Municipal Solid Waste to Juniper Ridge Landfill: The Methane Threat

We have presented information concerning the greenhouse gases produced by trucking MSW,
specifically carbon dioxide. There should also be concern of the amounts of methane that will be
emitted during the lifetime of landfilled MSW.

Methane is produced by the anaerobic decomposition of organic wastes. MSW is over 50% organic.
We have all heard that methane is a far more dangerous greenhouse gas than carbon dioxide when
considering climate change. It is commonly said that methane has on the order of 23 times the warming
potential of CO2. This number is derived from a 100 year time period. Over a 20 year span, methane
poses as much as 72 times the negative effects of CO2. This is because while CO2 in the atmosphere
lasts over a century, methane only persists in the atmosphere for 12 to 13 years. Therefore, reducing
methane emissions now, or before they begin, can have a large positive impact over a relatively short
time span, thus greatly reducing man-made climate impact. Landfills are the single largest source of
anthropogenic (man-made) greenhouse gases in North America.

Since MSW has a much higher organic content than the other wastes coming into JRL, introducing
massive amounts of curbside garbage would produce much more methane. Once MSW is unloaded at
JRL, it will be covered by other wastes and begin to decompose in the anaerobic environment, thus
emitting methane.

Casella says in their application that with their management techniques, they capture on the order of
85% of methane emissions at JRL, and flaring the gas turns it into less-harmful CO2. EPA assumes landfill
operators capture on average 75% or more of methane emissions. The best current information says
that Casella and the EPA are mistaken on the amounts of methane captured. Following is an excerpt of a
paper presented by the Center For A Competitive Waste Industry to the California Air Resources Board
in 2007.

EXECUTIVE SUMMARY

Conventional wisdom, based upon statements by the Environmental Protection Agency (EPA),
assumes landfill operators capture 75% or more of the methane gas (CH4) that is generated at their
facilities. Because of that assumption of high collection efficiency, landfills have been thought to be
responsible for only 2%-3% of anthropogenic, or manmade, greenhouse gases (GHG). This comment
explains why the EPA assumption is demonstrably wrong, why the best available evidence does not
support a value greater than 20%, and why the appropriate remedies that follow from this correction
involve more diversion rather than better landfilling. Specifically-

e There are no field measurements of the efficiency of landfill gas collection systems.

e EPA’s assumed 75% gas collection efficiency has no factual basis, is based upon
fundamentally incorrect definitions, and uses biased selection from unsupported, and self-
serving, guesses as the basis for its assumption.



e The best evidence of typical lifetime capture rates based upon correct definitions does not
support a value greater than 20%, as further attested to by the International Panel on Climate
Change.

e Correcting the capture rate from 75% to 20% increases landfills’ responsibility for
anthropogenic greenhouse gas emissions from approximately 2%-3% to 8%-9% or more.

e Because gas collection is actually very poor, the case for diverting decomposable discards
from the landfill becomes clear.

The paper goes on to explain that the high percentage rates come from a one-time snapshot of a
landfill at its most functional point. There is a lot of methane emitted before the landfill is capped. The
larger threat comes after the useful life of the gas extraction and is referred to as a “second wave”.
After the landfill is decommissioned, there is settling and deterioration of the cover. This allows more
rain to enter the pile, and the added moisture accelerates decomposition, and the gas escapes thru
breaches in the cover or liner. Remember, all landfills eventually leak.

When you consider the total environmental effects of Casella’s plan to truck southern Maine’s MSW
to JRL in Old Town, it reinforces the wisdom of our Waste Hierarchy in that incineration is far preferable
to landfilling MSW. Far more energy is extracted from incinerating a ton of garbage than from putting it
in a pile and making electricity with the methane produced, and likewise fewer greenhouse gas
emissions are released by incineration per unit of energy production. It bears mentioning that Casella’s
plan to heat the University of Maine Campus with gas from JRL has not progressed since proposed many
years ago, and shows no sign of happening anytime soon. Once again, the best solution for disposing of
the former MERC’s MSW in Maine is to redistribute it to our other waste to energy plants.
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From the Beginning: The Waste Hierarchy and Juniper Ridge Landfill

We have included the statutes which lay out the State of Maine Waste Policy and Waste Hierarchy.
When the process began in 2003 to change the West Old Town Landfill, owned by the local paper mill
and restricted to that mill’s waste stream, into a State-owned multi-waste landfill, it was clear from the
beginning that our Waste Hierarchy was to be followed. In testimony by George McDonald, Manager of
the Waste Management & Recycling Program at the State Planning Office, he told the Natural Resources
Committee what the intent was of SPO in owning this landfill. One of his bullet points: “Support the
waste management hierarchy in the State, to the greatest extent possible.” This was on June 3™, 2003,
at the hearing for LD 1626, which authorized the State to own what became known as Juniper Ridge
Landfill.

On June 13, 2003, SPO issued a “Request for Proposals (RFP): Contract For Landfill Operations”. On
Page 4 of that RFP, under Scope of Services, at the top it said: “The Scope of Services under this contract
will include those listed below. The landfill will be operated on a basis consistent with the State’s waste
management hierarchy, which establishes the following priority for the management of wastes: Reduce,
Reuse, Recycle, Compost, and Landfill.” Casella was the sole bidder and became JRL Operator. It was
known to them before they bid that the Waste Hierarchy was to be zealously applied.

The Operating Services Agreement between the State of Maine and Casella was signed on Feb. 4,
2004. On Page 24, section 2.13: “Waste Management Hierarchy. Casella agrees to use its best efforts to
achieve the following goals: (a) to operate the Landfill following the State’s solid waste management
hierarchy (reduce, reuse, recycle, compost, incinerate, landfill)”. On Page 37 of the OSA, it reads: “13.5
Casella covenants and agrees to operate Landfill and otherwise conduct all aspects of its business at the
Landfill in compliance with all applicable laws and regulations and permits.” Certainly Casella knew that
the state statutes on Hierarchy would apply here.

On April 9, 2004 DEP issued a permit to SPO and Casella which amended the original paper mill
landfill license when the State became owner. On Page 50 of that document it says “In signing the OSA,
Casella agreed, in part, to use its best efforts to operate the landfill following the State’s solid waste
management hierarchy.” This is the license being considered for amendment now. On Page 59, it says
16. With regard to the acceptance of MSW for disposal, consistent with its proposal, the applicant:

A. Shall not dispose of unprocessed MSW from any source other than bypass from the following
sources: PERC incinerator in Orrington and the Maine Energy incinerator in Biddeford; waste
delivered under an interruptible contract with PERC; or waste delivered in excess of processing
capacity at other MSW incinerators in Maine

In summary, Casella knew well in advance of becoming Operator at JRL that the Waste Hierarchy
was to be the Law of the Landfill. Their contract with the state requires compliance, as does their
existing license. The State of Maine’s only functional State-Owned Landfill should certainly be following
our State Waste Policy.
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Executive Summary

The Landfilt Gas to Energy (LFGTE) Task Force was asked to evaluate whether
LFGTE facilities decrease or increase net greenhouse gas (GHG) emissions. We have
unanimously concluded that reliance on landfill gas to generate electricity results in
increased net GHG emissions. This is clearly the case when considering the fate of new
wastes that could be diverted to waste management facilities more appropriate than
landfills, and is almost certainly true for wastes already buried in landfills that collect
landfill gas and flare it.

Our conclusions reinforce existing Sierra Club policy that supports diversion of
the organic fraction of our discards from landfills so that uncontrolled methane is not
generated in the first instance. They also suggest that, in existing landfills with or
without LFGTE facilities, regulations should be significantly strengthened to reduce
methane emissions as much as possible.

Modern solid waste landfills generate and release significant amounts of
methane, a potent contributor to global warming. When decomposable organic trash
(e.g., food scraps, yard waste, and more) break down under the oxygen poor conditions
in today's covered landfills, a complex mixture of combustible gases is produced. About
half of that gas mixture is methane and, left undisturbed, much of it seeps out of the

ground and is released to the environment over time.

More than a decade ago, the Environmental Protection Agency began requiring
most larger solid waste landfills to install landfill gas collection and flaring systems, in
part as a way to reduce methane emissions and their contribution to climate change. :
Collection and flaring of landfill gas, they reasoned, may result in some reduction in
human contributions to climate change if they result in reduced fugitive releases of !
methane to the environment and in effective conversion of captured methane to carbon
dioxide, a less potent greenhouse gas (GHG}.

Enterprising landfill operators, encouraged by an EPA outreach program, are
using the collected fandiill gases to generate electricity and to produce additional
revenue by selling that electricity to power companies. Conventional wisdom suggests
that LFGTE tacilities should also help to reduce global warming impacts by reducing the
need to produce electricity from coal and other dirtier fuels.

Our analysis leads us to conclude that conventional wisdom is mistaken.

Findings

1) For new wastes, disposal of decomposable organic wastes in landfills,
including those with associated LFGTE facilities, clearly results in the
release of substantially more greenhouse gases (and other environmental
pollutants) than diversion of these wastes from fand filling to other



treatments.

When organic wastes are buried in today’s landfills, methane is always
produced and a substantial portion of that methane leaks into the environment.

2) Management practices commonly employed in conjunction with LFGTE
systems tend to increase fugitive methane emissions, to shift their
timing toward the present (compared with standard landfill gas collection
and flaring), and to reduce collection efficiency. (See Background #5)

In particular, raising the moisture content of the landfill, the “wet cell” method,
accelerates the decomposition of wastes, making room for more wastes and
increasing the volume and concentration of methane produced. It also shifts
methane generation forward in time, which is counterproductive to achieving
the near-term reductions in GHG emissions that many scientists believe are
necessary for successful contro! of climate change. (Some landfills that do not
employ LFGTE also use the wet cell method to create space for more wastes.)

4) Contrary to conventional wisdom, it appears the relatively small CO,
reduction benefit that might be achieved by replacing fossil fuel
electricity with LFGTE electricity is greatly outweighed by the increase in
fugitive methane emissions resulting from altered landfill management
practices.

That makes LFGTE facilities counterproductive as part of a climate change
mitigation strategy.! Because the very things necessary to reduce methane
emissions from LFGTE facilities conilict with incentives to maximize revenue
from the generation of electricity, it does not appear likely that landfill
managers will improve practices sufficiently in the foreseeable future to result
in a net GHG benefit from LFGTE. (See Background #7)

5) While efforts to divert organic discards from landfills are developed and
implemented, methane will continue to be generated from wastes that
are already in place, and from future organic discards that those
programs fail to divert.

While the site is actively managed, several operational changes should
immediately be made at landfills to (1) increase the amount of landfill gases
that are captured, (2) avoid measures intended to augment the concentration
of methane in landfill gas, and (3) cease using methods that shift overall gas
generation from the future to the present unless a high percentage of that gas
can be captured. {(See APPENDIX B.). More research is needed on how to
manage landfills to stabilize the site so that fugitive methane emissions do not
continue after active maintenance ends (the “second wave”, which greatly
increase lifetime emissions), That should not be at the price of significantly
increasing fugitive methane emissions in the critical near term when we

' For LFGTE to result in any net GHG smission benefit, the management system would have to
be improved dramatically so that virtually no methane or hazardous air and water pollutanis
escape and new monitoring methods would have to be employed to verify fugitive emission
levels. Even then the amount of credit for LFGTE should be based on the net reduction of GHG
emissions on a life-cycle analysis basis, taking account of the degree that fossil fuels are actually
displaced by the energy from LFGTE.




confront a tipping point. (Present proposals directed at the second wave are
discussed further in Background #9)

6) Current landfill regulation does not deal adequately with methane
emissions or with other pollutants, including toxics that are generated in
landfills and are either pooriy regulated or not regulated at all. Specific
recommendations for improvements in Club policy and in federal and state
landfill regulations require further exploration and should be aggressively
pursued. (See Background #8)

7) The contribution of methane emissions from landfills and other sources
to global climate change has typically been underestimated.

If mitigation strategies are to achieve the near-term large reductions necessary
to prevent catastrophic climate change impacts, then curbing methane
emissions is an important opporiunity for near-term mitigation of those impacts
and should be given a high priority. This opportunity is not fully recognized in
Kyoto Protocol procedures and in most current mitigation programs. The latest
Intergovernmental Panel on Climate Change's scientific report does explain
the greater role of methane and indicates that globally the climate impact of
current methane emissions over the next 20 years is almost as great as CO,
emissions. (See Background #4)

Recommendations

While there remain a number of unresoived questions about LFGTE, the Task
Force believes there is more than sufficient evidence for the Club to take action in the
following areas:

Recommendation No. 1~ The Sierra Club should resist legislative and
policy initiatives that encourage LFGTE projects or that allow LFGTE
facilities to receive credit in GHG emission reduction programs.
Club policies and initiatives should be examined and revised as
appropriate to be consistent with that objective.

