LCI of emissions for that
process. The LCI emissions are calculated on the basis of a
combination of default LCI data and user-input data to enable
the user to model a site-specific system. For example, in the
landfill process model, one key exogenous input is the
efficiency of the LFG collection system. The functional unit
in each process model is 1 ton of MSW set out for collection.
The MSW includes the nonhazardous solid waste generated
in residential, commercial, institutional, and industrial sectors
(3).


Each process model can track 32 life-cycle parameters,
including energy consumption, CO2, CO, NOx, SOx, total
greenhouse gases (CO2e), particulate matter (PM), CH4, water
pollutants, and solid wastes. CO2 emissions are represented
in two forms: fossil and biogenic. CO2 released from an-
thropogenic activities such as burning fossil fuels or fossil-
fuel-derived products (e.g., plastics) for electricity generation
and transportation are categorized as CO2-fossil. Likewise,
CO2 released during natural processes such as the decay of
paper in landfills is categorized as CO2-biogenic.


The management of MSW will always result in additional
emissions due to collection, transportation, and separation


of waste. However, for this analysis, the configuration of the
SWM system up through the delivery of the waste to either
a landfill or WTE facility is assumed to be same.


Electricity Grids. While LFGTE and WTE provide emis-
sions reductions relative to landfill scenarios without energy
recovery, the generation of electricity from these sources
also displaces conventional generating units on the electricity
grid. The process models in MSW-DST can calculate total
electricity generated and apply an offset analysis on the grid
mix of fuels specific to each of the North American Electric
Reliability Council (NERC) regions, an average national grid
mix, or a user-defined grid mix. Because our focus is on the
emissions differences between WTE and LFGTE technologies,
the emissions factors reported here exclude the displaced
grid emissions.


For reference purposes, emission factors for conventional
electricity-generating technologies are reported along with
the emission factors for WTE and LFGTE (23). These emission
factors on a per megawatt hour basis include both the
operating emissions from power plants with postcombustion
air pollution control equipment and precombustion emis-
sions due to extraction, processing, and transportation of
fuel. The background LCI data are collected on a unit mass
of fuel (23); when converted on a per unit of electricity
generated basis, the magnitude of resultant emissions
depends on the efficiency of the power plant. A sensitivity
analysis was conducted on plant efficiencies to provide ranges
for emission factors.


Estimating Emission Factors for Landfill Gas-to-Energy.
The total LCI emissions from landfills are the summation of
the emissions resulting from (1) the site preparation, opera-
tion, and postclosure operation of a landfill, (2) the decay
of the waste under anaerobic conditions, (3) the equipment
utilized during landfill operations and landfill gas manage-
ment operations, (4) the production of diesel required to
operate the vehicles at the site, and (5) the treatment of
leachate (18). The production of LFG was calculated using
a first-order decay equation for a given time horizon of 100
years and the empirical methane yield from each individual
waste component (18, 24). Other model inputs include the
quantity and the composition of waste disposed (Table S1,
SI), LFG collection efficiency (Table 1), annual LFG manage-
ment schedule (Figure 1), oxidation rate (Table 1), emission
factors for combustion byproduct from LFG control devices
(Table S3, SI), and emission factors for equipment used on
site during the site preparation and operation of a landfill.
While there are hundreds of inputs to the process models,
we have modified and conducted sensitivity analysis on the
input parameters that will affect the emission factors most
significantly.


The emission factors are calculated under the following
scenario assumptions: (1) A regional landfill subject to CAA
is considered. (2) A single cell in the regional landfill is
modeled. (3) Waste is initially placed in the new cell in year
0. (4) The landfill already has an LFG collection network in
place. (5) An internal combustion engine (ICE) is utilized to
generate electricity. (6) The offline time that is required for


TABLE 1. Inputs to the Landfill Process Model


LFG collection
system


efficiency a (%)
oxidation
rate (%)


during venting 0 15
during first year of gas collection 50 15
during second year of gas collection 70 15
during third year and on of gas collection 80 15


a We assumed efficiency of the collection system based
on the year of the operation and the ranges stated in U.S.
EPA’s AP-42 (8).
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the routine maintenance of the ICE is not considered. (7)
The LFG control devices are assumed to have a lifetime of
15 years. (8) The LFG will be collected and controlled until
year 65. This assumption is based on a typical landfill with
an average operating lifetime of 20 years in which LFG
production decreases significantly after about 60 years from
initial waste placement. This is based on the use of a first-
order decay equation utilizing empirical data from about 50
U.S. LFG collection systems.


The timing of LFG-related operations has significant
variation and uncertainty that will influence the total
emissions from landfills as well as the emission factors per
unit of electricity generated. To capture these uncertainties
and variation, several different management schemes were
tested. Figure 1 presents the different cases considered for
LFGTE projects. Each case differs according to the manage-
ment timeline of the LFG. For instance, LF-VENT 2-ICE 15
corresponds to no controls on LFG for the first two years,
after which the LFG is collected and flared in the third and
fourth years. From year 5 until year 19, for a period of 15
years, the LFG is processed through an ICE to generate
electricity, after which the collected gas is flared until year
65. Finally from year 65 on, the LFG is released to the
atmosphere without controls.


To quantify the emissions benefit from LFGTE and WTE,
landfill emissions occurring in the absence of an energy
recovery unit can serve as a useful comparison. Thus, three
baseline scenarios without electricity generation were defined
for comparison to the energy recovery scenarios: LF-VENT
100 (LFG is uncontrolled for the entire lifetime of the LF),
LF-VENT 2 (LFG is uncontrolled for the first two years, and
then the LFG is collected and flared until year 65), LF-VENT
4 (LFG is uncontrolled for the first four years, and then the
LFG is collected and flared until year 65). Since emissions
are normalized by the amount of electricity generated
(MW h) to obtain the emission rates, an estimate of
hypothetical electricity generation for the baseline scenarios
must be defined. The average electricity generation from a
subset of the energy recovery scenarios is used to calculate
the baseline emission rates. For example, emission factors
[g/(MW h)] for LF-VENT 2 are based on the average of
electricity generated in LF-VENT 2-ICE 15, LF-VENT 2-ICE
30, LF-VENT 2-ICE 45, and LF-VENT 2-ICE 60. Additional
sensitivity analysis was conducted on oxidation rates where
scenarios were tested for a range of 10-35%.


Estimating Emission Factors for Waste-to-Energy. The
total LCI emissions are the summation of the emissions
associated with (1) the combustion of waste (i.e., the stack
gas (accounting for controls)), (2) the production and use of
limestone in the control technologies (i.e., scrubbers), and
(3) the disposal of ash in a landfill (17).


Emissions associated with the manufacture of equipment
such as turbines and boilers for the WTE facility are found
to be insignificant (<5% of the overall LCI burdens) and, as
a result, were excluded from this analysis (25). In addition,
WTE facilities have the capability to recover ferrous material
from the incoming waste stream and also from bottom ash
with up to a 90% recovery rate. The recovered metal displaces
the virgin ferrous material used in the manufacturing of steel.
The emission offsets from this activity could be significant
depending on the amount of ferrous material recovered. Total
LCI emissions for WTE were presented without the ferrous
offsets; however, sensitivity analysis was conducted to
investigate the significance.


In the United States, federal regulations set limits on the
maximum allowable concentration of criteria pollutants and
some metals from MSW combustors (5). The LCI model
calculates the controlled stack emissions using either the
average concentration values at current WTE facilities based
on field data or mass emission limits based on regulatory
requirements as upper bound constraints. Two sets of
concentration values (Table S4, SI) are used in calculations
to report two sets of emission factors for WTE (i.e., WTE-Reg
and WTE-Avg). The emission factors for WTE-Reg were based
on the regulatory concentration limits (5), whereas the
emission factors for WTE-Avg were based on the average
concentrations at current WTE facilities.


The CO2 emissions were calculated using basic carbon
stoichiometry given the quantity, moisture, and ultimate
analysis of individual waste items in the waste stream. The
LCI model outputs the total megawatt hour of electricity
production and emissions that are generated per unit mass
of each waste item. The amount of electricity output is a
function of the quantity, energy, and moisture content of
the individual waste items in the stream (Table S1, Supporting
Information), and the system efficiency. A lifetime of 20 years
and a system efficiency of 19% [18000 Btu/(kW h)] were
assumed for the WTE scenarios. For each pollutant, the
following equation was computed:


FIGURE 1. Annual landfill gas management schedule assumed for alternative scenarios.


VOL. 43, NO. 6, 2009 / ENVIRONMENTAL SCIENCE & TECHNOLOGY 9 1713



http://pubs.acs.org/action/showImage?doi=10.1021/es802395e&iName=master.img-000.jpg&w=342&h=225





LCI _ WTEi )∑
j


{(LCI _ Stackij + LCI _ Limestoneij +


LCI _ Ashij) × Massj}/Elec for all i (1)


where LCI_WTEi is the LCI emission factor for pollutant i
[g/(MW h)], LCI_Stackij is the controlled stack gas emissions
for pollutant i (g/ton of waste item j), LCI_Limestoneij is the
allocated emissions of pollutant i from the production and
use of limestone in the scrubbers (g/ton of waste item j),
LCI_Ashij is the allocated emissions of pollutant i from the
disposal of ash (g/ton of waste item j), Massj is the amount
of each waste item j processed in the facility (ton), and Elec
is the total electricity generated from MSW processed in the
facility (MW h). In addition, the sensitivity of emission factors
to the system efficiency, the fossil and biogenic fractions of
MSW, and the remanufacturing offsets from steel recovery
was quantified.


Results and Discussion
The LCI emissions resulting from the generation of 1 MW h
of electricity through LFGTE and WTE as well as coal, natural
gas, oil, and nuclear power (for comparative purposes) were
calculated. The sensitivity of emission factors to various
inputs was analyzed and is reported. Figures 2-4 summarize
the emission factors for total CO2e, SOx, and NOx, respectively.


Landfills are a major source of CH4 emissions, whereas
WTE, coal, natural gas, and oil are major sources of CO2-
fossil emissions (Table S5, SI). The magnitude of CH4


emissions strongly depends on when the LFG collection
system is installed and how long the ICE is used. For example,
LF-VENT 2-ICE 60 has the least methane emissions among
LFGTE alternatives because the ICE is operated the longest
(Table S5, SI). CO2e emissions from landfills were significantly
higher than the emissions for other alternatives because of
the relatively high methane emissions (Figure 2, Table S5).


The use of LFG control during operation, closure, and
postclosure of the landfill as well as the treatment of leachate
contributes to the SOx emissions from landfills. SOx emissions
from WTE facilities occur during the combustion process
and are controlled via wet or dry scrubbers. Overall, the SOx


emissions resulting from the LFGTE and WTE alternatives


are approximately 10 times lower than the SOx emissions
resulting from coal- and oil-fired power plants with flue gas
controls (Figure 3). The SOx emissions for WTE ranged from
140 to 730 g/(MW h), and for LFGTE they ranged from 430
to 900 g/(MW h) (Table 2, Table S5). In a coal-fired power
plant, average SOx emissions were 6900 g/(MW h) (Table S6
and S7, SI). Another important observation is that the majority
of the SOx emissions from natural gas are attributed to
processing of natural gas rather than the combustion of the
natural gas for electricity-generating purposes.