The Task Force recommends amendment of the 2006 Energy Resources Policy (which
currently does not address LFGTE) by adding a new subsection under “VII. Resources
for the Transition to a Clean Energy Future, E. Resources Opposed by the Sierra Club’.

Recommendation No. 2— The Sierra Club should continue to advocate the
elimination of organic discards from landfills as a long-term solid
waste management goal and as a component of our global climate
change campaigns. The Sierra Club should explore and support
solid waste management policies, laws, regulations, strategies and
technologies that could help to facilitate that transition.

This recommendation reinforces and expands upon the general principles in the Club’s




Zero Waste: Cradle-to-Cradle Principles for the 21st Century Policy of Feb. 2008. It also
suggests the need for Club guidance and perhaps policy dealing with treatment methods
for organics in the waste stream as alternatives to land disposal. The draft Zero Waste
Guidance on Landfills does not deal with all of those issues and this Task Force has had
only preliminary discussions of those options. .

Recommendation No. 3 - Because separate collection and management of
decomposable organic wastes is not fully achievable in the near term
and does not help with wastes already in the ground, the Sierra Club
should pursue improvement of landfill management regulation and
practices aimed at reducing emissions of methane and other
pollutants.

This is a recommendation for action and does not require a policy change. Specific
recommendations for Club policies and guidance that address the most feasible and
desirable ways to achieve reductions should be pursued on a priority basis. As a first
step, Appendix B lists some changes in landfill regulations that would help to reduce
fugitive emissions of methane.

Recommendation No. 4 — The Sierra Club should seek to elevate the
attention given to curbing methane generation and release from
landfills and other sources as part of our global warming and energy
campaigns.

This recommendation reaches beyond the scope of the Board’s charge to this Task
Force, but it is clear to us that methane emission reductions could and should be an
integral part of any effective GHG emissions reduction strategy.




There are eight underlying concepts that are necessary to understand these issues:

1.

Appendix A — Background

Substantial volumes of methane are generated from the decomposable
organic fraction of our buried discards. Between half and two-thirds of our
household and commercial discards are organic. Those wastes consist chiefly of
yard trimmings, soiled paper and food scraps, with lesser quantities of pet waste,
diapers, textiles and wood. When garbage and its organic fraction are buried and
compacted in the ground and then covered, they decompose anaerobically (i.e.
in oxygen-starved conditions), and methane (CH,) is produced among the
decomposition byproducts.

A ton of wet organic material buried in a landfill is reflective of what one
family might throw out in a year and will generate approximately 500 pounds of
methane spread out over decades. Some fraction of that methane wilt escape
from the landfill into the atmosphere, whether or not some of the methane is
collected and burned. Those escaped landfill gases are commonly known as
fugitive or uncontrofled emissions.

Only a part of landfill gas is captured with coflection systems in place, In
most large landfills, Environmental Protection Agency (EPA) regulations require

the installation of gas collection systems after 5 years of first waste emplacement
and continuing for a period of less than 30 years after closure. (See Figure 1)
Because gas escapes from the top, sides and bottom of landfills, and because
landfills often cover several hundred acres and are piled with wastes as much as
several hundred feet deep, capturing all the gas is extremely challenging, even
for the period when there is any gas collection. In addition, technology to
measure fugitive emissions over a wide area has not been available. As a result,
reliable representative measurements of the effectiveness of collection systems
are not available and it has not been feasible to establish direct, enforceable
methane emission limits.

EPA estimates, without supporting data, that the best collection systems
capture about 78% of the gases during the relatively small fraction of a landfill's
emitting lifetime that they are installed and functional. But, the Intergovernmental
Panel on Climate Change (IPCC) expressed the view that, over the long term, |
including the extensive times when there is little or no gas collection, the average
fraction captured may be as low as 20%.

The difference between these two values is due at least in part to the
assumptions used to frame the estimates. The EPA’s estimates are based on
what they believe the best systems should achieve during the limited time that
they operate. The IPCC's are based on average systems operating over the
entire period that gas is generated.

In particular, the major pathways for uncontrolled landfill gas emissions
occur after the site is closed and set-aside funds for postclosure maintenance are
gone. Based on studies that indicate moisture only reaches “23% to 34% of the



waste mass", and the fact that high moisture levels are necessary for effective
decomposition, most gas will be generated after the cover fails, rainfall re-enters
the site, and a second major wave of gas generation ensues without any
controls. Consequently, landfills are a much greater source of greenhouse gases
than EPA has acknowledged.

3. None of the alternatives to land filling presents a significant methane
probfem. In contrast to substantial methane generated by landfills, some fraction
of which escapes, none of the commercial alternatives to the landfilling of
organic wastes produces significant volumes of uncontrolled methane. These
commercial alternatives include processing the organics by windrow
(composting), open vessel aerobic decomposition, enclosed aerobic chambers,
enclosed anaerobic chambers with methane collection, pyrolysis, and
combustion/incineration.

4. Methane is carbon dioxide on steroids. The difference between releases of
CH; (from landtills alone) and CO; {from almost any other alternative) holds
enormous consequences for climate change. Methane emissions have at least
25 times the warming potential of CO, emissions when climate impacts are
counted over the longet term {i.e., using the 100-year "GWP").2 In the near term,
as we confront a possible tipping point, it is arguable that methane should be
counted more heavily, as much as 72 times CO, (using the 20-year GWP). Total
methane emissions from all sources are estimated to represent about 9% of CO,-
equivalent GHG emissions in the U.S. and 14% of global GHG emissions based
on the longer 100-year GWP time horizon. But the IPCC estimates that, based
on a 20-year time horizon, global methane emissions in 2000 were nearly
equal to CO, emissions in their impact on global warming.? (See Figure 2 for
a graphic illustration of IPCC's analysis of the integrated impact of global
emissions.) Landfills are estimated by EPA to account for about 24% of total
methane emissions in the U.S. (The Task Force suspects the actual perceniage
may be higher.) Landfills are a much smaller percent of total methane emissions
in most of the world, especially in developing nations.*

'Debra Reinhart, Prediction and Measurement of Leachate Head on Landfill Liners, Florida Center for
Solid and Hazardous Waste Management (Report #98-3) (1998), at p. viil. Other data from leachate
recirculating landfifls suggests that even in these wet cells “efficiency of the leachate recircufation
system at distributing feachate throughout the waste body in the recirculation cell were {stifl] low.”
JW.F. Morris, et al., Findings from long term monitoring studies at MSW landfill facilities with leachate
recirculation, WASTE MANAGEMENT 23 (2003), at p. 653.

2 The "Global Warming Potential” or GWP was adopted in the Kyoto Protocol as a method for
comparing emissions of different greenhouse gases (GHG) by weight. ltis an integrated
measure of impact over a specified time period and 100 years was adopted in the Kyoto Protocol
(the *“100-year GWP”), although some policy analysts advocate shorter time periods for counting
impacts such as 20 years—the “20-year GWP". A ton of methane emissions has 25 times the
integrated impact on global warming as a ton of CO, using the 100-year GWP and 72 times using
the 20-year GWP.

8 Figure 2,22, p. 206, Chap. 2, Report of Working Group I: “Physical Basis of Climate Change”,
Fourth Assessment Report of the Intergovernmental Panel on Climate Change, 2007.

4 Stacy C. Jackson, "Parallel Pursuit of Near-Term and Long-Term Climate Mitigation," 326
Science 526 (2009); and James Hansen, "Greenhouse gas growth

rates," 101 PNAS 46 (November 16, 2004), p. 161094, For more recent information about further
heightening of methane's warming potentiai, see, Drew T. Shindell, et al., "Improved Atiribution of




5. Changes in landfill operation linked to LFGTE increase uncontroffed
methane releases. In recent years, the landfill industry has made widespread

operational changes to increase revenues from energy production but with
potentially significant impacts on our climate. These unfortunate practices were
never contemplated in EPA's landfill rules and have never been officially vetted
for their GHG implications.

For example, many landfills with associated LFGTE facilities are
recirculating leachate and adopting other management practices intended to
accelerate organic waste decomposition and accelerate landfill subsidence. This
is called "wet cell" operation in conirast with the traditional "dry tomb” designs.
The increased moisture can result in increased methane concentrations in
collected landfill gas by almost half. This operational change shifts the timing of
methane generation closer to the present, when it would otherwise be spread
over many decades.

Many LFGTE landfills also delay installation of the cover that keeps out
rainfall and reduce negative pressure in the gas collection system as additional
tactics to maintain optimum conditions for methane production. The result is
landfill gas with a higher methane concentration and reduced gas collection
efficiency, increasing both the volume of fugitive emissions and the methane
concentration in those emissions. For citations, see footnote 4. There are
alternative landfill practices that theoretically might achieve better emissions
control. Potential examples include a few small publicly owned and closed
landfills and a small demonstration Eroject operated to maximize gas capture at
the same time energy is generated.” However those methods tend to make
LFGTE less profitable. Without any current way to enforce proper operation, the
economic incentive on an operator would be to act in ways that wind up
increasing emissions in order to restore profitability. If comprehensive and
practical monitoring systems were later developed and demonstrated to reliably
measure all fugitive emissions, and not just those from the surface while the unit
is open, then there may be grounds for reconsideration.

6. Landfills are responsible for significant GHG emissions. EPA GHG
emission inventories estimate landfill methane emissions at about 2% of total
anthropogenic (i.e. manmade) GHG emissions in the U.S in 2005. It appears
that, depending upon which assumptions are adopted (i.e. high vs. low gas
collection efficiency, long vs. short term time periods for measuring impacts
(GWP), and wet cell vs. dry tomb management), landfills’ may be responsible for
a much greater impact -- up to approximately 12% of total GHG emissions.
Using the latest IPCC 20-year GWP of 72 to weight methane instead of the
earlier IPCC 100-year value of 21 used by EPA will, by itself, increase the
estimated percentage of GHG emissions by more than three times.

Climate Forcing Emissions, 326 Scisnce 716 (2009).

* Augenstein, Don, “Landfill Operation for Carbon Sequestration and Maximum Methane
Emission Control: Controlied Landliliing Demonstration Cell Performance for Garbon
Sequestration, Greenhouse Gas Emission Abatement and Landfill Methane Energy”, Final
Report, Institute for Environmental Management (IE M), February 26, 2000.



7. Purported GW benefits of LFGTE are dubious. The landfill industry
contends that recovery of the methane from landfill gas for the generation of
electricity will reduce net GHG emissions. The gain from LFGTE is alleged to
oceur because the electricity generated at the landfill offsets the need to generate
power from dirtier combustion sources, thus avoiding the associated emissions of
carbon dioxide and other harmful pollutants. That view is widely shared by
politicians, EPA, and some environmental organizations. The Task Force is
persuaded that this CO, benefit is greatly outweighed by an increase in fugitive
(uncontrolled) methane emissions resulting from the altered landfill management
methods apparently practiced at most LFGTE projects.

Because of the much greater potency of methane as discussed in Background
#4 above, additional leakage (compared with conventional collection and flaring)
of only a very small percentage of the methane generated is sufficient to
overwhelm the relatively small CO; reduction from electricity production. When
LFGTE is compared with non-landfill waste treatment options, the high leakage
rates of all landfill management methods (at least 22% or more even by EPA's
most optimistic estimates) makes the compatison much more unfavorable to
LFGTE. An additional uncertainty is the source of electricity generation that is
likely to be displaced by LFGTE, but the Task Force’s conclusions do not depend
on challenging the industry assumption that it would displace dirty fossil energy.

8. Landfill gas emissions are a major source of un{derjregulated pollution.
in addition to the potent greenhouse gas, methane, landfill gases contain
compounds that contribute to regional smog and hazardous pollutants harmful to
human heaith. Because methods for measuring fugitive emissions over large
non-point sources have not been available, setting emissions performance
standards (which depend upon direct emissions measurements} at landfills has
not been possible.

As a poor substitute for direct measurement, methane concentration levels at the
surface of landfills are normally measured quarterly along a grid, at points about
100 feet apart, beginning after there is a final cover in place.” But, this test s
effectively useless at landfills with low permeability covers because the greatest
emissions are localized at a few tears in the cover and are not diffused uniformly
across the surface. Conclusions based on these inadequate testing methods will
fail to detect most gas leaks at landfills with composite covers.

Consequently, current regulations and emission inventories are unreliable and
probably ineffective. Better empirical measurements are critical to achieving
optimal improvements in regulation, although a number of feasible immediate
improvements are described in Appendix B.”

Finally, regulations do not adequately address substantial emissions that occur
after active management and regulation cease, as described below in #9.

9. L andfills may emit substantial methane for decades after active
management has ceased. Some in industry advocate leachate recirculation

6 40 CFR §60.755(c).
7 40 CFR§ 98.343.




during active landfill operation as a way to reduce the levels of undigested waste
in closed landfills, and thus reduce post-closure, “second wave” landfill gas
generation and release. The result, however, is significantly increased fugitive
methane emissions earlier in the life of the landfill and during the time when
there is, as NASA has stated, an urgent need to reduce and not increase
methane emissions.? Landfills that accept decomposable organic wastes should
be required to begin gas collection sooner (perhaps within 2 years of the start of
waste deposition, rather than the currently required five years), in order to better
manage these early emissions.

In addition, lessening the effects of the second wave of landfill gas, without front-
loading the system with near-term methane releases, is critical. More effective
post-closure requirements and aggressive research and development efforts
might be able to identify better methods for preventing second wave gas
releases.

*hkAEAERAXAREANEE

8 James Hansen, Greenhouse gas growlh rales, 161 PNAS 46 {November 16, 2004}, p. 161094
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CO2 and Methane Warming Effects
in Long Term vs. Short Term
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Figure 2. Integrated climate impacts of year 2000 total globat emissions of
CO.and Methane on radiative forcing evaluated over long-term (100-year} and
short-term (20-year) time horizons. "Radiative forcing” is a term used to
describe the warming effect of a greenhouse gas in the atmosphere. R is the
difference betwsen the incoming radiant energy from the sun and the outgoing
radiant energy in the atmosphere. Source: IPCC Fourth Assessment and
Center for Competitive Waste Industry.




APPENDIX B

SOME ESSENTIAL ELEMENTS OF AN EFFECTIVE LANDFILL GAS
EMISSIONS CONTROL REGULATION

Preface. The existing landfill air rule effectively leaves the detail of LF gas
management design and operation to the landfill owner. Because there is no reliable
system to monitor emissions, effective control of the pollutants in landfill gas requires
the use of landfill management practices designed to minimize the generation and
release of problem pollutants. Some of those better practices cost more to implement,
and thus are often ignored.

Of course, the most effective way to avoid release of landfill gas pollutants is to divert
decomposable organic wastes for responsible treatment elsewhere. As long as landfills
continue to accept organic wastes, and until the organic wastes buried already are
fully decomposed, landfill gas will continue to be a problem, and much better
regulation of the management of landfills and landfill gas will be essential.

The Sierra Club’s Landfill Gas to Energy Task Force has reviewed the technical
literature, most of which is produced by the industry itself and by its consultants. The
Task Force has identified those industry-recommended practices its members believe
can help to improve gas collection and reduce gas emissions. They are presented here
as examples of the kinds of Improved practices that are supported by some in the
industry and that could be viewed as a useful starting point for the development
improved landfill gas regulations.

The new requirements should apply to all landfills large enough to capture gas
effectively, unless a case specific showing is made that a specific requirement is not
technically feasible at a particular site (independent of cost considerations), or ata
separable part of that site. Before any such determination is made, adequate notice
and a meaningful opportunity for public comment must be provided,

These examples are offered to assist activists and staff who are attempting to address
relevant issues. They are examples based on the industry literature that highlight
important regulatory and management issues, but they are not necessarily considered
to be sufficient by the Sierra Club. The Sierra Club has not yet developed policy
recommendations in this area, but may choose to do so in the future.

These examples are generally directed at two strategies for reducing fugitive methane
emissions. The first is direct capture of more of the gases generated, and the other is
reduced methane generation, especially in the near term.

INCREASED GAS CAPTURE

1. Early Horizontal collectors. Landfill operators should be required to




install horizontal gas collectors in active waste-receiving areas with each elevation
change (usually daily) prior to installation of vertical gas wells, but delay operation
of the collectors unti | there is sufficient depth and cover to apply vacuum. [SCS, A-1
and A-3 (p. 4).] Horizontal collectors should be spaced to overlap each pipe's zone
of influence when negative pressures are applied under conditions without a low
permeability cover. Co-utilizing horizontal collectors for gas collection and liquid
recirculation should be prohibited.

Background. Gas is traditionally collected with rigid vertical pipes, which are
perforated, and drilled into the waste mass for most of its depth. The pipes are
connected with headers and lines to a fan that pulls gas from the surrounding
waste mass. However, substantial gas is released before these vertical pipes
can be made functional, and flexible horizontal pipes are a means to collect
some of this early gas to reduce fugitive emissions.

2. Vertical well density. Landfill operators should be required to reduce the
spacing of vertical wells from the current 300’ to 350" apart common today to not
more than 150", {SCS, A-2 (p. 4}.]

Background. The effectiveness of gas collection systems is in significant part a
function of how close the gas wells are spaced: in general, the closer they are to
each other, the more gas will be collected. When gas collection began in the mid
1990s, wells were commonly about 150 feet apart. In more recent years,
common spacing for gas wells has spread to 300-350 feet apart. The result has
been less effective gas collection.

3. Multiple wells in same bore holes. Landfill operators should be required
to install multiple vertical wells for different depths in the same bore hole in order
to allow for distinct and optimal negative pressures at each level. [SCS, A-5, at p, 4.}

Background. Landfills can often be 300 feet deep. With increasing depths, the
density of the surrounding wastes increase as well, and that means more
vacuum forces are needed to pull gas from the same distance from the
collection pipe. However, if the same force needed to draw gas at the lower
depths were used in higher depths, air would also be drawn from the surface.
When more than 5% oxygen mixes with methane in landfill gas, dangerous
conditions are created, which necessitates turning down the system to avoid
fires and explosions, but reducing collection effectiveness as well.

4. Leachate collection system to gas collection system connection,
Landfill operators should be required to connect the gas collection system to the
leachate collection system at the high side on bottom of landfill, .[SCS, A-4 (p. 4).]

Background. Landfill gas follows the path of least resistance, which can be at
the bottom of the landfill through the pathways created by the leachate lines
and their gravel packs intended to remaove leachate. Good practice is to collect




gas from the leachate take outs to prevent it being released into the
atmosphere.

5. Multiple seals around bore holes. Landfill operators should be required
to utilize at least three sets of seals, including bentonite, clay and well bore seal,
where collection weils penetrate the final composite cover in order to minimize air
infiltration and maximize vacuum forces. [SCS A-6, at p. 5] Methane leak rates
around the seals at each well head should be checked at least monthly during typical
atmospheric conditions and, if methane levels are significantly above background,
the seals should be repaired. {40 CFR §60.755(c)]

Background. Ironically, much of the gas that escapes does so through the seals
around the gas collection wells. Continuing subsidence at the surface cracks
the original seals, and they need continuing maintenance to prevent leakage.

6. Enhanced monitoring. The procedures intended to detect leaks
provided under 40 CFR 60.755(c) should be replaced with optical remote scanning
(ORS) over all surface areas of the landfill, including but not limited to areas around
gas collection wells and side slopes. EPA needs to develop standards for the method.

Background. The existing method for assessing performance of the gas
collection system is based upon checking quarterly for methane concentration
levels at the surface at 100 foot intervals on a grid. This method is often called
the “sniff test.” Because gas escapes from landfills with a final cover primarily
through tears and cracks in the plastic sheet, most leaks are probably missed.
This deficiency is exacerbated when the area near well seals, where there most
often are leaks, is avoided. New scanning systems are more effective at
assessing methane levels across the flat, horizontal surface, It is important to
improve the capability of optical systems for assessing leaks on the side slopes
where more leaks occur than through the top face.

REDUCED METHANE GENERATION

7. Installation of vertical collectors, maximum slopes and final cover.
Each landfill cell should be designed to reach final grade in not more than two years
from first waste emplacement. The active vertical collectors should be instalied at
that time and connected with headers to a vacuum system. Not more than one year
after reaching final grade, a final low permeability cover (less than 1 x 10 -5 cm/sec.)
should be installed. If a geomembrane is used to provide a low permeability barrier,
exterior side slopes should not be steeper than 4:1 to facilitate stabilization of the
clay and dirt layers in a final cover over the underlying geomembrane. [Oonk, at p.
11; SCS €-1 and D-6, at p 6-7; 56 Federal Register 104, at p. 2447 ]

Background. Although the original proposed landfill gas management rule

{1991) would have required installation of gas collection within two years, the
final rule (1996) relaxed that requirement to five years in order to
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accommodate the industry’s desire to build larger mega-fills that often
required longer to reach final grade. This created a conflict between the goals
of optimizing gas collection and optimizing the operator’s financial scale
efficiencies. Similarly, several states have found that the industry standard
used for the steepness of the side slopes (3:1 or three horizontal units to 1
vertical) cannot be stabilized in part because the overlying dirt slides off the
slippery plastic cover sheet. At least three states have required more gradual
side slopes (4:1) to help stabilize the dirt cover.

8. Delay any recirculation of leachate. Leachate recirculation should be
prohibited, at least until after an expendable low-permeability cover and active gas
collection system have been installed. {Augenstein, at p. 4,

Background, In order to induce settling, which enables the landfill owner to
resell space for disposal a second time, operators have been recirculating
leachate. Increased moisture levels accelerate decomposition and increase
compressive forces, but the result is also increased gas generation and higher
methane concentration levels during the early period of landfill operation when
gas collection either is not yet installed, or is not yet fully functional. In
addition, if there is no low permeability cover, the gas collection system vacuum
will pull air from the surface along with methane from the surrounding wastes.
Too much oxygen inflleration results in a flammable mixture. To avoid fires, the
vacuum pressures must be reduced to avoid pulling air from the surface.
However, this also means that the negative pressures fail to reach horizontally
as far, leaving more areas of the landfill uncontrolled.

9. De-water flooded vertical wells. In addition to monitoring the
composition of gas collected for oxygen and nitrogen intrusion landfill operators
should be required to monitor gas volumes to detect gas wells that may be flooded,
and to pump out flooded wells. [SCS A-8, at p. 5.}

Background. Moisture in landfills, especially prior to installation of the final
cover, can flood the gas collection piping, which compromises the ability to
collect gas. Monitoring for reduced gas flows as an indicator of this condition,
and then remedying the situation is important to a properly functioning gas
collection system.

SOURCES

Don Augenstein, et. al,, Improving Landfill Methane Recovery -- Recent Evaluations
and Large Scale Tests (2007).

Hans Oonk, Expert Review of First Order Draft of Waste Chapter to IPCC’s Fourth
Assessment Report (2008).
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U.S. Environmental Protection Agency, 40 CFR Part 60 WWW (proposed and final
rule),

Evaluation of Fugitive Emissions Using Ground-Based Optical Remote Sensing
Technology, Office of Research and Development, U. S. Environmental Protection
Agency,

Washington, DC, (EPA/600/R-07/032), February 2007

U.S. Environmental Protection Agency, Draft AP-42, Sec 2.4 Municipal Solid Waste
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not constitute an endorsement of thelr contents or conclusions. Hems marked with double asterisk (**) are
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Intergovernmental Panel on Climate Change, Fourth Assessment Report, Report of
Working Group I: “Physical Basis of Climate Change”, Figure 2.22, p. 206, Chap. 2e,
2007. [This referenced figure and page describes the original modeling that concluded
that methane was almost as important as CO; in affecting climate change over a 20-year
fime horizon—page and figure attached separatoly.]** Chapter 2 is available for downloading at:

Full Working Group ! Report is
available at:

Augenstein, Don, “Landfill Operation For Carbon Sequsstration and Maximum Methane
Emission Control: Controlled Landfilling Demaonstration Cell Performance for Carbon
Sequestration, Greenhouse Gas Emission Abatement and Landfill Methane Energy”,
Final Report, Institute for Environmental Management (IEM), February 26, 2000. [This
describes the Yolo County pilot project funded by DOE in detail after several of
operation—see later update on continuing project befow.]**

“Yolo County, California Controlled Landfill Program: Results -- 12 Years’ Operation”,
Don Augenstein, (presenter), Ramin Yazdani, Jeff Kieffer, Kathy Sananikone, John
Benemann, Landfill Learning Session, World Bank, Washington, DC, May 8, 2006, [This
powerpoint presentation (in pdf format) is an update of results from the same Yolo
County pilot project described above.]**

“Inventory of U.S. Greenhouse Gas Emissions and Sinks: 1990 — 20086, April 15, 2008,
U.S. Environmental Protection Agency. {This annual report provides the basis for
computing percentages of methane emissions and landfill gas in the U.S.; downloadable
from EPA website at ]

IPCC, “Contribution of Working Group il to the Fourth Assessment Report: Technical
Summary”, 2007