The NOx emissions for WTE alternatives ranged from 810
to 1800 g/(MW h), and for LFGTE they ranged from 2100 to
3000 g/(MW h) (Figure 4, Table 2, Table S5). In a coal-fired
power plant, average NOx emissions are 3700 g/(MW h)
(Tables S6 and S7, Supporting Information). The emission
factors for other criteria pollutants were also calculated.
Besides CO and HCl emissions, the emission factors for all
LFGTE and WTE cases are lower than those for the coal-fired
generators (Tables S5-S8, SI).


While we have provided a detailed, side-by-side com-
parison of life-cycle emissions from LFGTE and WTE, there
is an important remaining question about scale: How big an
impact can energy recovery from MSW make if all of the
discarded MSW (166 million tons/year) is utilized? Hypo-
thetically, if 166 million tons of MSW is discarded in regional
landfills, energy recovery on average of ∼10 TW h or ∼65
(kW h)/ton of MSW of electricity can be generated, whereas
a WTE facility can generate on average ∼100 TW h or ∼600
(kW h)/ton of MSW of electricity with the same amount of
MSW (Table 3). WTE can generate an order of magnitude
more electricity than LFGTE given the same amount of waste.
LFGTE projects would result in significantly lower electricity
generation because only the biodegradable portion of the
MSW contributes to LFG generation, and there are significant
inefficiencies in the gas collection system that affect the
quantity and quality of the LFG.


Moreover, if all MSW (excluding the recycled and
composted portion) is utilized for electricity generation,
the WTE alternative could have a generation capacity of
14000 MW, which could potentially replace ∼4.5% of the
313000 MW of current coal-fired generation capacity (26).


FIGURE 2. Comparison of carbon dioxide equivalents for LFGTE, WTE, and conventional electricity-generating technologies (Tables
S5-S8, Supporting Information, include the full data set).
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A significant portion of this capacity could be achieved
through centralized facilities where waste is transported
from greater distances. The transportation of waste could
result in additional environmental burdens, and there are
clearly limitations in accessing all discarded MSW in the
nation. Wanichpongpan studied the LFGTE option for
Thailand and found that large centralized landfills with
energy recovery performed much better in terms of cost
and GHG emissions than small, localized landfills despite
the increased burdens associated with transportation (13).
To quantify these burdens for the United States, emission
factors were also calculated for long hauling of the waste
via freight or rail. Table S9 (SI) summarizes the emission
factors for transporting 1 ton of MSW to a facility by heavy-
duty trucks and rail.


Sensitivity analysis was also conducted on key inputs.
With incremental improvements, WTE facilities could
achieve efficiencies that are closer to those of conventional
power plants. Thus, the system efficiency was varied from
15% to 30%, and Table 2 summarizes the resulting LCI
emissions. The variation in efficiencies results in a range
of 470-930 kW h of electricity/ton of MSW, while with the
default heat rate; only 600 (kW h)/ton of MSW can be
generated. The efficiency also affects the emission factors;
for example, CO2-fossil emissions vary from 0.36 to 0.71
Mg/(MW h).


The emission savings associated with ferrous recovery
decreased the CO2e emissions of the WTE-Reg case from
0.56 to 0.49 MTCO2e/(MW h). Significant reductions were
observed for CO and PM emissions (Table 2).


FIGURE 3. Comparison of sulfur oxide emissions for LFGTE, WTE, and conventional electricity-generating technologies (Tables
S5-S8, Supporting Information, include the full data set).


FIGURE 4. Comparison of nitrogen oxide emissions for LFGTE, WTE, and conventional electricity-generating technologies (Tables
S5-S8, Supporting Information, include the full data set).
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The composition of MSW also has an effect on the
emission factors. One of the controversial aspects of WTE is
the fossil-based content of MSW, which contributes to the
combustion emissions. The average composition of MSW as
discarded by weight was calculated to be 77% biogenic- and
23% fossil-based (Table S1, SI). The sensitivity of emission
factors to the biogenic- vs fossil-based waste fraction was
also determined. Two compositions (one with 100% biogenic-
based waste and another with 100% fossil-based waste) were
used to generate the emission factors (Table 2). The CO2e
emissions from WTE increased from 0.56 MTCO2e/(MW h)
(WTE-Reg) to 1.5 MTCO2e/(MW h) when the 100% fossil-
based composition was used (Table 2, Figure 2). However,
the CO2e emissions from WTE based on 100% fossil-based
waste were still lower than the most aggressive LFGTE
scenario (i.e., LF-VENT 2-ICE 60) whose CO2e emissions were
2.3 MTCO2e/(MW h).


The landfill emission factors include the decay of MSW
over 100 years, whereas emissions from WTE and conven-
tional electricity-generating technologies are instantaneous.
The operation and decomposition of waste in landfills
continue even beyond the monitoring phases for an indefinite
period of time. Reliably quantifying the landfill gas collection
efficiency is difficult due to the ever-changing nature of


landfills, number of decades that emissions are generated,
and changes over time in landfill design and operation
including waste quantity and composition. Landfills are an
area source, which makes emissions more difficult to monitor.
In a recent release of updated emission factors for landfill
gas emissions, data were available for less than 5% of active
municipal landfills (27). Across the United States, there are
major differences in how landfills are designed and operated,
which further complicates the development of reliable
emission factors. This is why a range of alternative scenarios
are evaluated with plausible yet optimistic assumptions for
LFG control. For WTE facilities, there is less variability in the
design and operation. In addition, the U.S. EPA has data for
all the operating WTE facilities as a result of CAA requirements
for annual stack testing of pollutants of concern, including
dioxin/furan, Cd, Pb, Hg, PM, and HCl. In addition, data are
available for SO2, NOx, and CO from continuous emissions
monitoring. As a result, the quality and availability of data
for WTE versus LFGTE results in a greater degree of certainty
for estimating emission factors for WTE facilities.


The methane potential of biogenic waste components
such as paper, food, and yard waste is measured under
optimum anaerobic decay conditions in a laboratory study
(24), whose other observations reveal that some portion of


TABLE 2. Sensitivity of Emission Factors for WTE to Plant Efficiency, Waste Composition, and Remanufacturing Benefits of Steel
Recovery


Sensitivity on


baseline factors system efficiency waste composition steel recovery


Input Parameters Varieda


heat rate [Btu/(kW h)] 18000 18000 [11000, 23000] 18000 18000 18000 18000
efficiency (%) 19 19 [15, 30] 19 19 19 19
composition default default default all biogenic all fossil default default
stack gas limits reg avg reg/avg reg reg reg avg
steel recovery excludes excludes excludes excludes excludes includes includes


Results: Criteria Pollutants


CO [g/(MW h)] 790 790 [500,1000] 740 880 -110 -110
NOx [g/(MW h)] 1300 1500 [810, 1800] 1200 1400 1200 1400
SOx [g/(MW h)] 578 221 [140, 730] 550 620 450 90
PM [g/(MW h)] 181 60 [38, 230] 180 190 -190 -310


Results: Greenhouse Gases


CO2-biogenic [Mg/(MW h)] 0.91 0.91 [0.58, 1.2] 1.5 0.03 0.91 0.91
CO2-fossil [Mg/(MW h)] 0.56 0.56 [0.36, 0.71] 0.02 1.5 0.49 0.49
CH4 [Mg/(MW h)] 1.3E-05 1.3E-05 [8.1E-06, 1.6E-05] 1.6E-05 7.9E-06 -5.0E-05 -5.0E-05
CO2e [MTCO2e/(MW h)] 0.56 0.56 [0.36, 0.71] 0.02 1.45 0.49 0.49


Results: Electricity Generation


TW h b 98 98 [78, 160] 61 37 98 98
(kW h)/ton 590 590 [470, 930] 470 970 590 590
GW c 12 12 [9.7, 20] 7.6 4.7 12 12


a For each sensitivity analysis scenario, the input parameters in italics were modified and resultant emission factors were
calculated and are reported. b The values represent the TWh of electricity that could be generated from all MSW disposed
into landfills. c 1 TWh/8000 h ) TW; a capacity factor of approximately 0.91 was utilized.


TABLE 3. Comparison of Total Power Generated


total electricity generated
from 166 million tons of MSW, TW h total power a, GW electricity generated from


1 ton of MSW, (kW h)/ton


waste-to-energy 78-160 9.7-19 470-930
landfill-gas-to-energy 7-14 0.85-1.8 41-84


a 1 TW h/8000 h ) TW; a capacity factor of approximately 0.91 was utilized.
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the carbon in the waste does not biodegrade and thus this
quantity gets sequestered in landfills (28). However, there
is still a debate on how to account for any biogenic
“sequestered” carbon. Issues include the choice of ap-
propriate time frame for sequestration and who should be
entitled to potential sequestration credits. While important,
this analysis does not assign any credits for carbon
sequestered in landfills.


Despite increased recycling efforts, U.S. population growth
will ensure that the portion of MSW discarded in landfills
will remain significant and growing. Discarded MSW is a
viable energy source for electricity generation in a carbon-
constrained world. One notable difference between LFGTE
and WTE is that the latter is capable of producing an order
of magnitude more electricity from the same mass of waste.
In addition, as demonstrated in this paper, there are
significant differences in emissions on a mass per unit energy
basis from LFGTE and WTE. On the basis of the assumptions
in this paper, WTE appears to be a better option than LFGTE.
If the goal is greenhouse gas reduction, then WTE should be
considered as an option under U.S. renewable energy policies.
In addition, all LFTGE scenarios tested had on the average
higher NOx, SOx, and PM emissions than WTE. However,
HCl emissions from WTE are significantly higher than the
LFGTE scenarios.


Supporting Information Available
MSW composition, physical and chemical characteristics
of waste items, detailed LCI tables and sensitivity results,
and emission factors for long haul of MSW. This material
is available free of charge via the Internet at http://
pubs.acs.org.
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EXECUTIVE SUMMARY 


 
The purpose of this study is to answer the question of whether recycling and waste-to-energy 
are compatible waste management strategies. Critics of waste-to-energy have argued the 
presence of a waste combustion facility in an area inhibits recycling and is an obstacle to 
communities’ efforts to implement active recycling programs. As this study will show, this 
contention has no basis in fact. In an examination of recycling rates of more than 500 
communities in twenty-two states, which rely on waste-to-energy for their waste disposal, it is 
demonstrated that these communities recycle at a rate higher than the national average. Many 
of these areas have recycling rates at least three to five percentage points above the national 
average and in some cases are leading the country in recycling. The study concludes that 
recycling and waste-to-energy are compatible waste management strategies, which are part of 
an integrated waste management approach in many communities across the United States.  
 
 
Key Findings: 


 
• The study covers 82 waste-to-energy facilities in 22 states.  Recycling data was obtained 


from 567 local governments, including 495 cities, towns and villages and 72 counties, 
authorities or districts.  In addition, statewide data was obtained for each of the 22 
states.  


 
• Communities nationwide using waste-to-energy have an aggregate recycling rate at 


least 5 percentage points above the national average.  
 
• Communities using waste-to-energy for disposal are recycling at about 33.3%, which is 


higher than the national rate, no matter how the national rate is calculated as shown in 
Figure ES-1.  


 


• The unadjusted U.S. EPA computed national recycling rate is computed using a waste 
stream model and includes certain commercial/industrial components and yard waste. 
These materials are often excluded in individual state and local recycling tonnages. 
Therefore Figure ES-1also includes an adjusted EPA rate, which excludes these tonnages, 
adjusting the rate downwards. Table ES-1 shows aggregated state specific recycling 
rates of waste-to-energy communities.  


 
• Almost all communities using waste-to-energy provide their residents an opportunity to 


recycle and most have curbside collection of recyclables. In fact, some of these 
communities are leaders in the adoption of innovative recycling programs, such as single 
stream collection and food waste collection and composting. The coincident nature of 
recycling programs and waste-to-energy in each community is evidence that these two 
waste management strategies are compatible. 


 
• Recycling rates in waste-to-energy communities closely track the statewide recycling 


rate in the state where they are located as shown in Figure ES-2. State solid waste 
policies and programs, not whether a community relies on waste-to-energy as a 
disposal option, appear to be a key determinant of local recycling behaviors and rates.  
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FIGURE ES–1  
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TABLE ES–1  
 


Recycling Rates in Communities Using  
Waste-to-Energy Facilities by State 


 


State Recycling Rate* Number of Plants** 


Alabama 34.2% 1 


California 44.6% 3 


Connecticut 27.2% 6 


Florida 26.2% 11 


Hawaii 31.3% 1 


Indiana 34.7% 1 


Maine 26.6% 4 


Maryland 43.0% 3 


Massachusetts 33.6% 7 


Michigan 25.2% 1 


Minnesota 43.1% 9 


New Hampshire 10.4% 2 


New Jersey 35.4% 5 


New York 36.1% 10 


North Carolina 24.3% 1 


Oregon 54.4% 1 


Pennsylvania 30.0% 6 


South Carolina 29.5% 1 


Utah 3.4% 1 


Virginia 34.2% 5 


Washington 43.0% 1 


Wisconsin*** 30.8% 2 


TOTAL 33.2% 82 


* New Hampshire, New York, North Carolina, Utah and Wisconsin have no commercial tonnages 


included due to lack of local data.  In other States, commercial data is uneven.  ** Three plants are 
excluded due to unavailability of recycling data.  If the RDF and waste combustion facilities are 


separate, only RDF plant included.  *** Data from two Minnesota counties sending waste to a waste-
to-energy plant are included in Wisconsin data. 
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FIGURE ES–2 


Recycling Rates: Communities with Waste-to-


Energy vs. Statewide Recycling Rates
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INTRODUCTION 


 
Recycling is a cornerstone of solid waste policy across the United States.  Residents, institutions 
and businesses in every urbanized area of the country, as well as in many rural areas, have the 
opportunity to recycle.  In addition, localities in 25 states rely on waste-to-energy (WTE) as part 
of an integrated waste management strategy.  These plants not only offer a secure disposal 
option, but also provide a locally based source of energy for scores of homes and public and 
private sector enterprises.  In the current era of unstable energy and commodity prices, 
recycling and waste-to-energy are complementary policies, supporting sustainability and long-
term resource conservation.  
 
However, despite the exponential growth of residential and commercial recycling programs over 
the last decade in all areas of the country, critics of waste-to-energy have argued that a waste-
to-energy plant in a given region thwarts or inhibits recycling efforts, since waste is needed to 
“feed” the plant.  These critics argue that, due to the need for waste, there is little incentive for 
localities using these plants to invest in recycling, thereby diverting waste away from the WTE 
plant 
 
This study examines the relationship between recycling and the use of waste-to-energy by a 
local government.  If the critics are correct, then communities using waste-to-energy facilities 
should have lower recycling rates than those that do not and should perform below national 
averages with respect to recycling. To address this question, the study surveyed communities 
relying on waste-to-energy plants for disposal and also obtained statewide and national 
recycling data. 
 
 
STUDY APPROACH AND METHODOLOGY  
 
The purpose of the study is to determine whether there is a relationship between levels of 
recycling and reliance on waste-to-energy for disposal.  In order to answer this question, one 
first has to select a measure of recycling and then, using this measure, compare specific 
communities using waste-to-energy to regional or state and national levels of recycling.  
 
Thus, the study had three main steps:  


1) Determine an appropriate measure of recycling to be applied on the state and local level;  
2) Delineate communities using waste-to-energy and determine their level of recycling; and 
3) Obtain statewide and national recycling levels for purposes of comparison. 


                                                 
1 The author is president of Governmental Advisory Associates, Inc., Westport, CT. This work was 
partially funded by the Energy Recovery Council, Washington DC. 
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What is a Recycling Rate? 
 
This study uses the recycling rate as a measure of the level of recycling in a community.  There 
are various definitions of a recycling or recovery rate2.  
 
As used in this paper, the recycling rate encompasses only those materials found in municipal 
solid waste stream. It is defined as the percentage of tonnage recycled of the total tonnage of 
materials generated in the municipal waste stream.  Because a measure of waste generation is 
often difficult to obtain, this study uses the sum of the tonnage disposed plus tonnage recycled 
or recovered as the “tons generated.”  
 
The recycling rate is calculated by totaling the tons of materials recycled across individual 
communities and dividing this total by the sum of tons of materials recycled plus tons disposed 
by these communities, i.e., recycling rate = tons recycled/ (tons disposed + tons recycled).  
The rates used in this paper are based on tonnages of materials that are actually recycled or 
disposed and do not as include credits for material reuse or reduction.3 
 
There are two national recycling rates that are often used for purposes of comparison. They are 
the U.S. Environmental Protection Agency (EPA) rate and a rate that is periodically calculated by 
BioCycle Magazine, based on a nationwide survey of states. 
 
The EPA Recovery (Recycling) Rate4 
The EPA national rate is derived using a materials flow model and does not solely rely on direct 
tonnage measurements. It includes waste and recyclables from residential, commercial and 
institutional sources. Thus, for example, fiber generated and recovered from print companies or 
direct mail companies as well as corrugated cardboard recovered at the source and sent directly 
to fiber mills for reuse in the manufacturing process is captured in the EPA rate. Furthermore, 
the EPA rate includes metals found in appliances, furniture, tires, batteries as well as wood 
waste recycled from various sources. Finally, the EPA rate includes yard waste, food and other 
organics. Explicitly excluded from EPA calculations are construction and demolition (C&D) waste 
recovery and disposal. To the extent possible, this study follows the EPA definition of waste 
categories to be included in the calculation of a recycling rate. 
 
However, because EPA is focused on deriving a national recycling rate from a materials flow 
perspective, it is able to derive total tonnages by calculating the production quantities of various 
materials found in the municipal waste stream and the amounts of these materials that are 
recovered. Dividing materials into durable and non-durable goods, EPA obtains much of its data 
from surveys of national manufacturing and trade associations specializing in particular 
materials, both in terms of production and recovery statistics.  


                                                 
2 The two main national rates cited are those of the U.S. Environmental Protection Agency and one 
calculated by BioCycle Magazine. Individual states use variations of the site-specific method. 
3 Certain states in calculating recycling rates give tonnage or percentage credits for waste re-use, waste 
transformation, or the existence of certain types of recycling programs. 
4 U. S. Environmental Protection Agency, Solid Waste and Emergency Response.  Methodology for MSW 
Characterization Numbers  http://www.epa.gov/epaoswer/non-hw/muncpl/msw99.htm 
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This data is national in scope and cannot be disaggregated into state and local components. It 
provides a national benchmark, but includes data that is often not available to state and local 
governments. Many local governments do not track commercial or industrial recycling. Even if 
they do attempt to extract tonnage data from commercial enterprises, data collection may be 
incomplete or sporadic. In particular, business-to-business recycling is difficult for governmental 
agencies to measure. For example, corrugated cardboard may be separated at various retail or 
wholesale locations, picked up by a private hauler and sent directly to a port for export or to a 
mill, circumventing any processing facilities. Often the local jurisdiction will have no record of 
this type of recycling, despite the large amount of tonnage, such recycling involves.  
 
In contrast to the EPA approach, when states and local governments calculate their data on 
waste generation, disposal and recycling, they rely on tonnage data obtained from disposal sites 
and other waste facilities within their states. They may not capture the breadth of materials 
included in the EPA analysis. According to the EPA data, the commercial sector has shown very 
high rates of recycling, particularly with respect to corrugated cardboard. However, state and 
local government reporting systems may not capture these recycling efforts. Thus, recycling 
tonnages may be underreported. In addition, many states do not separate wood wastes and 
bulky wastes from their construction and demolition waste category. While these recoverable 
waste streams are included in the national EPA recovery rate, they are not broken out on a 
state and local level. Finally, many states and localities are not yet tracking yard waste 
composting tonnage. Again, such tonnage may be missing from specific rates calculated within 
this report, further depressing the recycling rates given the high tonnages and rate of recovery 
of organics reported on a national basis. 
 
Thus, the EPA approach to measurement of recycling cannot be applied to state and local 
programs. Rather, in order to obtain data on recycling, one must rely on site-specific tonnage 
data.  
 
Adjusted EPA Recycling Rate 
For the purposes of comparison, an attempt is made to adjust the EPA rate in order that it more 
closely matches the recycling data that is collected by state and local solid waste agencies. Two 
adjustments to the rate are made. First, the recovered tonnage represented by non-retail 
corrugated cardboard, included in the EPA rate, is reduced. Second the recovered tonnage of 
durable metals, found in commercial/industrial streams is reduced. The remaining tonnages are 
totaled and divided by EPA’s calculated waste generation number and an adjusted recovery rate 
is derived. Using this approach, the adjusted EPA rate is 27.8%. 
 
More specifically, according to the EPA data, approximately 44 million tons out of the 81.8 
million tons recovered in 2006 or 54% is made up of paper and paperboard.5 Of that 44 million 
tons of fiber products, about 23 million tons are corrugated boxes.6 A good portion of these 
corrugated boxes go back to manufacturers or fiber mills in a closed loop process, bypassing 
any state of local record keeping.  According to the American Forest and Paper Association, 
which assists the U.S. EPA in the compilation of these paper and paperboard statistics, about 


                                                 
5 U.S. Environmental Protection Agency. “MSW Generation, Recycling, and Disposal in the U.S.: Facts and Figures. 
http://www.epa.gov/osw/nonhaz/municipal/pubs/msw06.pdf., p.6 
6 U.S. Environmental Protection Agency: “Municipal Waste Characterization-2006 Report: 2006 Data Tables. 
http://www.epa.gov/osw/nonhaz/municipal/pubs/06data.pdf. Table 4. 
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75% of the corrugated cardboard produced in the United States is directly recycled at the mill, 
factory, wholesale level or retail level.7 Thus, only 25% of the recycled corrugated would be 
managed through the municipal waste stream. Using the more conservative estimate that 50% 
of the corrugated cardboard tonnage reported by EPA is recovered as part of the municipal 
waste system, EPA recovered tonnage totals are reduced accordingly and 11.3 million tons are 
subtracted from the total amount recovered. In addition, 10% of the tons of ferrous and non-
ferrous metals found in durable goods are also subtracted from the EPA recovered totals, since 
it is conservatively estimated that this percentage represents waste that is recovered from 
industrial or commercial sources and normally outside the municipal waste stream. In making 
these two modifications, the EPA categories more closely match those that are reported by 
state and local governments. The new adjusted rate provides a benchmark, which more closely 
tracks the waste under state and local record keeping management. 
 
The BioCycle Recycling Rate8 
A second national recycling rate that is periodically published is the rate compiled by BioCycle 
Magazine. Calculations are based on specific state level data. BioCycle’s rate is developed from 
responses to surveys sent to state level officials, in which aggregated statewide data is obtained 
The national rate is calculated by summing the waste generation and recycling tonnage, 
respectively, for all states. BioCycle also focuses only on the municipal waste stream, excluding 
C&D waste. However, in contrast to the EPA analysis, the BioCycle survey does not rely on 
production data, but uses state level waste stream and recycling data.  
 
This study follows the BioCycle approach and uses actual state and local waste disposal and 
recycling tonnage. The specifics of the methodology are discussed below. 
 