[This technical summary provides the overview of contributions of methane and waste
management activities to global greenhouse gas emissions and discusses mitigation
policies in general terms. More detailed discussion of landfill gas is in the following
document.] Available for downfoad at:

IPGC, Fourth Assessment Report, Chapter 10: Waste Management, Section 10.5.1
Reducing landfill CH4 emissions, 2007. [This section discusses emission estimates and
mitigation methods for fandfill gas and provides the basis for the lower end of the capture
ratio cited in the Task Force Report; IPCC reports can be downloaded from the IPCC
web site.] Chapter 10 on Waste Management available for downloading at:

“Evaluation of Fugitive Emissions Using Ground-Based Optical Remote Sensing
Technology”, EPA/600/R-07/032, February 2007. [This EPA Report describes testing of




two instruments that are the basis of a new fugitive gas monitoring method.]*

“Technologies and Management Options for Reducing Greenhouse Gas Emissions
From Landfills”, SCS Engineers , APRIL 2008 , California INTEGRATED WASTE
MANAGEMENT BOARD [This report is a guidance document for landfill operators of
landfills and may be useful as we consider what improvements in operations should be
recommended for consideration by EPA; however, we did not use this explicitly in
reaching the conclusions in our report.J**

“Background Information Document for Updating AP42 Section 2.4 for Estimating
Emissions from Municipal Solid Waste Landfills”, Prepared by Eastern Research Group,
Inc., for U.S. EPA, EPA/600/R-08-116, Sep. 2008. [This indicates EPA’s latest
information on fandfill emissions in preparation for planned updating of their AP-42
emission factor documents; we did not find it terribly useful in preparing the Report.]**

“Stop Trashing the Climate: Full Report”, June 2008, Institute for Local Self-Rellance, by
Brenda Platt, Institute for Lacal Self-Reliance, David Ciplet, Global Anti-Incinerator
Alliance/Global Alliance for Incmerator Altematlves Kate M. Bailey and Eric Lombardi,
Eco-Cycle, availableat -~ - . [Provides the environmental case
for zero waste approach and against Iandf:!lmg |

Center for a Competitive Waste Industry, Comments to the California Air Resources
Board on Landfills’ Responsibility for Climate Change and the Appropriate Response to
those Facts (2007). Available at

[This report provides an explanation of the issues underlying a full
understanding of landfilt gas generation, capture and energy recovery that is not
reflected in waste industry or most EPA reporis.]

Chad Leatherwood (ERG), Memorandum to Brian Guzzone, Meg Victor, U.S.
Environmental Protection Agency, Re: Review of Available Data and Industry Contacts
Regarding Landfill Gas Collection Efficiency, Dated November 18, 2002 [When EPA is
asked for the basis for its assumed 75% collection efficiency factor, it references this
memorandum prepared for EPA by its contractor, ERG. The Task Force does not agree
with the conclusions of this memo, but cites it to illustrate one of the problems. J**

SCS Engineers, Current MSW Industry Position and State-of-the-Practice on LFG
Collection Efficiency, Methane Oxidation, and Carbon Sequestration in Landfills. 2007,
Available online at

[Waste Industry position on landfill gas presented to the California Air Resources Board]

Center for Competitive Waste Industry, Critique of SCS Engineers Report Prepared for
California’s Landfill Companies on Gas Collection Performance. 2008. Available online
at . [Critique of
waste industry position.]

U. S. Environmental Protection Agency Documents -

Methane Emissions in the United States: Estimates for 1990 (Report to Congress)
(EPA 430-R-93-003)(1993)

Compifation of Air Pollutant Emission Factors (AP-42)(Fifth Edition 1998)



Development of Construction and Use Criteria for Sanitary Landfills (EPA530/SW-
19D-73){(1973)

Draft Background Paper: Changes lo the Methodology for the inventory of
Methane Emissions from Landfifls (August 26, 2004)

Geosynthetic Clay Liners Used in Municipal Solid Waste Landfills (EPA 530-F-97-
002)(Revised December 2001}

Greenhouse Gas Emissions from Management of Selected Materials in Municipal
Solid Waste (EPA 530-R-98-013)(September 1998)

Landfill Methane Qufreach Program, Crealing Partnerships and Power from
Landfill Gas (EPA-430-F-02-013)(2002)

“Measurement of Fugitive Emissions at Bioreactor Landfill”, EPA-800/R-05/096
August 2005. [This earlier EPA Report describes testing of the new monitoring
methods at a bioreactor landfill.J*

U.S. Methane Emissions 1990-2020: Inventories, Projections, and Opportunities
for Reductions (EPA 430-R-00-013)(September 1999)

Solid Waste Management And Greenhouse Gases: A Life-Cycle Assessment of
Emissions and Sinks (EPA530-R-02-006)(June 2002)

Turning a Liability into an Assetf: A Landfill Gas-to-Energy Pro,recr Development
Handbook (EPA 430-B-96-004(September 1996)

Office of Air Quality Planning and Standards and Office of Air and Radiation,
Emission Factor Documentation for AP-42, Section 2.4, Municipal Sofid Waste
Landfills (Revised 1997)

[These are the primary EPA documents that reference landfill gas emissions.]

Persons Consulted

Susan Thorneloe, EPA Office of Research and Development, re: monitoring methods.
{mainly she just sent us references and did not answer direct questions.)

Larry Bingham. He was on the original engineering team that designed the first landfill-
gas-to-energy system at the Los Angeles County Sanitation District's Palo Verde landfilt
in 1974, and who operated LFGTE systems for many years.

OTHER ONLINE RESOURCES

&
[ These sites may be useful for background information on fandfill methane and also to




understand how EPA is actively positioning LFGTE as a solution (hence the need for
Club action on this issue).

&
The bibliography (end note) list in the Institute for Local Self Reliance report "Stop
Trashing the Climate" includes hundreds of entries, many of which re-enforce the
conclusions reached by the Task Force.




wiAINE D1ATE FLANNING OFFICE
WASTE MANAGEMENT & RECYCLING PROGRAM

REQUEST FOR PROPOSALS (“RFP”): CONTRACT FOR LANDFILL OPERATIONS

l. RFP Summary

1. Date Issued: June 13, 2003

o«

Name and Location of Project: RFP "State Planning Office WM&R # 1, Contract for Landfill
Operations.” Old Town, Maine 04468:

Department: Maine State Planning Office, Waste Management & Recycling Program

Contact Person: George MacDonald, State Planning Office, Waste Management & Recycling
Program. Tel: (207) 287-8934. Address: 38 State House Station, Augusta, ME 04333-0038, E-
mail.george.macdonald@maine.qov

Pre-bid Conference: A pre-bid conférence will be held on June 23, 2003 at 10:00 a.m. at the GP
West Old Town landfill facility. At the pre-bid conference respondents will be provided an
opportunity to question the State and Georgia-Pacific Corporation ("GP") representatives and to

tour the landfill site. A written summary of questions covered at the pre-bid conference will be

distributed to all potential bidders who have received a copy of the RFP from the contact
person. The State will not be bound by oral answers provided at the conference.

Proposals/Deadline/Non-Refundable Bid Processing Fee: Respondents must send three (3)
sealed copies of their proposal, each clearly marked "Proposal: State Planning Office WM&R #
1, Contract for Landfill Operation,” to the Division of Purchases, Burton M. Gross Building, 4"
Floor, 111 Sewall Street, 9 State House Station, Augusta, ME 04333-0009, no later than 2:00
p.m., Eastern Daylight Time (EDT) on July 9, 2003. Proposals must include a $10,000 non-
refundable bid processing fee, payable by ceriified check or money order to “State of Maine,
State Planning Office.” Please note that only proposals actually received by the Division of
Purchases prior to the stated time will be considered. Bidders submitting proposals by mail are
responsible for allowing adequate time for delivery. Proposals received after the 2:00 p.m. local
time deadline, or without the non-refundable bid-processing fee, will be rejected, without
exception. Faxed and/or electronically submitted proposals will not be accepted.

Bid Opening: Bids will be opened at 2:00 p.m. local time on July 9, 2003, at the Division of
Purchases, Burton Cross Building, 4" Floor, 111 Sewall Street, Augusta, Maine 04333. .

Award: The State Planning Office plans to announce the successful bidder of this landfill
operator proposal, if any, on or before August 15, 2003. -

Questions: Any questions regarding the RFP must be submitted in writing to the contact person
listed below on or before June 25, 2003:

George MacDonald
State Planning Office
- Waste Management & Recycling Program
38 State House Station
Augusta, ME 04333-0038
george.macdonald@maine.qov

All persons requesting a copy of this RFP will be mailed a complete packet of all submitted
questions and responses on or before July 1, 2003,

Disclosure of dzta: According to State procurement law, the content of all proposals,
correspondence, addenda, memoranda, working papers, or any other medium which discloses
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lil. Scope of Services

The Scope of Services under this contract will include those listed below. The landfill will be operated
on a basis consistent with the State's waste management hierarchy, which establishes the following
priofity for the management of wastes: Reduce, Reuse, Recycle, Compost, incinerate, Landfill.
Proposals shall include how the operator intends to implement this hierarchy in regard to the wastes
that will be accepted at the landfill, other than those waste streams and volumes currently being
disposed of at the fandfill. The successful bidder will be expected to enter into agreements for the
fulfiliment of the services and related actions as presented below, as may be modified upon mutual
agreement, within the proposal.

Contract Period: No fewer than 15 and no more than 30 years, but bidders may propose a term of
years falling between 15 and 30 years in length. The successful bidder will be expected to enter into a
standard State of Maine Agreement to Purchase Services (BP54), a blank copy of which is attached to
this RFP for informational purposes as Exhibit £E. Submission of a proposal in response to this RFP will
be understood as the Bidder's acceptance of the standard contract's terms and conditions.

1. Contract Period: No fewer than 15 and no more than 30 years, but bidders may propose a
term of years falling between 15 and 30 years in tength.

2. Services to GP: The operator will enter into agreements with GP to provide the following
services:

a. Solid Waste Disposal:

i..  The operator will provide disposal capacity to GP and to any successor
operator of GP's current Old Town paper mill for (a) all mill waste currently
licensed for disposal at the landfill from the GP paper mill in Old Town, and (b)
non-hazardous ash from the proposed GP biomass facility for the duration of
the contract,

ii.  GP's tipping fees for its mill waste and biomass facility ash will be fixed for the
term of the contract as follows: (a) tipping fee for the first 50,000 tons per year -
of mill wastes and ash will be a maximum of $10 per ton for the first 5 years,
and thereafter, for the duration of the contract, adjusted with an annual CPIU
(U.S.-national) escalator, The tipping fee for mill wastes and ash beyond
50,000 but less than 75,000 tons shall be a maximum of $40.00 per ton for the
first 5 years, and thereafter, for the duration of the contract, adjusted with an
annual CPIU (U.S.-national) escalator. Tipping fees for mill wastes and
biomass ash over the 75,000 ton maximum will be assessed a tip fee at the
then prevailing market rate. The annual escalator for mill waste shall carry a
floor of 1% and will be capped at 5% per year.

iii.  Assumption of the contract between GP and Lincoin Pulp and Paper (“Lincoln”)
under which GP agreed to. accept the biomass ash from Lincoln (or its
successor at its Lincoln mill) for up to 6000 tons per year at no cost until such
time as the current builf capacity of the Landfill is filled. Thereafter, the
operator will provide disposal for that quantity of biomass ash from Lincoln on
the same terms as biomass ash is disposed of from the Georgia-Pacific mill.

iv.  The operator will provide GP with a credit for unused disposal capacity if mill
waste and biomass ash disposed is less than 50,000 tons per year. This
credit will be extended by allowing GP, at its option, to (a) during any year
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Legislative Committee Records
Resolve: State Purchase of Landfill
Includes Statements of Support

And Text of Resolve as Passed




ACTIVITY SHEET

COMMITTEE: Natural Resources

LD #: LD 1626 ,
TITLE Resolve, To Authorize the State To Purchase a Landfill in the City of Old
Town

HEARING DATE: 6/03/03
WORK SESSION DATES: 6/4/03
REPORTED OUT DATE: 6/11/03

COMMITTEE REPORT.: OTP-AM - ONTP
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[ TESTIMONY OF
o GEORGE MACDONALD, MANAGER

WASTE MANAGEMENT AND RECYCLING PROGRAM
MAINE STATE PLANNING OFFICE

SPEAKING IN SUPPORT OF LD 1626

“Resolve, To Authorize the State to Purchase a Landfill in the City of Old Town”
HEARING: June 3, 2003

Honorable Senator Martin, Honorable Representative Koffman, Distinguished
Members of the Natural Resources Committee:

| am George MacDonald, Manager of the Waste Management & Recycling Program at the
State Planning Office. | am here today to testify in support of LD 1626.