CALCULATING THE RECYCLING RATE 
 
In this study, the local and statewide recycling rates are derived from actual tonnages provided 
by governmental entities, private waste hauling firms and recycling processors. The array of 
local communities relying on waste-to-energy is drawn from the author’s own database of 
waste-to-energy facilities, as well as state and local reports.9 
 
Community Specific Data10 
This study goes beyond other surveys in that it includes specific disposal and recycling tonnage 
data for those localities, counties or districts which rely on waste-to-energy for disposal for all 
or a portion of their municipal waste stream. All municipal waste disposal tonnage is included 
for each community. Similar to disposal tonnages, actual recycling tonnages is obtained on a 
community-level basis. Based on disposal and recycling amounts, a recycling rate is calculated 
for each locality. Further, tonnage is aggregated to calculate a recycling rate for the group of 
localities or counties using a particular waste-to-energy facility. In the case, where a state has 


                                                 
7 Interview, Stan Lancey, Chief Economist, American Forest and Paper Association, September 2008. 
8 Ljupka Arsova, Rob van Haaren, Nora Goldstein, Scott M. Kaufman, Nickolas J. Themelis. “The State of 


Garbage in America”. BioCycle, December 2008, vol. 49, no.12, p.22. 
9 Eileen Brettler Berenyi, Municipal Waste Combustion in the United States: 2005-2006 Yearbook and 
Directory (Westport, CT: Governmental Advisory Associates, Inc. 2006). Two facilities in temporary 


closure at time of study are not included. Specific reports for each state are listed in the reference section.  
10 All data is from 2006 as this is the last year for which the BioCycle data is available. If 2006 data did not exist, 
tonnages from the most recent year were used. 
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multiple waste-to-energy facilities, disposal and recycling tonnages are aggregated to a state 
level.  
 
In each case, tonnage is obtained directly from the state, county, district or locality. State and 
local recycling reports as well annual financial reports or budgets are used. Key state and local 
personnel were contacted and interviewed to gain access to unpublished local level data or to 
secure specific explanations of existing information. Additional sources, including reports and 
interviews with private recycling firms and data from recycling processing facilities are used. In 
conjunction with state and local solid waste officials, efforts are made to follow the EPA 
definition in terms of types of wastes included. Finally, using interviews, published reports, or 
web sites, the study notes the types of recycling programs in each area, i.e. curbside collection 
of recyclables, yard waste collection, or recycling center access. 
 
Statewide Data 
Statewide data is obtained largely from published annual reports provided by state agencies. 
Attention is paid to ensure that similar waste stream definitions are used across all states. In 
some cases, multiple sources of data are used in order to segregate waste stream categories to 
be included in calculations. As with the local level data, there is great variation in the coverage 
of statewide data. In one case, no current state information could be found, and the published 
BioCycle data was used. In almost every state, data is aggregated from annual reports 
submitted by local reporting units. 
 


FINDINGS 
 
Overall, communities using 82 waste-to-energy plants in 22 states were surveyed. In total, 
disposal and recycling data were obtained from a total of 567 municipal authorities, including 72 
counties or solid waste districts and 495 cities, towns and villages. Total population covered by 
the study was 41.5 million people. Two facilities in Michigan and a facility in Iowa are excluded 
from the study due to insufficient data. 
 
Table 1 breaks down number of plants, number of local governments serviced by these plants 
and populations included in the study by state. Efforts were made to include all communities 
using a plant, but in certain cases communities were excluded due to insufficient data. As can 
be seen, Florida, New York, Pennsylvania and Connecticut are states that have made a 
significant commitment to waste-to-energy as a disposal alternative.  However, even in areas 
where there is a waste-to-energy facility, landfills are relied upon to handle excess waste or as 
a back-up disposal option.  Thus in very few instances do localities represented rely entirely on 
waste-to-energy for disposal. 
 
 
 
 
 
 
 







  


 


 6 


TABLE 1 
Number of Facilities, Local Government and Population Included in Study 


State Number of WTE 


Plants Included* 


Included Localities with 


WTE facility  


Population of localities 


included in survey 


Alabama 1 2 298,192 


California 3 5 2,082,069 


Connecticut 6 184 3,081,621 


Florida 11 10 8,494,222 


Hawaii 1 1 899,593 


Indiana 1 1 860,454 


Maine 4 58 630,669 


Maryland 3 4 1,952,955 


Massachusetts 7 158 3,239,216 


Michigan 1 1 596,666 


Minnesota 9 27 3,376,057 


New Hampshire 2 34 199,312 


New Jersey 5 5 2,182,216 


New York 10 14 4,275,024 


North Carolina 1 2 179,553 


Oregon 1 1 305,265 


Pennsylvania 6 7 4,869,512 


South Carolina 1 1 331,917 


Utah 1 1 268,187 


Virginia 5 13 2,659,944 


Washington 1 1 440,706 


Wisconsin** 2 35 250,275 


TOTAL 82 567 41,473,625 


* Three plants are excluded due to unavailability of recycling data.  If the RDF and waste combustion facilities 


are separate, only RDF plant included. ** Data from two Minnesota counties sending waste to a waste-to-


energy plant are included in Wisconsin data. 


 


Comparison of WTE Community Recycling Rates to National Recycling Rates 
 
For WTE communities, recycling rates and the tonnage upon which they are based are 
aggregated to state level as shown in Table 2. The overall recycling rate for waste-to-energy 
communities shown at the bottom of the table is 33.2%.  However, it must be reiterated that 
depending on the state or locality, tonnages shown on Table 2 may not include any commercial 
recycling or yard waste composting. Based on national averages, both of these types of 
recycling constitute large quantities with high rates of recovery and would certainly add to 
overall recycling rates. With these amounts included in all local and state calculations, overall 
recycling rates in the communities shown might rise as much as five to seven percentage points.  
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TABLE 2 
Recycling Rates in Communities Using Waste-to-Energy Facilities 


State 
Recycling 
Rate* Tons Recycled MSW Disposed Number of Plants ** 


Alabama 34.2% 65,100 125,000 1 
California 44.6% 1,694,873 2,107,444 3 
Connecticut 27.2% 907,213 2,422,708 6 
Florida 26.2% 3,184,586 8,978,107 11 
Hawaii 31.3% 415,372 910,817 1 
Indiana 34.7% 163,450 308,199 1 
Maine 26.6% 96,788 266,984 4 
Maryland 43.0% 1,614,668 2,139,967 3 
Massachusetts 33.6% 1,607,923 3,184,527 7 
Michigan 25.2% 245,360 730,000 1 
Minnesota 43.1% 1,685,268 2,220,804 9 
New Hampshire 10.4% 18,068 154,974 2 
New Jersey 35.4% 922,143 1,682,033 5 
New York 36.1% 1,874,923 3,185,184 10 
North Carolina 24.3% 27,629 86,100 1 
Oregon 54.4% 259,438 477,137 1 
Pennsylvania 30.0% 1,863,423 4,348,366 6 
South Carolina 29.5% 132,008 314,812 1 
Utah 3.4% 8,917 265,138 1 
Virginia 34.2% 1,119,532 2,150,031 5 
Washington 43.0% 258,810 340,533 1 
Wisconsin*** 30.8% 35,436 79,494 2 


TOTAL 33.2%  18,200,927 36,611,984 82 


* New Hampshire, New York, North Carolina, Utah and Wisconsin have no commercial tonnages included 
due to lack of local data.  In other states, commercial data is uneven. ** Three plants are excluded due to 


unavailability of recycling data.  If the RDF and waste combustion facility are separate, only RDF plant 
included. *** Data from two Minnesota counties sending waste to waste-to-energy plant included in 


Wisconsin data. 
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Figure 1 graphically compares the recycling percentage of WTE communities to the U. S. EPA’s 
unadjusted and adjusted nationwide recycling rate as well as to the BioCycle’s measure.  One 
observes that the WTE communities’ recycling rate exceeds both the EPA and BioCycle national 
percentages, which are 32.5% and 28.6% respectively. While the unadjusted EPA rate is 
provided for comparison purposes, the adjusted EPA rate, also shown on the figure, more 
closely reflects the municipal waste stream.  Interestingly, at 27.8%, it closely corresponds to 
the rate reported by BioCycle, using state based tonnage. However the BioCycle rate remains 
the more appropriate measure, since it is obtained using a similar methodology to that 
employed in this study.  
 
Waste-to-energy communities have a recycling rate which exceeds the EPA rate despite the fact 
that the rate shown for these communities does not include significant commercial recycling 
tonnages. Downwardly adjusting the EPA rate to account for commercial/industrial 
tonnage, one observes that WTE communities have an average rate that is 5.4 
percentage points greater than the EPA rate. Similarly, waste-to-energy communities 
have an aggregated recycling rate nearly five percentage points above the national average 
reported by BioCycle.  On an aggregate basis communities relying on waste-to-energy are 
recycling at higher rates than the national averages, no matter how these averages are 
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calculated. In addition, on a state-by-state basis many individual communities are recycling at 
rates well above the national averages.  
 
Impact of Waste-to-Energy on Statewide Recycling Rates 
 
In order to further examine the question of how the existence of a waste-to-energy plant in a 
given region may impact levels of recycling, a statewide recycling rate for all communities in the 
state was calculated for those states in which the waste-to-energy facilities are located. If 
waste-to-energy does depress recycling rates, than one would expect that states which have a 
high reliance on waste-to-energy would have lower recycling rates than those states which have 
lower percentages of their MSW disposed by communities using waste-to-energy plants. 
 
Table 3 shows the percentage of statewide MSW disposed by the waste-to-energy communities 
within the state as well as the statewide recycling rate for all communities across the state. 
States are listed in order of their statewide recycling rate with the states having the highest 
recycling rates at the top, and those with the lowest at the bottom. If reliance on waste-to-
energy has an impact on recycling rates, than the states near the top of the list, which have the 
highest recycling rates, should have the lowest percentage of the waste going to waste-to-
energy facilities, while those states towards the bottom of the list with lower recycling rates, 
should have a higher percentage of their waste disposed by communities using waste-to-energy. 
A quick perusal of the table shows that this is not the case. Both Maryland and Minnesota have 
over 40% of their MSW disposed by communities relying on waste-to-energy, but also have 
among the highest recycling rates of the 22 states. Similarly, states with minimal reliance on 
waste-to-energy have low recycling rates. 
 


 


TABLE 3 
Ranking of Statewide Recycling Rates with Percentage  


of Statewide MSW Represented by Waste-to-Energy Communities 
 


State 


% State MSW Disposal Disposed by 
WTE Communities in Study* 


Statewide Recycling 
Rate for All 


Communities 


California 4.5% 44.4% 


Oregon 14.8% 43.8% 


Washington 6.5% 43.0% 


Maryland 47.8% 41.2% 


Minnesota 54.2% 39.8% 


New Jersey 23.7% 35.9% 


Indiana 3.9% 35.0% 


Massachusetts 52.9% 33.3% 


Virginia 35.8% 32.7% 


South Carolina 9.1% 31.0% 


Connecticut 85.0% 30.3% 


Pennsylvania 43.3% 28.7% 


New York 31.9% 26.6% 
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Wisconsin 1.6% 25.7% 


Hawaii 72.9% 23.4% 


Florida 36.0% 22.1% 


New Hampshire 24.7% 20.9% 


Michigan 6.1% 20.0% 


Maine 38.4% 17.1% 


Utah 11.3% 14.2% 


North Carolina 1.0% 12.0% 


Alabama 2.0% 8.5% 


 
*Includes all MSW disposed by selected communities. 
 


FIGURE 2 
Impact of Waste-to-Energy on Statewide Recycling Rates 
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Figure 2 graphs the same data that is shown in tabular form. The percentages along the bottom 
of the table depict the percentages of state MSW handled by waste-to-energy communities 
within the state. The vertical percentages are the statewide recycling rates. Each point is the 
state recycling rate and the percentage of statewide MSW represented by waste-to-energy 
communities in the state. If critics of waste-to-energy are correct, than states with high 
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recycling rates should be found in the upper left of the graph, which represent states that rely 
on little or no WTE for disposal, while states with low recycling rates should be found in the 
lower right portion of the graph, which represents states that dispose of a high percentage of 
their waste through WTE. The data should be falling along a line sloping downward from the 
upper left to the lower right of the figure. The information simply does not bear out this 
conclusion. As one moves horizontally across the graph, there are various recycling rates 
represented in each category, with little discernible pattern. Reliance on waste-to-energy 
appears to have no impact on statewide recycling behavior. In fact, some of the states with the 
lowest level of recycling also have only a small portion of their waste going to WTE facilities.  
 
Comparison of State Recycling Rates to Recycling rates of WTE Communities 
 


While reliance on waste-to-energy has no impact on the level of recycling within a state, are 
there any patterns in recycling behavior which do emerge among communities which rely on 
waste-to-energy? One method by which to address the question is to compare recycling rates of 
communities using waste-to-energy in a particular state with the aggregate statewide recycling 
rate of communities across the state. Again if critics are correct, than recycling rates for 
communities relying on waste-to-energy within a state should be below the statewide rate, 
which represents the aggregate of all communities within the state. Figure 3 graphs this 
comparison. This figure points to the conclusion that with few exceptions, recycling rates in 
waste-to-energy communities are similar to the statewide rate.  
 
It appears that the implementation of statewide recycling policies is closely associated with local 
recycling levels, whether or not these communities are sending their waste to a waste-to-
energy facility or to a landfill or transfer station. Waste to energy is one component of an 
integrated waste management strategy. Statewide recycling mandates, grant and loan 
programs, landfill diversion regulations appear to influence all communities, no matter what 
mode of waste disposal is used. 
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FIGURE 3 
Recycling Rates: Communities with Waste-to-Energy vs. Statewide Recycling Rates 
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Curbside Collection and Processing Facilities in WTE Communities 
 
With the exception of certain small communities included in this study, all localities have access 
to recycling programs. Some of these programs may be voluntary, provided by public sector, 
non–profit agencies, or the private sector by subscription. Even if curbside collection is 
voluntary or unavailable, the local government provides drop off locations for residents and 
businesses. Other communities in the sample have been leaders in recycling and have been 
early adopters of curbside collection and most recently, single stream recycling. These efforts 
have been undertaken in conjunction with state policies, which have mandated landfill diversion 
rates, implemented landfill bans on certain materials, and provided recycling incentive programs 
through grants, loans and technical assistance.  
 
Finally, the extent to which recycling is an integrated part of the solid waste program in certain 
of these communities can be demonstrated by the fact twenty-four of the 82 facilities or about 
30% have a materials recovery facility (MRF), which is co-located with the waste-to-energy 
facility or owned by a public entity, which is also responsible for the waste-to-energy facility. It 
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is doubtful that a local government, district or authority would invest in the construction of a 
processing facility for recyclables, if there was a lack of material to process.  
 
 
CONCLUSION 
 
On a nationwide basis, waste-to-energy does not have an adverse impact on recycle rates. The 
most influential factors that affect local recycling rates appear to be state policies and the 
proactive stance of a municipality. Communities using waste-to-energy have recycling rates that 
are five percentage points or more above the national average, whether these communities 
are compared to adjusted EPA or BioCycle data.  
 
Therefore, it can be concluded that recycling and waste-to-energy are compatible waste 
management strategies. They form part of a successful, integrated waste management 
approach in many communities across the United States. 
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The Nature Conservancy


The mission of The Nature Conservancy is to preserve 
plants, animals and natural communities that represent the 
diversity of life on Earth by protecting the lands and waters 
they need to survive.


Founded in 1953 as a land trust


All 50 states; 30 countries


14oo preserves


Protected 119 million acres 


Protected 5000 river miles


700 scientists


Natural Heritage programs
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Albemarle Peninsula


ALBEMARLE-PAMLICO PENINSULA, 
EASTERN NORTH CAROLINA


61 cm (24 inches) sea level rise
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Atmospheric CO2 Concentrations


We Are Here







UNFCCC Goal


United Nations Framework Convention on 
Climate Change signed in Rio in 1992:


to achieve “stabilization of greenhouse gas 
concentrations in the atmosphere at a level 
that would prevent dangerous 
anthropogenic interference with the climate 
system"







Climate  Change Impacts
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G8: Stabilizing at 450 ppm CO2
Global; International Energy Agency 2008
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Emissions Per Capita by Country
2000—Tons of CO2/person; Without Land Use Change
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U.S. GHG Emissions Reductions







US Climate Action Partnership







Major Issues for Legislation


Allocation or auction of allowances?


2020 cap (size of reduction)


Role of offsets (3 billion tons/yr ?)


Complimentary measures (RES; LCFS; 
efficiency)


Cost containment (safety valve mechanism)


Disposition of auction revenues


State preemption (CA tailpipe standards; RGGI)


Sanctions on non-participating nations
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Renewable Energy Issues


Intermittent production (low capacity factor)


Wind = 30-35 percent capacity factor


Solar = 20-25 percent capacity factor


Located in sparsely populated areas


High land requirements (low power density)


Not cost competitive without taxpayers subsidies







Wind Energy Resources







Area that may be abandoned
by prairie chickens 


(nesting & brood rearing activities)


1.5 MW turbine


1.25 mile 
radius


= >2000 ac.











Mojave Solar Thermal Energy







Energy Sprawl


Generation equivalent to 1000 MW nuclear plant:


Nuclear = 250 to 1000 acres
Fossil fuel = 350 to 2500 acres
Solar PV = 30 to 90 sq miles (53,000 acres)
Wind = 100 to 300 sq miles (200,000 acres)
Dedicated energy crops = 1500 to 2600 sq miles 
(1,700,000 acres)







Energy-from-Waste


Renewable source of energy


Cost competitive today


Located at electrical load centers


Baseload capacity


Reduces land use requirements for waste 
disposal
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CO2 Emissions and Concentrations







Increasing Rate of Change


Period      Rate
Years  oC/decade


25    0.18±0.05
50    0.13±0.03
100   0.07±0.02
150   0.05±0.01
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Annual GHG Emissions by Country
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One Family’s Carbon Footprint
18 tons allowed; 65 tons total; U.S. average 110 tons


Single-family detached 3-bedroom home in Virginia
29 tons for household energy use


One mid-size car going 10,000 miles/year
7.5 tons


8 plane trips (4 short, 4 long)
10.4 tons


Food (very little organic)
16 tons


Waste (recycle and compost everything)
2.1 tons


Recreation (cross-country skiing)
Priceless







Emissions Reductions Cost Curve







CAA v Cap v Tax


CAA source-by-source technology regulations
Cap and trade with allocation


Certain emissions limit
International integration
Uncertain price for allowance trades
Polluter windfall
Central planning inefficiencies


Cap with auction
Certain emissions limit
International integration
Uncertain price for allowances in auction
Inefficient revenue recycling


Carbon tax
Certain long-term cost impact on emitters
Uncertain total emissions
No international integration
Inefficient revenue recycling
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TECHNICAL PAPER


ABSTRACT
Technological advancements, environmental regulations,
and emphasis on resource conservation and recovery have
greatly reduced the environmental impacts of municipal
solid waste (MSW) management, including emissions of
greenhouse gases (GHGs). This study was conducted using
a life-cycle methodology to track changes in GHG emis-
sions during the past 25 years from the management of
MSW in the United States. For the baseline year of 1974,
MSW management consisted of limited recycling, combus-
tion without energy recovery, and landfilling without gas
collection or control. This was compared with data for 1980,
1990, and 1997, accounting for changes in MSW quantity,
composition, management practices, and technology. Over
time, the United States has moved toward increased recy-
cling, composting, combustion (with energy recovery) and
landfilling with gas recovery, control, and utilization. These
changes were accounted for with historical data on MSW
composition, quantities, management practices, and tech-
nological changes. Included in the analysis were the ben-
efits of materials recycling and energy recovery to the extent


that these displace virgin raw materials and fossil fuel elec-
tricity production, respectively. Carbon sinks associated
with MSW management also were addressed. The results
indicate that the MSW management actions taken by U.S.
communities have significantly reduced potential GHG
emissions despite an almost 2-fold increase in waste gen-
eration. GHG emissions from MSW management were es-
timated to be 36 million metric tons carbon equivalents
(MMTCE) in 1974 and 8 MMTCE in 1997. If MSW were
being managed today as it was in 1974, GHG emissions
would be ~60 MMTCE.


INTRODUCTION
Solid waste management deals with the way resources
are used as well as with end-of-life deposition of materi-
als in the waste stream.1 Often complex decisions are
made regarding ways to collect, recycle, transport, and
dispose of municipal solid waste (MSW) that affect cost
and environmental releases. Prior to 1970, sanitary land-
fills were very rare. Wastes were “dumped” and organic
materials in the dumps were burned to reduce volume.
Waste incinerators with no pollution controls were com-
mon.1 Today, solid waste management involves technolo-
gies that are more energy efficient and protective of
human health and the environment. These technologi-
cal changes and improvements are the result of decisions
made by local communities and can impact residents
directly. Selection of collection, transportation, recycling,
treatment, and disposal systems can determine the num-
ber of recycling bins needed, the day people must place
their garbage at the curb, the truck routes through resi-
dential streets, and the cost of waste services to house-
holds. Thus, MSW management can be a significant issue
for municipalities.


The Impact of Municipal Solid Waste Management on
Greenhouse Gas Emissions in the United States


Susan A. Thorneloe
Air Pollution Prevention and Control Division, Office of Research and Development, U.S. Environmental
Protection Agency, Research Triangle Park, North Carolina


Keith A. Weitz, Subba R. Nishtala, and Sherry Yarkosky
Center for Environmental Analysis, RTI, Research Triangle Park, North Carolina


Maria Zannes
Integrated Waste Services Association, Washington, DC


IMPLICATIONS
Technology advancements and the movement toward in-
tegrated strategies for MSW management have resulted
in reduced GHG emissions. GHG emissions from MSW
management would be 52 MMTCE higher today if old
strategies and technologies were still in use. Integrated
strategies involving recycling, composting, waste-to-en-
ergy combustion, and landfills with gas collection and
energy recovery play a significant role in reducing GHG
emissions by recovering materials and energy from the
MSW stream.
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MSW management is also an issue of global signifi-
cance. The MSW management decisions made by may-
ors, county executives, and city and county councils and
boards can impact the release of greenhouse gas (GHG)
emissions that contribute to global climate change. GHG
emissions can trap heat in the atmosphere and lead to
warming the planet and changing its weather. According
to the latest U.S. Environmental Protection Agency (EPA)
inventory of GHG emissions, the waste management sec-
tor represents ~4% of total U.S. anthropogenic GHG emis-
sions (i.e., 260 out of 6750 teragrams of CO2 equivalents).2


Landfills are the largest anthropogenic source of CH4 in
the United States and represented ~90% of GHGs from
the waste sector in 1999.2 Emissions of CH4 result from
the decomposition of biodegradable components in the
waste stream such as paper, food scraps, and yard trim-
mings. The potential for global climate change caused by
the release of GHGs is being debated both nationally and
internationally. Options for reducing GHG emissions are
being evaluated. MSW management presents potential
options for GHG reductions and has links to other sec-
tors (e.g., energy, industrial processes, forestry, and trans-
portation) with further GHG reduction opportunities.