State law directs the State Planning Office to plan for the development of disposal facilities
sufficient to meet the needs of the State, as well as to recommend such facilities’
development when four years or fewer of disposal capacity remains within the State. That
policy guided the State’s acquisition of the landfill site in T 2 R 8, commonly referred to as
‘Carpenter Ridge’, and that policy remains in effect today.

What is now bafore us is the unique opportunity to address an array of needs, locally and
statewide. The proposed purchase of this operating landfill is part of the ongoing
discussions with the current owners of the paper mill in Old Town, the Georgia-Pacific
Corporation. Significantly, however, the purchase of this operating landfill not only will
assist in these discussions with Georgia-Pacific, but also will provide the State with a well--
qualified landfill site — one that is well situated and in compliance with rules and regulations
promulgated by the Maine Department of Environmental Protection that are applicable to
landfill operations.




During the current Legislative session, this Committee supported a bill, L.D. 803, which
directed the State Planning Office to search for additiona! disposal capacity within the
State, and then report our search progress and recommendations back to you within six
months. Even though that bill has died, perhaps your commitment to the underlying goal
and concept of that legislation can support the Resolve before you.

The intent of this Office is for the State of Maine to own this tandfill, and, through the use of
contracts:
s Ensure that the landfill is in full compliance with DEP rules and regulations,
pertaining to both siting and operations of landfilis; |
» Provide long-term disposal options for the Old Town paper mill and entities with
which that mill has contracts, for the current type and volume of waste being filled
at the site;
» Engage the services of a qualified landfill operator to manage the site;
¢ Enterinto a “Host Community Benefit” agreement with the City of old Town;
» Recognize and address market power concerns related to the operation of the
landfill; '
» Support the waste management hierarchy in the State, to the greatest degree
possible;
e Permit the delivery of other acceptable wastes to the site; and,
» Structure this arrangement to reduce the state's liability, financially and
environmentally, to the greatest extent possible.

Our hope is that, with your support, we will be able to achieve this acquisition.

At this point, others and | are willing to try to answer questions you may have about this
opportunity the State now has before it.

Thank you.
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Post-consumer waste is a small contribuwtor to global
greenhounse gas (GHG) emissions (<5%) wifl: total emissions
of approximately 1300 MiCOy-eq in 2005. The largest source
is land 1l methane (CH,). followed by wastewater CH, and
nifrous oxide (N,O): in addition, minor emissions of carbon
dioxide (CO,) result from incineration of waste containing
fossil carbon (C) (plastics: synthetic textiles) (high evidence,
high agreement). There are large vncestainties with respect to
direet emissions. indirect emissions and mitigation potentials
for the waste sector. These uncertainfies could be reduced
by consistent national de nitions. coordinated local and
international data collection, standardized data analysis and

eld validation of madels (medium evidence. high agreement).
With respeet to annual emissions of uorinated gases from
post-consumer waste. there are no existing national inventory
methods for the waste sector: so these ensissions are nof curently
quanti =d. If quanti ed in the future, recent data indicating
anaerobic biodegradation of ¢hioro worocarbons (CFCs) and
hiydrochloro norocarbons (HCFCs) in land 1 settings should
be considered (low evidence, high agreement).

Existing waste-management practices ean provide effective
mitigation of GHG emissions from this sector: a wide range
of mature. environmentally-effective fechnologies are available
0 mitignte emissions and provide public health. enviromnental
profection, and sustainable development co-bene ts.
Collectively. thece technologies can directly reduce GHG
enissions (throngh land 11 gas recovery. humproved land II
practices. engineered wastewater management) or avoid
signi cant GHG generation (through controlled composting
of organic waste, state-of-the-art ineineration and expanded
sanitation coversge) (high evidence, high agreement), In
addition, waste mininization. recycling and re-use represent
an important and increasing potential for indirect reduction
of GHG cmissions throngh the conservation of raw materials.
finproved energy and resowrce of ciepcy and fossil fuel
avoidance {medinm evidence, high apreement).

Becouse waste management decisions are often made
locally without concurrent quanti cation of GHG mitigation.
the importanca of the waste sector for raducing global GHG
emissions has been underestimated (medium. evidence, high
agreement). Flexible strategies and nancial incentives can
expand waste management options to achieve GHG niitigation
goals — in the confext of integrated waste management, local
technology decisions are a function of many competing
variables, including waste quantity and characteristics, cost
and nancing isswes, infrastructure requirements including
available land avea, collection and transport considerations, and
regulatory constraints, Life cycle assessment (L.CA) can provide
decision-support tools (high evidence, high asrezment),

Conumercial] recovery of land I CH, as a sowrce of
renewable energy has been practised at full scale since 1975
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and currently exceeds 105 MtCOx-eq. yr. Becmise of land 1 gas
recovery and complementary measures (increased recycling,
decreased land lling, vse of alternative waste-managentent
technologies). fand {1 CH, emissions from developed countries
liave been largely stabilized (high evidence, high agreament).
However. Jand 1 CH| emissions from developing countries are
increasing as more controlled (anaerobic) land Ling practices
are implemented: these emissions could be reduced by both
accelerating the introduction of engineered gas recovery and
encouraging alternative waste managentent strategies (medinm
evidence. medivm agreement),

Incineration and industiinl co-combustion for waste-to-
energy provide signi cont renewable energy bene ts and fossil
fuel offsets. Currently. >130 mittion fonnes of waste peryear are
incinerated at over 600 plants (high evidence, high agreement).
Thermal processes with advanced emission controls are proven
techuology but more costly than controlled land Hing with
land 11 gas recovery: however. thermal processes may become
more viable as energy prices iucrease. Becauwseland ils produce
CH, for decades, incineration, composting and other strategies
that reduce land led waste are comiplementary mitigation
meagures o land 1 gas recovery in the short- fo medinm-term
{medivm evidence, medinm agreement).

Aided by Kyoto mechanisms such as the Clean Development
Mechanisin {CDM} and Joint Implementation (M), as well as
other measures to' increase worldwide rates of fand 1l CH,
recovery. the fotal plobal economic mitigation potential for
reducing land il CH, emissions in 2030 is estimated to be
>1000 MtCOyeq {or 70% of estinnted emissions) at costs
below 100 USS/ACO-eqiyr. Most of this potential is achievable
at negative fo low costs: 20-30% of projected emissions for
2030 can be reduced at negstive cost and 30-50% at costs
<20 US$ACO-eqfyr At higher costs, niore signi cant emission
reductions are achievable, with mosi of the additional mitigation
potential coming fiom thermal processes for waste-to-energy
{medinm evidence. medium agreement),

Increased infrastructure for wasfewafer management in
developing countries can provide multiple bene ts for GHG
mitigation, improved public health. conservation of water
resonrces. and reduction of wnireated discharges to surface
water. gronndwater. 50ils and constal zones. There ave Inunsrons
mature technologies that ¢an be hnplemented to improve
wastewater collection, transpoit. re-use, recyching, freatment
and residuals management (high evidence. high agreemerit).
With zespect fo both waste and wastewater management
for developing counfries, key constraints on sustainable
development inchude the local availability of capital as well as
the selection of appropriate and fruly sustainable technology in
& particular setting (high evidence, high agreement),
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Waste generationisclosely linked to population. wbanization
and af uence, The archaeologist 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
move productive of information than any others.” (1976. p.50).
Archaeological excavations have yielded thicker cultural
layers from periods of prosperity: correspondingly. modem
waste-ganeration rates can be correlated to various indicators
of af uence, including gross domestic product (GDP)eap.
energy consumptionscap, , and private nal consumptionfeap
(Bingemer and Crutzen, 1987: Richards, 1989; Railije et al..
1992; Merting et al., 1999: 1JS EPA, 1999: Nakicenovic et al.,
2000: Bogner and Matthews, 2003: OECD. 2004). In developed
countfries seeking to reduce waste generation, a current goal is
fo decouple waste generation from economic dviving forces
such as GDP {OECD. 2003: Giegrich and Vogt, 2005: EEA.
2005). In most developed and developing cownhies with
increasing population. prosperity and uibanization. it repains a
major challenge for municipalities to colect, recycle. treat and
dispose of mereasing quantities of solid waste and wastewater.
A cornerstone of sustainable development is the establishment
ofaffordable. effective and truly sustainable woste smanagement
praclices in developing countries. Tt st be farther emphasized
that muitiple public heaith, safety and envivonmental co-
bene ts acerie fiom effective waste management praclices
which concwrrently reduce GHG emissions and improve
the quality of life, promote public health. prevent water and
soil contamination, conserve natural resources and provide
renewable energy bene fs,

The major GHG emissions from the waste sector are land U

CH, and, secondarily. wastewater CH, and N.O. In addition.
the incineration of fossil carbon results in minor emissions of
C0,. Chapter 10 focuses on mitigation of GHG emissions from
post-consumer waste, as well ag emissions from municipal
wastawater and Dhigh biochemical oxygen demand (BOD)
industeial wastewaters conveyed to public treatment facilities.
Other chapters in this volume address pre-consnmer GHG
emissions from waste within the industrial (Chapter 7) and
energy (Chapter 4) sectors which are managed within those
respective sectors, Other chapters addrass 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). Nafional data are
not available to quantify GHG emissions associated with waste
transport, including reduciions that might be achieved thvough
lower collection frequencies, higher routing ef ciencies or
substitution of renewable fuels: howeves, all of these measures
can be locally bene cial to reduce emissions.

It shonld be noted that a separate chapter on post-consumer
waste is new for the Fowth Assessment repott: in the Tlird
Assessment Report {TAR). GHG mitigation strategies for waste
were discussed primarily within the indusirial sector {Ackerman,
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2000: IPCC. 2001a). It must also be stressed that there are high
uncertainties regarding global GHG eniissions frontwaste which
result from narional and repionsal differences in de nitions. data
collection and statistical analysis. Because of space constsaints,
this chapter dozs not include detailed discussion of waste
management technologies, hior does this chapter preseribe to
any one pariicular fachnology. Rather, this chapter focnses on
the GHG mitigation aspects of the following steategies: land il
CH; recovery and utilizetion: optimizing methanotrophie
CH, oxidation in land 1l cover soils: altemative strategies o
land Jling for GHG avoidance (composting: incineration and
other thermal processes: mechanical and biological ireatment
{(MBT)): wasfe reduction through secycling, and expanded
wastewater management -to minimize GHG generation ond
einissions. In addition. using available but very limited data,
thiz chapter will discuss emissions of non-methane volatile
organic compounds (NMVOCs) from wasté and end-of-life
issuss associated with  vosinated gases,

The mitigation of GHG emissions from waste must be
addressed in the context of infegrated waste management.
Most technologies for waste managetizent are mature and have
been successfully implemented for decades in many countries.

" Nevertheless, there is signi cant potential for accalerating both

the direct rveduction of GHG emissions from waslte as well as
extended implications for indirect reductions within other
sectors. LCA is an essential tool for consideration of both the
direct and indirect inmpacts of waste management technologies
and policies (Thornaloe et al.. 2002: 20035: WRAP, 2006).
Because divect emissions represent only a portion of the
life eyele hurpacts of various waste management strafegies
{Ackerman, 2000), tlis chapter includes complementary
strategies for GHG avoidance. indirect GHG mitigation and
use of waste as a source of renewable snergy to provide fossil
fiel offsets, Using LCA and other decision-support tools.
there are many combined mitigation strategies that can be
cost-effectively implementsd by the public or private sector.
Land 1l CH, recovery and optimized wastewater freatment can
directly reduce GHG emissions. GHG peneration can be largealy
avoided through controlled aerobic composting and thermal
processes such ag ineineration for waste-to-energy. Moreover,
waste prevention, minimization, material recovery. recycling
and re-use represent a growing pofential for indirect reduction
of GHG emissions thronph decreased waste generation, lower
raw material consumption, reduced energy demand and fossil
fuel avoidance. Recent studies (e.g.. Smith eral.{ 2001: WRAP,
2006) have begun to comprehensively quantify %the signi cant
bene ts of recycling for indivect reductions of GHG emissions
from the waste sector.