This study was conducted for the U.S. Conference of
Mayors through funding provided by the Integrated Waste
Services Association. It examined the effect of local MSW
management decisions on GHG emissions during the past
25 years. The scope of the study included all activities that
play a role in MSW management, from the point at which
the waste is collected to its ultimate disposition. These
activities include MSW collection, transport, recycling,
composting, combustion (with and without energy recov-
ery), and landfilling (with and without gas collection and
energy recovery). The life-cycle environmental aspects of
fuel and electricity consumption were also included, as well
as the displacement of virgin raw materials through recy-
cling and the displacement of fossil fuel-based electrical
energy through energy recovery from MSW. The GHG
emissions studied in this analysis were CO2 and CH4. Other
GHG emissions such as perfluorocarbons (PFCs) and N2O
were not included, primarily because of limitations in avail-
able data. Carbon sinks associated with MSW management
were evaluated, and results were presented with and with-
out carbon sinks included.


The life cycle of waste is often referred to as a journey
from cradle to grave (i.e., from when an item is put on the
curb or placed in a dumpster to when value is restored by
creating usable material or energy, or the waste is trans-
formed into emissions to water or air or into inert material
placed in a landfill).3 Methodologies that provide for a more
holistic approach toward evaluating the operations within
waste management systems that are interconnected began
to be introduced in 1995.4 The methodology used in this


study tracks the material and energy flows from cradle to
grave. Figure 1 provides an overview of the life-cycle flow
diagram of materials in MSW from cradle to grave that were
included in this study.5


The boundaries for this study include unit processes
associated with waste management, including production
and consumption of energy, extraction of raw materials,
transport, collection, recycling/composting, combustion,
and landfilling. The waste to be managed is dictated by
the quantity and composition generated in the United
States in the years studied. The net energy consumption
and environmental releases associated with managing MSW
are calculated, including offsets for (1) energy produced
from waste combustion and landfill gas utilization and (2)
energy and virgin resources that are conserved as a result
of recycling programs. The offsets and environmental re-
leases are specific to the different types of materials within
the waste stream, which includes the different types of alu-
minum, glass, paper, plastics, and steel in MSW.6


The technical analysis for this study was conducted
by RTI International under the direction of EPA’s Office
of Research and Development (ORD) using data and a
computer-based decision support tool (referred to hereaf-
ter as the MSW DST) developed through a cooperative
agreement between EPA/ORD and RTI.7,8 Representatives
from EPA, RTI, Integrated Waste Services Association, U.S.
Conference of Mayors, Solid Waste Association of North
America, Environmental Industry Associations, Waste
Management Inc., and ICF Consulting worked coopera-
tively to review this analysis.


METHODOLOGY
To calculate GHG emissions from MSW management,
data were collected on the breakdown of MSW by ma-
terial for 1974, 1980, 1990, and 1997. The most recent
year for which comprehensive information is available
is 1997.9 The oldest available data for MSW manage-
ment practices were from 1974.10 A review of techno-
logical changes and management practices was
conducted. Since 1974, MSW management in the
United States is much more complex than simply haul-
ing the waste to a “dump.” Advances in technology, in
addition to federal and state regulations, have resulted
in substantial investments in residential and nonresi-
dential infrastructure for collecting, transporting, and
processing of recycling and composting, and for dis-
posal techniques.1 In a 1995 study of U.S. communi-
ties, substantial diversity in system complexity was
found, reflecting differences in geographical locations,
types and quantities of solid waste managed, operational
and ownership structures, energy use, and environmen-
tal safety regulations and guidelines.11 This is quite dif-
ferent from how waste was being managed in the 1970s.
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The following is a description of four U.S. communities
using information from the report published in 1995 to
illustrate the diversity and complexity that exists.11


Complexity of MSW Management
Systems in the United States


The Minnesota Waste Management Act was passed in 1980.
Since then, substantial changes have occurred throughout
the United States. In Minnesota during the study, system
components included collection and transport of curbside/
alley residential and commercial waste, recyclables, yard
waste collection services, drop-off sites, and transfer sta-
tions. There is also a mass-burn MSW combustion facility
(with energy recovery), three refuse-derived fuel (RDF) waste
processing facilities, and a private processing facility for
recyclables. Of the MSW being processed, 15% is recycled
and 11% (i.e., yard waste) is composted. Regional and out-
of-state landfills are used for the disposal of residues, non-
processible waste, and ash.12


In Palm Beach County, FL, system components include
collection and transport of curbside MSW, recyclables, and
yard waste. There are also drop-off sites and transfer stations.
The system also includes four transfer stations, MSW com-
bustion (with energy recovery), an RDF processing
facility, a ferrous processing facility that produces a market-
able product from recovered ferrous, a materials recovery


facility (MRF) that processes recyclables, and a co-
composting facility that processes sewage sludge mixed with
source-separated yard waste. About 19% of the MSW is re-
covered for recycling programs. Compost is processed in
an enclosed building using an aerated, agitated bay tech-
nology. Only residual waste and ash are sent to landfills.13


In 1992, Scottsdale, AZ, system components included
collection and transport of curbside MSW and on-call col-
lection of corrugated moving boxes. There were also drop-
off sites for MSW and recyclables. Less than 1% of the
MSW was recovered for recycling. More than 92% of the
MSW was transported to three unlined landfills.14


In Seattle, WA, the system components included col-
lection and transport of curbside MSW, yard waste, and
recyclables. There were also two transfer stations, two
MRFs, and a source-separated yard waste compost facil-
ity. The compost facility is in a rural area and is an open-
air facility. It uses large windrow piles that are turned and
aerated by a windrow turner to process the compost. Re-
sidual waste is hauled by rail to a lined landfill. At the
time of the study, 13% of yard waste was composted, and
15% of MSW was recycled.15 Because of the closing of two
city-operated landfills in the late 1980s, the city decided
to pursue an aggressive waste reduction program and set
a recycling goal of 60% of the waste stream by 1998. In
1996, Seattle was approaching this goal, diverting 49% of


Figure 1. Diagram of material and energy life-cycle flows and the associated GHG sources and sinks.5
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its residential waste stream, 48% of its commercial waste
stream, and 18% of materials delivered to drop-off sites.
The recyclable materials were collected and processed at
two private facilities using conveyors, trommel and disc
screens, magnetic separation, air classification, balers, and
hand-sorting to separate materials.16


Across the United States, technological advancements
in collection, transport, recycling/composting, combustion,
and landfilling are helping to minimize potential impacts
to human health and the environment. For example, fed-
eral and state requirements are in place under the Resource
Conservation and Recovery Act of 1976 and the Clean Air
Act. For the baseline year of this study, waste was typically
hauled to dumps with nuisances associated with odor, air-
born litter, occurrence of disease vectors such as rats, mice,
and flies, as well the generation of landfill gas emissions
and leachate resulting from the decomposition of biode-
gradable waste and rainwater filtering through the landfilled
waste.17,18 Today’s landfills are modern “sanitary landfills
in response to state and federal requirements for liners,
leachate collection and treatment, and prevention of land-
fill gas explosions.”19,20 In 1996, New Source Performance
Standards and Emission Guidelines were promulgated re-
quiring that landfill gas be collected and controlled at
large landfills (>2.5 million tons of waste).21 The first land-
fill gas-to-energy recovery project began operating in
1981.22 Now there are 300 landfill gas-to-energy projects
producing electricity or steam.23


MSW combustion has also gone through substantial
changes. In the 1970s, MSW was directly combusted with-
out energy recovery and with little or no pollution con-
trol. Currently, there are 102 facilities in the United States
that combust waste to generate steam or electricity. In these
communities, the average recycling rate is 33%, which is
5% greater than the national average.24 These facilities also
have heat recovery, electricity production, and the highest
levels of pollution control. Results from a recent EPA in-
ventory of these facilities has shown that emissions are well
below emission limits established by the Clean Air Act.25


Recycling also has greatly increased, growing from
8% in the 1970s to 27% in 1997. Many communities
now have state-of-the art material recovery facilities, and
there is a dramatic increase in the amounts of food and
yard waste being composted. Technological innovations
have occurred, making these operations more efficient
and cost effective.15


The changes in technology and management prac-
tices were taken into account for the different years in-
cluded in the study. The percentages of MSW being
recycled (which includes composting), landfilled, and
combusted are provided in Figure 2 for each of the years
included in this study. Each of these contributes to the
production of GHG emissions, as well as to the potential


for avoiding GHG emissions and offsetting fossil fuel con-
sumption. Table 1 provides a list of GHG emission sources
and sinks associated with the waste management. All these
emission sources and sinks were accounted for in each of
the years that were included in this study. Although waste
management strategies and technologies changed from
1974 to 1997, other aspects, such as transportation dis-
tances, were kept constant because their overall contribu-
tion to the results were minimal.26 Data were not available
across all waste management practices for PFCs and N2O.
Consequently, they were not included in the study. As
additional data become available, they can be included
in future analyses.


The methodology used for this study is intended to
illustrate GHG emissions and reduction potentials for the
integrated waste management system (i.e., all aspects from
collection, transportation, remanufacturing into a new
product, or disposal are accounted for). This study was not
designed to compare GHG reduction potential between
specific MSW management technologies (e.g., recycling vs.
combustion). The MSW DST was used to calculate the net
GHG emissions resulting from waste collection, transport,
recycling, composting, combustion, and land disposal
option (i.e., offsets for displacement of fossil fuel). Both
direct GHG emissions from each waste management activ-
ity and the GHG emissions associated with the production
and consumption of fuels were included.


For some of the lower quantity materials in MSW,
data from the MSW DST were not available. This repre-
sented 1.5% of the total waste generated in 1974 and 4%
of that in 1997. For these waste streams, data were
obtained from EPA’s Office of Solid Waste. These items
include durable goods, wood waste, rubber tires, textiles,
and lead-acid batteries.


The energy consumed and environmental releases as-
sociated with production of new products, as well as those
saved by using recycled instead of virgin materials, were in-
cluded in the analysis. GHG emission savings also were cal-
culated for MSW management strategies (namely, MSW
combustion and landfill) where energy was recovered. In
calculating the GHG emission savings associated with en-
ergy recovery, the “saved” energy was assumed to result from
offsetting the national electric grid. For every kilowatt-hour
of electricity produced from MSW, the analysis assumed that
a kilowatt-hour of electricity produced from fossil fuels was
not generated. Wherever energy is consumed (or produced),
the analysis includes environmental releases (or savings)
associated with both the use and production (e.g., the pro-
duction of a gallon of diesel fuel) of that energy.


To complete this study, information about MSW gen-
eration and composition was needed for 1974, 1980, 1990,
and 1997. We used three primary data sources to calculate
MSW generation and composition: (1) EPA’s Municipal







Weitz et al.


1004   Journal of the Air & Waste Management Association Volume 52  September 2002


Solid Waste Characterization Report for 1998 (providing
information about 1980, 1990, and 1997 waste trends,
composition, and generation);9 (2) unpublished waste
characterization data for 1974 from Franklin Associates;10


and (3) U.S. Bureau of the Census historical housing data.27


EPA and Franklin Associates waste characterization stud-
ies include data for waste generation and composition and
MSW management practices in the United States. The
amount of MSW generated in the United States for each
of the study years is shown in Table 2. Waste composition
data are shown in Table 3, and waste management data
are shown in Table 4.


U.S. Census data27 were used to estimate the number
of residential, multifamily, and commercial waste genera-
tors. This information was used within the MSW DST to
generate waste generation rates (in lb/person/day, or lb/


location in the commercial sector). The composition and
quantities of materials recycled and composted were set at
the levels of recycling reported by EPA’s and Franklin Asso-
ciates’ national data sets. Recycling and composting rates
were based on EPA data.9 The composition of materials that
are recycled and composted is presented in Table 5.


Using the previous data, GHG emissions were calcu-
lated for the years 1974, 1980, 1990, and 1997. Figure 2
illustrates the changes to solid waste management for each
of these years. In 1974, waste management primarily in-
volved the collection and landfilling of MSW. About 8%
of waste was recycled as commingled material and 21%
of waste was combusted (without energy recovery). The
remaining 71% of waste was landfilled without landfill
gas control. During the next 25 years, recycling steadily
increased from 8% in 1974 to 10% in 1980, 16% in 1990,


Figure 2. Changes in the management of MSW in the United States from 1974 to 1997. 9,10
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and 27% by 1997. By 1980, waste combustion without
energy recovery declined and was replaced by waste-to-
energy plants. Data indicate that by 1997, 17% of the MSW
generated in the United States was used to produce elec-
tricity at 102 waste-to-energy facilities nationwide. Also
in 1997, 56% of the waste that was landfilled was going to
~1200 sites with liners, leachate collection, and control.
Some of these sites, primarily the larger ones, also have
landfill gas control. All of these considerations were taken
into account in the calculations.


Role of Carbon Sequestration and Storage
When CO2 is removed from the atmosphere by photo-
synthesis or other processes and stored in sinks (like for-
ests or soil), it is sequestered. One of the more controversial
issues with accounting for GHG emissions from MSW
management is associated with whether carbon sinks
should be considered. There is no consensus on a meth-
odology for estimating carbon storage in forests, soils, and
landfills. During the series of peer reviews conducted on
the methodology developed for the MSW DST, the rec-
ommendation from the reviewers was that carbon seques-
tration should not be considered unless a full product life


cycle was being analyzed.
However, the MSW DST
was developed to include
an offline calculator for
estimating carbon storage
potentials resulting from
forests, soils, and landfills.
Users can decide whether
to calculate and incorpo-
rate the carbon storage po-
tentials into their analysis.
For this study, results with
and without carbon stor-
age included are provided.
      The carbon storage val-
ues used in this study and
included in the MSW DST
calculator are from EPA’s
Office of Solid Waste in a
report that was released in
19985 to support its vol-


untary partnership program on climate change and
MSW management. This methodology tracks carbon
storage related to waste processes and tracks carbon as-
sociated with fossil fuel and nonenergy GHGs such as
PFCs and N2O. The principal carbon storage mecha-
nisms addressed are changes in forest carbon stocks re-
lated to paper and wood recycling, long-term storage
of carbon in landfills, and accumulation of carbon in
soils resulting from compost application. Carbon stor-
age from combustion ash residue also was studied and
was estimated to be negligible. Although carbon stor-
age in forests, soils, and landfills clearly has a strong
influence on net GHG emissions, the exact accounting
methods that should be used to quantify them are still
a matter of debate, because many scientific and policy
questions remain to be resolved. However, EPA currently
includes estimates of carbon storage from landfills and
forests in its national GHG inventory.1


To help illustrate the difference in estimates of GHG
emissions when carbon storage is taken into account,
EPA’s Office of Solid Waste and ICF Consulting provided
data and information using the EPA WARM model28 for
making the comparisons. Table 6 shows the potential
carbon storage for the years that were evaluated for this
study. The negative values in the table indicate that the
storage is, in effect, a negative emission. In scenarios
where waste is managed according to 1974 technology,
substantial carbon storage is associated with landfills. In
the 1990s, the balance shifts—the large volume of paper
recycling results in substantial benefits in the form of
forest carbon storage, and there are also some soil car-
bon benefits from composting.


Table 1. Sources and sinks for GHG emissions from MSW management-related technologies included in the analysis.


 Waste Management Activity GHG Emissions (CH
4
 and CO


2
) Sources and Sinks


 Collection (recyclables and mixed waste) Combustion of diesel in collection vehicles


Production of diesel and electricity (used in garage)


 Material recovery facilities Combustion of diesel used in rolling stock (front-end loaders, etc.)
Production of diesel and electricity (used in building and for equipment)


 Yard waste composting facility Combustion of diesel used in rolling stock


Production of diesel and electricity (used for equipment)
 Combustion (also referred to as waste to energy) Combustion of waste


Offsets from electricity produced


 Landfill Decomposition of waste
Combustion of diesel used in rolling stock


Production of diesel


Offsets from electricity or steam produced
 Transportation Combustion of diesel used in vehicles


Production of diesel


 Reprocessing of recyclables Offsets (net gains or decreases) from reprocessing recyclables
recovered; offsets include energy- and process-related data


Table 2. Total MSW generated in the United States for each study year (metric tons).9,10


 Year  Waste Generated


 1974  116,000,000
 1980  137,000,000
 1990  186,000,000
 1997  197,000,000
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RESULTS
Figure 3 illustrates the overall trend in GHG emissions
from 1974 to 1997. Two technology pathways are shown.
One pathway represents GHG emissions from the actual


integrated MSW management technologies employed in
each study year. The other pathway represents what GHG
emissions would be if the same 1974 technologies and
MSW management practices were used in all study years


(i.e., 1980, 1990, and 1997). As illustrated in
this figure, by adopting new technologies and
MSW management practices, GHG emissions
have decreased from 1974 to 1997, despite an
almost 2-fold increase in the quantity of waste
generated. Net GHG emissions in 1997 were
~8 million MMTCE versus 36 MMTCE in 1974.
If the same technology and MSW management
practices were used today as were used in 1974,
net GHG emissions would be ~60 MMTCE.
Thus, it could be concluded that the employ-
ment of new MSW management technologies
currently are saving on the order of 52 MMTCE
per year. The following sections discuss the net


Table 3. Waste composition.9,10


                        Composition (%)a


                         1974                          1980                          1990                          1997
Waste Category Residential Commercial Residential Commercial Residential Commercial Residential Commercial


 Yard trimmings, leavesb  13  6.7  6.6  5.4
 Yard trimmings, grassb  13  13  13  11
 Yard trimmings, branchesb  11  6.7  6.6  5.4
 Newsprint  12  2.0  10  2.9  9.6  2.5  8.0  1.8
 Corrugated cardboard  2.2  19  1.9  27  2.0  27  2.6  29
 Office paper  1.1  3.0  1.1  5.3  1.4  5.9  1.5  5.7
 Phone books  0.3  0.3  0.2  0.2
 Books  3.0  2.9  0.7  0.8
 Magazines  1.6  3.1
 3rd-class mail  2.1  1.6  2.7  1.8
 HDPE—translucentc  0.2  0.4  0.6
 HDPE—pigmentedc  2.2  1.0  1.2  1.3
 PETd  0.2  0.1  0.3  0.1  0.5  0.2
 Steel cans  1.8  5.2  2.6  2.0  1.8  0.9  2.1  0.7
 Ferrous metal—other  0.3
 Aluminum—food cans  0.5  0.2  0.8  0.4  1.0  0.4  1.1  0.4
 Aluminum—other cans  0  0.4  0.3  0.3
 Aluminum—foil and closures  0.6
 Glass—cleare  9.4  1.9  6.8  2.5  4.5  1.5  4.1  1.1
 Glass—browne  6.0  1.2  4.3  1.6  2.9  0.9  2.6  0.7
 Glass—greene  1.7  0.3  1.2  0.4  0.8  0.3  0.7  0.2
 Paper—nonrecyclable  10  16  16  20
 Food waste  11  7.0  8.8  9.2
 Other organic materials  27  40  43  40
 Plastic—nonrecyclable  1.8  3.1  4.5
 Metals—nonrecyclable  0.3
 Miscellaneous  41  14  17  14  16  13  18


aNumbers may not add up to 100% because of rounding; bYard waste split between leaves, grass, and branches was assumed to be 35, 35, and 30%, respectively; cHDPE is high-
density polyethylene; dPET is polyethylene terephthalate; eGlass composition split between clear, brown, and green was assumed to be 55, 35, and 10%, respectively.


Table 4. Annual waste input to management options (metric tons).9,10


1974 1980 1990 Today


 Collection of Yard Waste  0  0  3,800,000  10,400,000
 Collection of Recyclables  6,700,000  10,700,000  20,900,000  35,300,000
 Collection of Mixed Waste  108,000,000  124,000,000  157,000,000  144,000,000
 Recovery of Recyclables in MRFa  8,400,000  13,100,000  25,900,000  43,300,000
 Composting (yard waste)  0  0  3,800,000  10,400,000
 Combustion  23,900,000  12,400,000  28,800,000  32,900,000
 Landfill of Mixed Waste  83,600,000  112,000,000  128,000,000  111,000,000
 Landfill of Combustion Ash  62,500  41,700  70,500  89,200


aMRF is mixed recovery facility.
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contributions of GHGs from recycling and composting,
waste-to-energy combustion, landfills, and collection and
transportation practices. In addition, the effects of car-
bon storage on the net total GHG emissions are discussed.


Recycling and Composting
Recycling contributes to the reduction of GHG emissions
by displacing virgin raw materials and thereby avoiding
environmental releases associated with raw materials ex-
traction and materials production. In addition, recycling
and composting avoids GHG emissions by diverting the


disposal of materials from landfills that produce CH4 and
other GHGs. As shown in Figures 2 and 4, increasing re-
cycling and composting from ~8 million metric tons, or
8%, in 1974, to more than 53 million metric tons, or 27%,
in 1997, currently is avoiding the release of more than
3.2 MMTCE annually. These results include GHG emis-
sions from materials collection, separation, treatment
(in the case of composting), and transportation to a
remanufacturing facility. For recycled materials, GHG


Table 5. Recovery rates of materials.9,10


                Recovery of Materials (%)a


                         1974                          1980                          1990                          1997
Waste Category Residential Commercial Residential Commercial Residential Commercial Residential Commercial


 Yard trimmings, leaves  0.0  13  46
 Yard trimmings, grass  0.0  13  46
 Yard trimmings, branches  0.0  13  46
 Newsprint  29  1.4  31  5.2  44  7.2  64  11
 Corrugated cardboard  3.1  81  4.3  41  5.5  53  7.6  74
 Office paper  0.9  14  0.9  29  1.1  35  2.0  67
 Phone books  0.0  8.2  19
 Books  13  10  28  78
 Magazines  16  48
 3rd-class mail  7.5  28
 HDPE—translucentb  3.8  31
 HDPE—pigmentedb  1.4  9.7
 PETc  4.3  1.9  37  16  50  22
 Steel cans  4.2  2.1  5.6  5.6  25  22  64  50
 Ferrous metal—other  0.5  1.3  5.7  13
 Aluminum cans  27  0.4  35  28  64  56  58  50
 Aluminum—foil and closures  0  5.4  7.4
 Glass—clear  2.8  0.9  5.2  5.9  22  24  24  28
 Glass—brown  2.8  0.6  5.2  5.9  22  24  23  26
 Glass—green  2.8  0.2  5.2  5.9  22  24  54  60


aRecovery of materials is defined as the percentage of a material generated that is recycled. Where appropriate, materials that were recycled based on EPA data were combined into a
similar waste category for which reprocessing data were available. For example, 3rd-class mail and phone books recycled in 1997 were combined into the Books category. This
assumption makes some recovery numbers appear high; bHDPE is high-density polyethylene; cPET is polyethylene terephthalate.