Post-consmmer waste is a signd cant reneswable energy
resource whose energy value can ba exploifed through thermal
processes {incineration and industrial co-combustion), land 1l
gas utilization and the use,of anasrobic digester biogas. Waste
has an econonic advantage in comparison to many biomass
resources because it is regularly eollected at public expense
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{See also Section 11.3.1.4). The energy content of waste can
be more ef ciently exploited using thenmnal processes than with
the production of biogas: during combustion. energy is directly
derived both from biomnss (paper products, wood, nafural
textiles, food) and fossil carbon sources {plastics. synthetic
textiles). The heating value of mixed municipal waste ranges
trom <6 to >14 M¥ke (Kban and Abu-Gharasath, 1991: RIPPC
Burean. 2406). Thermal processes are most effective at theupper
end of this range whete high valuss approach Iow-grade coals
{lignite). Using a conservative value of 900 Mtfyr for total wasie
generation in 2002 {discussed in Box 10.1 below), the energy
potential of waste is approxiinately 5-13 Elfy. Assuming an
average heating value of 9}3}? for mixed waste (Domburg and
Faaij. 2006) and converting fo enargy equivalents, global waste
in 2002 contained about S‘QEJ of available energy, which could
inerease to 13 EJ in 2030 ‘l sing waste projections i Monni et
al. (2006). Currently, more than 130 million formes per year
of waste are combusted warldwide (Themelis. 2003). which is
equivalent to >1 EXfyr (assuming 9 G/t). The biogas fuels from
waste —land H gas and digester gas — typically have a heating
value of 16-22 MI/Nm3. depending directly onthe CH scontent,
Both are vsed extensively fworldwide for process heating and
on-site electrical gene:‘ati(:ﬁ: mare rarely, land 1 gas nray be
upgraded to a substitute natural gas product. Conservatively, the
energy value of land It gad cwrently being ulilized is 0.2 EI/
yr (using data from Willuntsen, 2063).

An overview of carbozl ows through wasfe management
systams addresses the issfe of carbon storage versus carbon
ynover for major wastg-management stategies linclnding
fand lﬁng, incineration and composting (Figure 10.1). Bacauge
land lls finetion as relatively inef cient anaerobie digesters.
sipni cant long-term carbon storage occurs in land s, which is
addressed in the 2006 IPCC Guidelines for Nafional Greenhouse

Carbon flows for
post-consumer waste

tandtl C
>50% Storage
VOV ,
CHy o uG . GO oo Gaseous C
fossit C emissions

Flgure 10.1: Corbon oastiraghimaor wastemenaganent systans induding
Calorzne and gasenus Cemissors. The (00, Tram biotress s nof tnduded In GH3
irvertories for wasle

Rfaaies fr CHlaapse Hibe-Harer 204 Zodidd d 2001 Balae, 1999, By,
1697, Bugre, 1900,
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Gas Inventories (TPCC, 2006). Land 11 CH,isthe major gaseons
C emission from waste: there are also minor emissions of CO,
from incinerated fossil carbon (plastics). The CO, émissions
from biomass souress — including the CO, in land 1l gas, the
CO, from composting, and €O, from incineration of waste
biomass -~ are not taken info account in GHG inventories as
thesa are coverad by changes in biomass stocks in the land-use.
land-use change and forestry sectors.

A process-oriénted perspective on the major GHG emissions
from the waste sector is provided in Figure 10.2. In the context
of a land 1l CH, mass balance (Figure 10.25). emissions are
onie of several possible pathways for the CH; produced by
anaerobic methanogenic microorganisms in lend Hs; other
pathways include recovery. oxidation by aerobic methanotrophic
microofganisms i cover soils. and two longer-term pathways:
lateral migration andintemal storage (Bogner and Spokas, 1993;
Spokas et al., 2006). With regard 1o enrissions from wastewater
transport and treatment (Figure 10.2b), the CH, is microbially
produced under strict anaerobic conditions as in fand Hs. while
the -0 is an intermediate product of microbial nitrogen cycling
promioted by conditions of reduced asration. high moisture and
abundant nitrogen. Both GHGs can be produced and emitted at

many stages between wastewater sources and nal disposal.

1t is impertant to stress that both the CH, and N,0 from the
waste sector are microbially produced and consumed with rates
controlled by temperature. moisture, pH, available subsirates,
microbial competition and many other factors. As a result,
CH; and N.O generation, microbial consmmuption, and pet
emissjon rates voutinely exhibit temporal and spatial variability
over many orders of magnitude, exacerbating the problem of
developing credible national estimates. The N,0 from land Iis
is considered an insigni cant soutrce globally {Bogner #f al..
1999; Rinne ¢t al.. 2005), but may need 1o be considered locally
where cover soils are nmended with sewage sludge (Berjesson
and Svensson, 1997a) or aerobic/semi-acrobic land Hing
practices ave mplementad (Tsyinioto et al., 1994). Substautial
emissions of CH, and N,0 can ocowr dwing wastewater
transport in closed sewers and in conjuniction with anaerobic
or aerobic treatnient. In many developing countries, in addition
to GHG emissions. open sewers and wicontrolled solid waste
disposal sites result in serious public health problems resulting
from pathogenic microorganisms, toxic odours and disease
vastors, ’

Major issues swrronnding the costs amxt potentials for
nitigating GHG emissions from waste include de nition of
system boundarizs and selection ofinedels with correct baseline
assumptions and regionalized costs. as discussed in the TAR
{PCC, 2601a). Quantifying mitigation costs and potentials
(Section 10.4.7) for the waste sector rentains a challenge due to
national and regional data uncartainties as well as the vaiety of
mature techrnologies whose diffusion is Hmited by Iocal costs,
policies, regudations, available land area. public perceptions and
other social development factors. Diseussion of technologics
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Figure 10.2: Pallnvays for GHGermissions from fand 1is

CH, f,
recovered ﬁ’ m“‘fﬁt@«ﬂ’e{a 5}3[575.
- Figure 10.2a: Smpli odfad i OHi mass beferen
e patinvays for CH, gerated In fand llerdwaste, induding

(|, emited, tecovered end addzed

Note: Not shovmt are lwo longer-term GH, pathways:
lateral CHA millgation and ifemnat changes in CH,
sloraga {Bognay and Spokas, 1093; Spokas et sl 2066)
Methane can be stored in shallow sediments for saveral
thatsand years (Coteman, 1979).

Simplified dfifi Mathane Mass Balanc
Methana {CHy) produced (massAime) = (CHy recovered + CHy amilied + CHy oxidizad)
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ndustral || onste _'disciaar__ge_--
wastewatsr .. | | - aerobicand . - PR N DR ST
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Figure 10.2h; Quenviox of waslowder systars :

Note: The major GHG emissions from wastewaler ~ CH, and NaO - can be emitted during aff stuges from sources 1o disposal, bl especiafy when coliestlon and treat-
mert are lacking. N,O results from nilcrobial N eyaling under redeced aeration; GH |, fesulls fronn anaerobic microblal decomposiion of arganic G substrates In solis,
strface waters or coastal zones. .

and mmitigation strategies in this chapter {(Section 10.4) includes  be collectively implemented to reduce GHG emissions and
a range of approaches from Jow-technology/low-cost to high-  achieve public healtl. environmental protection and sustainable
technology/high-cost measuves. Often there is no single best development objectives. ‘

option: rather. there are nutltiple measures available fo decision-

makers at the municipal leve! where several technologies may
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10.2.1 Waste generation

The availability and quality of annual data are major problents
for the waste sector, Solid waste and wastewater data are
lacking for many countries, data quality is variable, de nitions
are not uniform. and interannual variability is often not well
quanti ed. There are Hwee major approaches that have been
used to estimate global waste generation: 1) dara from national
waste statistics or swrveys, including TPCC methodologies
(IPCC, 2006): 2) estimates based on population (e.2., SRES
waste scenarios), and 3) the use of a proxy varable linked to
demogrnplic or economic indicators for which national data are
annually collected. The SRES waste scenarios, using population
as the major driver, projected continuous inereases it waste and
wastewater CH, emissions to 2030 (AIB-AIM), 2050 (B1-
AIM). or 2100 (A2-ASF; B2-MESSAGE). resulfing in current
and fowre envissions signi canily higher than those derived
from IPCC inventory procedures (Nakicenovie et al, 2000)
{Bee also Section 10.3). A major reason is that waste generation
rafes ave related to af wence as well as population — righer
societies are characterized by higher yates of wasts generation
per capita, while less af vent societies generate less waste and
practise informal recycling/re-use initiatives that reduce the
waste per capifa to be collected at the nnmicipal level. The
third strategy is to use proxy or surrogate variables based on
statistically signi cant relationships Getween waste generation

B(‘Jf 10 1 49?1 2002 Regmnai treﬂds for solid waste generatton and ia":dﬂﬂ carbcn siorage
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per capita and demographic variables, which encompass both
popudation and af vence, including GDP per capita (Richards,
1089; Merting ef al.. 1999) and energy constmption per capita
{Bogner and Matthews, 2003), The use of proxy variables,
validated using reliable datasers, can provide a cross-check on
wcertain national data. Moreover. fheuse ofa surrogate provides
a rensonable methodology for & 1arge nomber of countries where
data do not exist. a congistent methodology for both developed
and developing countries and a procedure that facilitates annual
npdates and trend analysis vsing readily available data (Bogner
and Matthews. 2003). The box below illustrates 1971-2002
trends for regional solid-waste generation using the smrogate
of energy consumption per capita. Using UNFCCC-reported
values for percentage biodegradable organic carbon in waste
for each conahy, this box also shows rends for land H carbon
storage based upon the repoyted data,

Solid waste generation rates range from <0.1 t/eap/yr in low-
income conntries to >0.8 teapiyr in hich-income industrislized
countries (Table 10.1). Even though labour costs are lower in
devaloping countries, waste management can constitute a larger
percentage of numicipal income because of higher equipment
and fuel costs {Cointrean-Levine, 1994), By 1990, many
developed counfries had initiated comprehensive recycling
progranunes, It is haportant to recognize that the psrcentages
of waste recycled. composted. fncinerated or land lled differ
greatly amongstummicipalities due to multiple factors, including
lotal economics. national policies, repulatory restrictions.
public perceptions and infrastineture requirements

usiitg a proxy vatiable,

SQIid-wasta generation rates are a functlon of both population and prosperity, but data are lacking or questienabte tor"‘:"

many couniries. This resulis in high unceriaintles for GHG emissions estimates, especially from developing countries. One -
- ’strategy Is to use a proxy variable for which nalional statistics are available on an annual basis for all countrles. For example,
using national solid-waste data from 1975-1996 that were reliably referenced to a given base year, Bogner and Matthews
~ . (2003) developed slmple linsar regression models for waste generalion per capita for developaed and developing countries,
 These emplrical models were based on energy consumption per caplta as an indlcator of affiiience and a proXy for waste
generation per capita; the surrogate relalionship was applied to annual national data using sither tolal population {developed
. countries) or urban population (developing countiles). The methodology was valldated using post-1995 daia which had not
' been used to develop the original mode! relationships. The results by region for 1971-2002 {Figure 10.3a) Indicate that ap- .~
. proximately 900 Mt of waste wars generated in 2002. Unlike projections based on population alone, this figure also shiows -
- reglonal waste-generation trends that decrease and increase In fandem with major economic trends. For comparison, recent
" waste-generation estimates by Monni et al. (2006} using 2006 inventory guldelines, indicaied about 1250 Mt of waste gener- ]
- ated In 2000, Figure 10.3b showing annual carbon storage i landifilis was developed using the same base data as Figure
.- 10.3a with the percentage of landfllied waste for each country {reported to UNFCGC) and a conservailve assumption of 0%
_carbon storage {Bogner, 1952; Barlaz, 1998). This storage is long-term: undar the anagroblc conditions In landfills, lignin doas
net degrade significantly (Chen et al., 2004), while soms cellulosic fractions are also non-degraded. The annual totals for the -
- mid-1880s and later (>30 MIG/yr) exceed estimates in the literature for the annual quantity of organis carbon partitioned lo
“long-term geologic storage In maring environmaenis as & precursor 1o future fossi fuels {Bogner, 1982). it should be noted that .
‘the anaeroblc burlal of waste In landfilis (with resulting carbon storage) has been widely implemented in developed couniries -
" .only since the 1960s and 1970s. :
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Latin America
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- Li Sub-Saharan Africa

l Counlries in Transition
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2000

" Figure 10.3h: Mrimum annual rafes of carbon sterage infend fis from 1074 2002 (Tg ©). -

Table 16.1: Mmidpd sdid waste-goreraion edles and :ééimxmmleva!s

Low Middle High
Country income income income
Annual income 825-3255 3256-100658 « »10866
{USS/capiyn)
Municipal solid waste 0.1-0.6 0.2-05 0.3t6>08
generation rate
{eapiyry

Note; Income tevels as dstined by Wodd Bank (vaviv.worldbank.omydatal
Whi2005).

Soeces. Braghe-Raez 8 |, X001, Caboosry, 2004, 2005, Uz and Bgerth, 2002, i (e
s Wil 2003, kins of & 2003 Ksaad o, 200, Qai-Bondes v Bkt Loeang
2003 Heerg e .. 2006; US B, 2003,

592

10.2.2 Wastewater genaration

Most countries do not compile annual statistics on the total
volume of municipal wastewater generated. transported and
treated. T general, about 60% of the global population has
sanitation coverage (sewerage) with very high levels (-90%)
characteristic for the population of Norih America (inclading
Mexico), Emope and Oceania, although in the last two regions
ruiral areas decrease to approximately 75% and 50%, respectively
{DESA. 2005: Jouravlev, 2004: PNUD, 2005 WHO/UNICEF/
WSSCC, 2000, WHO-UNICEF. 2005: World Bank, 20052), In
developing countries. rates of sewerage ate very low for 1ural
areas of Affica, Latin America and Asia. where septic tanks
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and Iatrines predontinate. For “improved sanitaion’ {including
sewerage + wastewater teafment, septic tanks and fatrines).
shinost 90% of the population in developed countries. but only
about 30% of the population in developing countries, has access
to improved sanifation Jouraviev, 2004: World Bank, 20052,
b). Many countries in Rastem Europe and Central Asia lack
reliable benchmaiks for ﬂie early 1990s. Regional trends (Fignre
104} indicate improved $anitation levels of <50% for Eastermn
and Southern Asia and Snb-Saharan Africa [World Bank and
IMEF, 2006). In Sub-Sahatan Aftica. af least 450 million people
lack adequate sanitation In both Southem: and Eastern Asia,
rapid urbanization is posing a challenge for the developnent of
wastewatér infrastructire, The highly whanized region of Latin
America and the Caribbean has also made slow progress in
providing wastewater treatinent. In the Middle East and Norih
Aftica. the countries of Egypt, Tunesia and Morocco have
made signi canf progress in expanding wastewater-treatiment
mfiastruchire (World Bank and IMFE. 2005). Nevertheless,
globaily, it has been estimated that 2.6 billion people luck
improved sanitation (WHQ-UNICEE, 2005),

Estimates for CH; and N,O emissions from wasiewater
tréntuent require data on degradable organic mafer (BOD:
COD!) and nitrogen. Nitrogen content can bz estimated using
Food and Agriculture Organization (FAO}) data on protein
consutnption, and either the application of wastewater treabment.
or its absence. determines the emissions. Aerobic treatment
plants produce negligible or very small emissions. whereas
in annerobic lagoons or latrines 50-80% of the CH, potential
can be produced and emitted. In addition. one must fake into
account the established infrastructure for wastewater freatiant
in developed countries and the lack of both infrastructure and

natrcial resourees in developing countries where open sewers
or informally ponded wastewaters often result in uncontroiled
discharges to swface water, soils, and coastal zones, as well
as the generation of N0 and CH;. The majority of urban
wastewster freatment fhcilities are publicly operated and only
about 14% of the fotal private investiment in water and sewerage
in the late 1990s was applied to the nancing of wastewater
collection and treahment, mainly to protect deinking water
supplies (Silva. 1998: Wotld Bank 1997).

Most wastewalers within the industrial and agricaltural
sectors are discuseed in Chapters 7 and 8, respectively. However,
highly organic industrial wastewaters are addressed in this
chapter. because they are frequently conveyed fo municipal
treatment facilities. Table 10.2 stmmarizes 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 meastsements of plant-level water quality (World
Bank, 2005s). The table indicates that total global generation
decreased >10% between 1990 and 2001: however. increasss
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of 15% or more were observed for the Middle East and the
developing countries of Sonth Asia.

~10.2.3 Development trends for waste and

wastewator

Waste and wastewater managenient are highly regulated
wifhin the ntunicipalinfiastrcture under a wide range of existing
regulatory goals to profect human health and the environment;
promote waste minimization and recycling: restrict certain
types of waste management activities; nnd reduce impacts to
residents, surface water, groundwater and soils. Thus, activities
related to waste and wastewater management are, and wili
coutinue to be. controlled by national regulations, vegional
resirictions, and local planiing puidelines that address waste and
wastewater trapgport, recycling, treatiment, disposal, utilization,
and energy vse. For developing countries. a wide range of waste
management legistation and policies have been implemented
with evelving shucture and enforcement: it is expecied that
regulatory flameworks it developing couvntries will become
nore styingent 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-
treatutent fo conserve resources and avoid GHG generation.
Recent studies have documented recycling levels of >50%

1 BOD {Bisleglcal or Biochemical Oxygen Demand) measuras ths quartity of oxygen consumed by azrohically blodegredable erganic G in wastewater, COD (Chemieal Crygen
Demand) messures the quantity of oxygen consumexi by chemical oxidation of G in wastewaler {ricluding both asrobic/anaesobic hiodegradable and nopn-bivdegradalie Cl.
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Table 10,2; Regional and gobd 1660 and 2001 generalion of high BIDIndustid wastevders oflen traaisﬂ by muicipd wastavater systams.
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Ka BOD/day o Primary | Paper Food and
[Total, Rounded] Ky BOD/worker/ metals | and puip | Chemicals | beverages | Textiles
Regions {10005} day £%) - %) {%) % ] (%)
Year| 1990 | 2001 1990 2001 2001 | - 2001 2001 2004 2001
1. QECD North America 3100 2600 0,20 0.47 g 15 11 44 7
2, OECD Paciiic 2200 1760 Q.16 0.18 8 20 3] 46
4. Europa 5200 4800 0.18 0.47 | 9 22 8 40 7
4, Countries in fransition 3400 2400 0.15 01 | 13 8 8 50 14
5. Sub-Saharan Africa 590 510 0.23 0.25 2 12 6 B0 : 13
6. North Africa 410 3380 0.20 0.18 iG 4 G 50 ; 25
7. MWiddle East 280 300 0.18 018 12 10 52 ! 11
8, Caribbean, Central and 1500 1300 | 023 024 1t 8 &1 11
South America : :
& Developing countdes, 8300 7700 0.14 016 H 14 10 36 15
East Asia :
10. Developing countries, 1700 2600 a.18 0186 5 7 6 42 i 35
South Asia
Totat for 1-4 {developed) 13900« 11500 !
Total for 5-10 (developing) | 12800 . 12200 ! B

noto: Perconlages am incleded Tor major industial sactors {all olher secters <1095 of total BOD}.

Sogen Wi B 2000

for speci ¢ waste fractions in some developed counties {ie.
Swedish BEnvirommental Profection Agency. 2005). Recent
US data indicate about 25% diversion, including more than
20 states that prohibit land Iling of garden waste (Simmons
et al., 2006). In developing counfries, a high level of labour-
infensive informat recyelitig often occurs. Via varions diversion
and small-scale yeeyeling activities. these who make their
living from decentralized waste management can sipni eantly
reduce the mass of waste that requires more cenfralized
solutions: however. the challenge for the future is to provide
safer. bealthier working conditions than currently experienced
by scavengers on uncontrolled dumpsites. Available studies
indicate that secycling activities by this sector can generate
sigiti cant employment, especially for women, through creative
micro nance and other smail-seale 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 atiained
{Iskandar, 2001},

Trends for sanitary land lling and altemative waste-
management fechnologies differ amongst countries. In the
EU. the future land Uing of organic waste is being phased
out via the land U directive {Council Directive 1999/31/EC).
while engineered gas recovery is required at existing sites
(BU, 1999). This divective requites that. by 2018, the mass
of biodegradable organic waste annualty land lied must be
reduced 65% relative to land Hed waste in 1995, Several
conntries (Germany. Austria, Denmark. Netherlands. Sweden)
have accelerated the EUT schedule diwough more stringent
bans on land lling of organic waste. As a result. incieasing

45: 1.3

quantities of post-consunier waste are now being diveried to
incineration. as well as 1o MBT before land Hing fo 1) recover
reeyelables and 2) reduce the organic carbon content by a partial
aerobic composting or anaerobic digestion (Stegmann, 2005).
The MBT residuals are often, but not alwaye, land iled after
achieving organic carbon reductions to comply with the EU
land 1l directive. Depending on e types and quality control of
various separafion and freatment processes. a variety of useful
recycled streams are also produced. neineration for waste-
to-energy has been widely tmplemented in many European
countries for decades. In 2002, EU WTE plants generated 41
million GI of electrical energy and 110 million GT of thermal
energy (Themelis. 2003). Rates of incineration are expected fo
increase in parallel with implemention of the tand 1l directive,
especially in cownries such as the UK with historically fower
rates of incineration compared to other Furopean covnfries.
In North America, Australia and New Zealand, controlled
land Hing is continuing as & dominant method for large-scale
waste disposal with mandated compliance to both land lling
and air-quatity regnlations. T paratlel, larger quantities of
land [ CH, ave annwally being recovered. both fo 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'land ilsto compress
the time period during which high vates of CH, generation ocecur
{Reinhart and Townsend. 1998: Reinhart et al.. 2002: Berge et
al.. 2005): bioreactors will also require the easty imiplementation
of engineered gas extraction. Incineration has not been widely
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implemented in these countries due to historically low land 11
tipping fees in many regions. negative public perceptions and
Idgh capital costs. In Japan, where open space is very Hmited
for construction of waste management infrastructure, very high
rates of both recycling and incineration are practised and are
expected to contiime into the future. Historically. there have
also been ‘semi-aerobic” Japanese land Us with potential for
NAO generation (Tsujimoto et al.. 1994). Similar aerobic (with
air) land 1l practices have also been studied or implemented
in Europe and the US for reduced CH, generation rates as an
alfernative fo. or in combination with. anaerobic (withowt air)
practices (Ritzkowski and Stegmann, 2005).

In many developing cowutries, current frends snegest
that increases in confrolled land lling resulting in anserobic
decomposition of organic waste will be implemented in parallel
with increased wbanization. For sapidly growing ‘mega
cities”, engineered land ls provide a waste disposal solution
that is more environmentally acceptable than open dunpsites
and wicontrolled burning of waste, There are also persuasive
public heaith xeasons for implementing controlled land Iling
— urban residents produce more solid waste per capita than
rural inbabitants, and large amounts of unconfrelled refuse
acewshulaling in areas of high population density are lnked
to vermin and disease (Christensen, 1989). The process of
converting open dumping and burning to engineered land s
implies control of waste placement. comipaction. the nse of
cover maferials, implementation of swface water diversion
and drainage. and management of leachate and gas. perhaps
applying an intermediate level of technology consistent
with Hmited nancial resources (Savage et al., 1998), These
practices shift the production of CQ, (by buming and aerobic
decompositiosn) to anaerobic production of CH,. This is largely
the same transition that ocewrred in many developed countries in
the 1950-1970 time fianze. Paradexically, this results in higher
rates of CH, ceneration and emissions than previous open-
dumping and buming practices. In addition, many developed
and developing countries have historicaily implemented large-
scale aerobic composting of waste. This lias often been applied
to nrixed waste. which, in practice. is similar to implementing
an iuitial aerobic MBT process. However. source-separated
biodegradable waste sireams are preferable to mixed waste
in order to produce higher quality compost products for
horticultural and other uses (Diaz et al.. 2002: Parla. 1997). In
developing coundries. composting can provide an affordable.
sustainable alternative to confrolied land lling. especiaily
where more Iabow-infensive lower teclmology strategies
are applied to selected biodegradable wastes (Hoomweg
et al, 1999). It remains to be seen if mechanized recyeling
and more costly alternatives such as incineration and MBT
will be widely implemented in developing countries, Wliere
decisions regarding waste nanagement are made at the lacal
level by communities with limited nancial resources seeking
the least-cost environmentally acceptable soluton - often thiis
is land Hing or composting (Hoomweg. 1999: Hooruweg et
al., 1999; Johannessen and Boyer. 1999). Accelerniing fhe
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introductionofland 1l gas extraction and ntilization canmitigate
the effect of increased CH, generation at engineerad land lls.
Although Kyoto mechanisms such as CDM and JI have already
proven useful in this regard. the post-2012 situation is wnclear.

With tepard fo wastewater trends. a current pyiority in
developing cowntries is to increase the historically low rates of
wastewater collection and treatment, One of the Millenninm
Developmeni Goals (MDGs) is to reduce by 50% the number
of pecple without access to safe sanitation by 2015, Oune
steategy may be to encourage more on-site sanitation rather
than expensive transport of sewerage to ceniralized treatment
planfs: this sirategy has been successful in Dakar, Senegal, at
the cost of about 400 USS per household. It has bean estimated
that. for sauilation. the amnval investment must increase from
4 billion USS 10 18 billion US$ fo achieve the MDG target,
mostly in East Asia. South Asia and Sub-Saharan Africa (World
Bank, 2005a).