Table 6. Carbon storage potentials for waste management strategies (MMTCE/yr).


 Recycling
Scenario (includes compost) Landfill Total


 1974  –5.5  –12.8  –18.3
 1980  –8.6  –17.1  –25.6
 1980 with 1974 technology  –6.7  –15.4  –22.1
 1990  –14.9  –19.2  –34.2
 1990 with 1974 technology  –8.9  –20.7  –29.6
 Today  –26.4  –14.8  –41.2
 Today with 1974 technology  –9.5  –21.0  –30.6 Figure 3. Comparison of net GHG emissions for MSW management


reflecting technological changes, landfill diversion, and source reduction.
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emissions avoided by displacing virgin raw materials pro-
duction are netted out of the results. Additional emissions
also are avoided as the result of diversion from landfills
and from source reduction.


Combustion
For nearly 100 years, the United States has used com-
bustion as a means of waste disposal. Similar to landfill
technology of 25 years ago, the benefit of early combus-
tion technology was solely its disposal ability, as well as
its ability to destroy pathogens in waste. Energy recov-
ery through the combustion of waste was not consid-
ered seriously in the United States until the 1970s. At
that time, waste combustion technology developed from
a realization that waste had an inherent energy content
and could be harnessed to generate electricity. For the
past 20 years, combustion technology has grown to in-
clude an added benefit of energy recovery. Combustion
facilities have been successful in recovering materials
from the waste stream that can be recycled and recover-
ing energy from the residual waste to generate electric-
ity. All MSW combustion facilities in the United States
include recycling programs and energy production. Elec-
tricity generated from waste combustion has become so
reliable that the power is “base load” for utilities that
buy it, thereby allowing those utilities to avoid construc-
tion of new power plants or the purchase of fossil fuel-
generated electricity.


In 1974, ~24 million metric tons of MSW, repre-
senting ~21% of U.S. MSW, was managed in combus-
tion units without energy recovery. As shown in Figure
5, this technology was a net generator of GHG emis-
sions. By 1997, ~33 million metric tons of MSW, repre-
senting ~17% of U.S. MSW, was managed by MSW
combustion. This resulted in avoiding the release of ~5.5
MMTCE of GHG emissions annually, as compared to
GHG emissions if 1974 combustion technology was still


employed. The GHG emissions from combustion facili-
ties were based on emission test results provided to EPA
and state environmental agencies.29


Waste combustion is similar to recycling in that it
can reduce GHG emissions in two ways. First, combus-
tion diverts MSW from landfills where it would other-
wise produce CH4 as it decomposes. Second, the electrical
energy resulting from waste combustion displaces elec-
tricity generated by fossil fuel-fired power generators (and
associated GHG emissions). Figures 4 and 5 both reflect
the net decrease in emissions that are attributed to dis-
placement of virgin resources and fossil fuel. They do not
reflect added reductions from CH4 emissions that would
be avoided if waste were landfilled. If the avoided GHG
emissions were included in Figure 5, an additional 6
MMTCE would be reduced, increasing the total avoided
emissions from 5.5 to 11 MMTCE. If the MSW had been
landfilled, 33 million metric tons would have been re-
leased. The assumptions for this calculation are presented
in Table 7. Half of the MSW being landfilled is located at
sites with landfill gas control. Of these sites, half of those
with gas control utilize the landfill CH4 to produce steam
or electricity using reciprocating engines, boilers, and tur-
bines. Offsets for this produced energy were included in
the calculations. The total emissions were calculated to
ensure that a comparable basis was used in calculating
the avoided emissions. For combustion, emissions are re-
leased immediately. For landfills, the GHG emissions are
released over a long period of time, and not all of the
potential carbon is re-released. GHG emissions over a
100-year period were used for this study.


Landfills
In 1974, 108 million metric tons of MSW and combus-
tion ash were landfilled in the United States. In 1997, ~129
million metric tons of MSW and combustion ash were
landfilled, representing 56% of the MSW generated. As of


Figure 4. Comparison of net GHG emissions for recycling and
composting. Avoided emissions reflect offsets from resource
conservation.


Figure 5. Comparison of net GHG emissions for MSW combustion.
Avoided emissions reflect offsets for fossil-fuel conservation from energy
that is produced.
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2000, there were 2526 MSW landfills in the United
States.30 Landfills with gas collection systems reduce the
release of GHG emissions associated with the decom-
position of waste. Figure 6 illustrates the landfill gas-
generation rate over a 100-year period. Because GHG
emissions are reported for a specific time period, the
cumulative CH4 yield, as opposed to an annual emis-
sion rate, is needed to account for the total emissions
for the management (i.e., landfilling) of the MSW for
each year of the study. Energy can be recovered from
the utilization of the CH4 in landfill gas (which is typi-
cally ~50% of the landfill gas) to produce energy. Off-
sets for fossil fuel conservation were included in the
analysis, as was done for recycling and combustion.
Because of diversion of waste from landfills, the growth
of landfill gas-to-energy projects from 0 in 1974 to
nearly 300 in 1997,23 Clean Air Act requirements, and
improvements in landfill design and management,
there has been a substantial reduction of GHG emis-
sions associated with MSW landfills.


For the baseline year of 1974, there was no gas con-
trol or energy recovery. For 1997, using recent data, GHG
emissions were calculated based on 50% of MSW being
landfilled at sites with landfill gas collection and con-
trol.23 Of this 50%, half of the gas was flared and half
was used for energy recovery using recent statistics of


the distribution of energy recovery projects
(internal combustion engines, direct gas use,
gas turbines, etc.).23 Specific assumptions for
landfill gas parameters in each study year are
included in Table 7. These assumptions were
verified through communication with na-
tional experts. The GHG emissions associated
with fossil fuel-based electrical energy that was
displaced by the use of landfill gas was also
included in the calculations using the national
electrical energy grid mix.
     The results, as illustrated in Figure 7, indi-
cate that modern landfills in 1997 avoided the


release of 44 MMTCE of GHG emissions annually. This level
of avoided GHG emissions was achieved through the use
of gas collection and control systems, as well as the diver-
sion of MSW from landfills by using recycling, composting,
and combustion technologies. The key factors in determin-
ing GHG emissions produced from landfills are the amount
of waste managed, level of gas collection and control, ef-
fectiveness and timing of the control, and level and type
of energy recovery. Gas that would be oxidized and not
emitted as CH4 was also accounted for. The gas collection
efficiency that was used was obtained from EPA’s guidance
on estimating landfill gas emissions and is considered en-
vironmentally conservative.31


Collection and Transportation
Collection and transportation of MSW and recyclables
accounted for ~0.5 and 1 MMTCE in 1974 and 1997, re-
spectively. More GHG emissions were emitted in 1997
from collection and transportation because of the dou-
bling of the amount of MSW generated and collected since
1974. In addition to increases in GHG emissions from
collection and transportation, increases in other local
pollutants (such as SOx, NOx, CO, O3, and particulate)
should also be considered, particularly in regions that are


Table 7.  Key landfill design and operation assumptions.


                   Study Year
Parameter (%) 1974 1980 1990 1997


Waste managed in landfills with gas control 0 10 30 50
Landfill gas collection efficiency 0 75 75 75
CH


4
 oxidation rate 20 20 20 20


Controlled landfill gas utilized for
energy recovery projects using boilers,
reciprocating engines, and turbines 0 0 31 50


Figure 6. Landfill gas-generation rate during a 100-year period.32,33


Figure 7. Comparison of net GHG emission reductions from landfills
caused by diversion of waste from landfills, increased landfill gas control,
and energy recovery of landfill CH4.
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classified as nonattainment areas with respect to the Na-
tional Ambient Air Quality Standards. Table 8 includes
estimates of other non-GHG pollutants associated with
waste collection and transportation.


Carbon Sequestration and Storage
The magnitude of carbon storage relative to the magni-
tude of emissions is shown in Table 9. When the consid-
eration of carbon storage is included in the calculations,
it dramatically offsets all of the energy and landfill emis-
sions. If carbon sequestration is considered in this analy-
sis, net GHG emissions avoided remain a factor of ~6.
Overall, the basic findings remain the same: improvements
in management have resulted in dramatically reduced net
GHG emissions from the waste sector.


CONCLUSIONS
America’s cities are avoiding the annual release of 52
MMTCE of GHG emissions each year through the use of
modern MSW management practices. The total quantity
of GHG emissions from MSW management was reduced
by more than a factor of 6 (from 60 to 8 MMTCE) from
what it otherwise would have been, despite an almost dou-
bling in the rate of MSW generation. This reduction is a
result of several key factors:


• Increasing recycling and composting efforts from
8 to 27% resulted in savings of 4 MMTCE from
avoiding use of virgin materials.


• Producing electricity in waste combustion facilities
avoids 5 MMTCE that otherwise would have been
produced by fossil fuel electrical energy generation
and avoids 6 MMTCE of GHG emissions that would
be produced if the MSW were landfilled.


• There has been an increasing diversion of MSW
from landfills by using recycling, composting,
and waste combustion.


• Increasing landfill gas collection and energy re-
covery technology avoids 32 MMTCE that would
otherwise have been produced by older landfills
(without landfill gas control), by displacing fos-
sil fuel consumption for that portion of sites uti-
lizing landfill CH4 (rather than flaring the gas),
and through diversion to other technologies and
source reduction.


    This study illustrates that there has been a positive
impact on GHG emissions as a result of technology
advancements in managing MSW and more inte-
grated management strategies. Although there has
been a 60% increase in MSW since 1974, more than
52 MMTCE of GHG emissions per year are being
avoided based on actions taken in U.S. communi-
ties. There are additional opportunities for decreases
in GHG emissions as well as improvement in other


environmental cobenefits through improved materials and
energy recovery from MSW management. From this study,
it can be concluded that the greatest reductions in GHG
emissions during the past 25 years have come from tech-
nology advancements to recover energy and recycle mate-
rials. The large reductions in GHG emissions from energy
recovery and recycling result from displacing the need to
produce energy from fossil sources and to produce new
raw materials from virgin sources.
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Table 8.  Non-GHG pollutant releases from waste collection and transportation (lb/yr).


                       Pollutant
 Scenario  SO


x
 NO


x
 CO  Particulate


 1974  166,000  1,530,000  273,000  23,900
 1980  167,000  1,580,000  287,000  25,300
 1980 with 1974 technology  167,000  1,580,000  285,000  24,900
 1990  229,000  2,150,000  403,000  36,300
 1990 with 1974 technology  221,000  2,100,000  378,000  32,900
 1997  272,000  2,490,000  488,000  45,600
 1997 using 1974 technology  245,000  2,310,000  414,000  36,200


Table 9.  Net GHG emissions, including the effects of carbon sequestration for waste management
strategies (MMTCE/yr).


Estimated Amount of
Carbon Sequestered Estimated GHG Total Net GHG


 Scenario (from Table 6) Emissions Emissions


 1974  –18.3  36.2  17.9
 1980  –25.6  16.7  –8.9
 1980 with 1974 technology  –22.1  38.0  15.9
 1990  –34.2  15.6  –18.6
 1990 with 1974 technology  –29.6  54.2  24.6
 1997  –41.2  8.0  –33.2
 1997 using 1974 technology  –30.6  60.5  29.9
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