10.31 Global overview

Quantifying global trends requires anual national data on
waste production and managentent practices. Estimates formany
cauntries are uncertain because data ave lacking, inconsistent ox
incomiplete: therefore, the standardization of terminology for
national waste statistics would greatly improve data quality for
this sector, Most developing countries use defanlt data on waste
genheration per eapita with inter-annnal changes assumed to be
propartional to total or urban population. Developed countries
use niore detailed methodologies. activity data and emission
factors, as well as pational statistics and swrveys, and ars sharing
their methods through bilateral and multilatera! initiatives.

For land 1 CH,, the largest GHG emission from the waste
sector, emigsions eontinue several decades after waste disposal;
thus, the estimation of emission trends requires models that
include temporal frends. Methane is also emiited during
wastewater transport. sewage treatiment processes and leakages
from anaerobic digestion of wasie or wastewater sludges.
The major sources of M, are human sewage and wastewater
treatment. The CO, from tlie non-bionzass portion of incinerated
waste 15 a small source of GHG emissions. The IPCC 2006
Guidelines also provide methodologies for CO,. CH, and N,O
emissions from open buming of waste and for CH, and N0
emisstons from composting and anacrobic digestion of biowaste.
Open buming of waste in developing countries is a signi cant
local source of air polhution. constituting a health risk for nearby
communities. ComposHng and other biological treatments emit
very simall quantities of GHGs but were included in 2006 IPCC
Guidelines for completeness,

5495
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Table 10.3: Tends for GGenissions fromwaste tsing (a) 1905 arvt (0) 20068 IFOC iverdory quiddlines, extrapdiations, and projections (VIOD,-6q, revkr) E
Source 1900 | 1005 | 2000 [ 2005 | 2010 | 2016 | 2020 | 2090 | 20%0 |
Landfil CH,2 760 770 1 730 750 | 760 790 820 ‘f
Landiil GH,b 240 00 . 450 526 | edo 800 1000 1800 | 2000
Landfiti GH, 550 585 590 63 . 700 795 | 910 :
(average of = and ¥ i !
Wastewater CH,p - 450 40 | 520 500 | 600 830 670 _
Wastewatar N0 80 0 ! a0 100 100 100 100 |
Incineration GO,b 10 o | 50 50 60 80 80 0 1 a0
Total GHG emissions 1120 1205 | 1250 1345 1460 1596 1740

Noles: Emissicné estimates ano projections as !of!ow&‘

# Based of reportaed emissions from nalional iventoties and national commemications, and for nenreporting counlres) en 1996 kwentory guidslines and extrapota-

lfonis {UB EPA, 2006).
© Based on 2005 Inventory gultielines and BAU prolection (Mol at al., 2008),

Tolal includes fandfill GH, (averags), wastewater GH,, wastewater N,Q and inglnaration GO,.

Overell, the wnste sector contributes <5% of global GHG
entissions, Table 10.3 compares estimated emissions and trends
from two studies: US EPA (2006} and Monni ef 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 snpplentented
data gaps with estimates and extapolations based on IPCC
default data and simple mass balmce caleulations using the
1996 IPCC Tier 1 methodology for land 1l CH,. Monni et
al. (2006) calculated a time series for land 1l CH, using the

wt-order decay (FOD) methodology and default data in the
2006 TPCC Guidelines, taking into account the time lag in
land I emissions compared to year of disposal. The estimates
by Monni et al. {2008) are lower than US EPA (2006} for the
period 1990-2005 because the former re ect slower growth in
entissions relafive to the growth in waste. However, the firnre
projected growth in emissions by Monni ¢t al. (2006) is higher.
because recent Enropean decreases in land Hing are re ected
more stowly in the fuhwe profections. For comparison. the
reported 1995 CH, emissions from land s and wastewater
from national inventories were approximately 1000 MICOseq
(UNFCCC, 2005). In general. data from Non-Annex I conniries
are Hmited and usnally available only for 1994 {or 1990), Inthe
TAR, amual global CH, and N,O emissions from all sources
were approximately 600 Tg CHy/yr and 17.7 Tg Niyr as N,0
{(IPCC, 2001b). The direct comparison of reported emissions it
Table 10.3 with the SRES A1 and B2 scenarios (Nakicenovie
et al.. 2000) for GHG emissions from waste is problematical:
the SRES do not include land ll-gas recovery (commercial
sinice 1975) and project contitmous increases in CH, emissions
based only on population increases to 2030 (ATB-ATM) or 2100
(B2-MESSAGE). resulting in very high emission estimates of
>4000 MICOy-eqfyr far 2050.

Table 10.3 indicates that total emissions have historically
inerensad and will continue to increase (Monni et al.. 2008:
US EPA, 2006 see also Scheehls and Kruger. 2006). However,
between 1990 and 2003. the percentage of total global GHG

595

emissions fiom the waste sector declined 14-19% for Armex
I and EIT covntries (UNFCCC. 2005). The waste secior
contributed 2-3% of the global GHG total for Annex I and
EIT counfries for 2003. but a higher percentage (4.3%) for
non-Amnex 1 countries (various reporting years from 1990~
2000) (UNFCCC. 2005). In developed countries, land H CH,
ewnissions are stabilizing due to increased land 1l CH, recovery,
decreased land Hing, and decreased waste generation as a vesult
of local waste management decisions including recycling, local
economic conditions and policy initiatives. On the other hand.
rapid increases in populstion and urbanization in developing
countries are resulting in increases in GHG emissions from
waste. especially CH, from fand iis and both CH, and N,0
from wastewater. CH; emissions from wastewater alone are
expected to increase almost 30% between 1990 and 2020,
especially ite the rapidly developing couniries of Hastern and
Scuthem Asia (US EPA. 2006: Table 10.3). Estimates of global
N.O emissions from wastewaler are incomplete and based only
on hmnan sewage treatinent, 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 conld be much lower if
additionalmeasures are in place. Fumre reductions i emissions
from the waste sector will partially depend on the post-2012
availability of Kyote mechanisms such the CDM and J1.

Uncertainties for the estimates in Table 10,3 are dif cult to
assess and vary by source, According to 2006 IPCC Guidelines
(IPCC. 2006). uncerfainties can range from 10-30% (for
countries with good annual waste data) to mors than twofold (for
cawrtries without annual data). The use of defaunlt data and fhe
Tier I mass balance method (from 1996 inventory guidelines)
for many developing countries would be the major source of
uacertainty i both the US EPA (2006) study and reported GHG
emissions (IPCC. 2006). Bstimates by Momni 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
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the use of default data for waste generation. plns the stitability
of parameters and chosen methods for individual counfries.
However. although country-speci ¢ uncertainties may be laree.
the uncertainties by region and over time are estimated fo be
smalier.

10.3.2 Landfilt CH,: regional trends

Loand Il CHy has histotically been the largest source of
GHG emissions from the waste sector. The growth in land 1
emissions has diminished during the Iast 20 years due to
increased rates of land I CH, recovery in many countries
and decreased vates of tand lling in the EU. The recovery and
utilization of land 1t CHyj as a source of renewable energy was

13t commercinlized in 1975 and is now being fmplemented
at >1150 plants worldwide with emission reductions of >105
MICO,eqfyr (Wiltumsen, 2003; Bogner and Matthews, 2003).
This number should be considered s minimum becanse there
are also many sites that recover and  are land 11 gas without
energy recovery. Figure 10.5 compares regional emissions
estimates for ve-year intervals from 1990-2020 (US EPA,
2006) to annual historical estimates from 19712002 (Bogner
and Matthews, 2003). The frends converge for Europe and the
OECD Paci ¢, but there are differences for North America and
Asia related to differencey in methodologies and assumptious,
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" A comparison of the present rate of land Ul CH, recovery
to estimated global emissions (Table 10.3) indicates that the
minimum recovery and utilization rates discussed above =105
MtCOy-eq yr) curvently exceed the average projected increase
from 2005 te 2010, Thus. it is reasonable to state that land 1I-
CHj recovety is beginning to stabilize emissions fromt this
source. A linear regression using historical data from the early
1980s to 2003 indicates s conseriative syvowth rate for Iand 1
CH, utilization of approximately 5% per year (Bogner and
Matthews, 2003). For the BU-13. trends indicate that land 1
CH; ewissions are declining substantially, Between 1990 and
2002. Jand [ CH, emissions decreased by almost 30% (Deuber
et al.. 2005) due to the early implementation of the land 11
divective (1999/31/EC) and similar national legislation intended
to both reduce the lend lling of biodegradable waste mnd
increase land 1l CH, 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 (EBA. 2004).

For developing couniries. as discussed in the previous
section (10.3.1), rates of land 1l CHj emissions are expected
fo increase concurrently with increased land Hing. However.
incentives such as the CDM can accelerate rates of land 11 CH,
recovery and use in parallel with improved Iand Hing practices.
In addition, since substantial CH, can be emiited both before
and after the periad of active gas recovery. sites should be
encouraged, where feasible. to install horizontal gas collection
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systems concurrent with Hing and iniplement solutions to
mitigate residual emissions after closure (such as land 1
biccovers to microbially oxidize CHy—see section 10.4.2),

10.3.3 Wastewater and human sewage GH, and
N,C: regional trends

CH, and N,0 can be produced and emitted during municipal
and industrinl westewater collection and freatment, depending
on transpott, treatment and operating conditions. The resulting
sludges can also microbially generate CHy and N,0, which
may be emitted without gas capture, In developed conntries.
these emissions are typically small and fcidental because of
extensive infrastructire for wastewater treatment, veuaily
relying on centialized treatment. With anmerobic processes.
biogay is praduced and CH, can be emifted if coutrol measures

Waslewater CHy emissions, 1950
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are lacking: however, the biogas can also be used for process
hieating or onsite electrical gensration.

In developing counfries, due to rapid population growth and
wbanization without concurrent development of wastewater
infrastructure. CHy and NaO emissions from wastewater are
generally higher than in developed counfries. This can be seen
by examining the 1990 estimated CH, and N,O emissions
and projected trends to 2020 from wastewater and human
sewage (UNFCCC/APCC. 2004: US EPA. 2004). However,
data reliability for many developing counties is uncertain.
Decentralized ‘natoral’ freatment processes and sepfic tanks
in developing countries may also result in relatively large
emissions of CH, and N.O. particularly in China, India and
Indonesia where wastewater volumes are increasing rapidly
with economic developnient (Scheehle and Doom, 2003).

Wastewatsr CH,; emissions, 2020
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Figure 10.6a: Regiona disibution of O, emissions fromwastavaer and humen sevege In 1690 and 2020, See Teble 102 for lote emissions.
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The highest regional percentages for CH, emissions fiom
wastewater are from Asia (especially China, India). Other
counttries with high emissions in theirrespective regions include
Twkey, Bulgaria, Iran, Brazil, Nigeria and Bgypt. Total global
emissions of CH, from wastewater handling are expected fo
rise by more than 45% from 1990 fo 2020 (Table 10.3) with
nch of the increase from the developing coutries of East and
Souih Asia. the middle East. the Caribbean, and Centval and
Sonth Awmerica, The EUT has projected lower emissions in 2020
relative to 1990 (GS EPA. 2006).

The contribution of human sewage to atmospheric N0
ix very low with emissions of 80-100 MtCO;-eqiyr during
the period 1990-2020 (Table 10.3) compared to current fotal
global anthropogenic N2O emissions of about 3500 MICOyeq
(US EPA. 2006). Emission estimates for N>O from sewage for
Asia. Africa, South America and the Caribbean ave signi cantly
underestimated shice limited data sre available. but it is
estimnated that these couatries accounted for >70% of global
emissions in 1990 {INFCCCAPCC, 2004). Compared with
1990, it is expected that global emissions willrise by about 20%
by 2020 (Table 10.3). The regions with the highest relative
N,0O emissions are the developing countries of East Asia. the
developing countries of South Asia, Burepe snd the OECD
North America (Figwe 10.6b). Regions whose emissions are
expected to increase the most by 2020 Gwith regional increases
of 40 fo 95%) are Africa. the Middle East, the developing
conniries of § 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 Couniries.

10.3.4 CO, from waste incineration

Comparedioland lling, waste incineration and other thermal
processes avoid most GHG generation, resulting only i1 minoy
entissions of CO» from fossil C sources, including plastics and
synthetic textiles. Bstimated current GHG emissions from waste
incineration are small. aronnd 40 MiCOreg/yr. or less than
one tenth of land 1 CH, emissions. Recent data for the FU-15
indicate CO. emissions from incineration of about 9 MICQ,-
eq/yy (BIPPC Bureaw. 2006). Future trends will depend on
enesgy price nctuations. as well as incentives and costs for
GHG witigation. Monni et al. (2006} estimated that incinerator
emissions would grow fo 80-230 MtCOyeqgfiyr by 2050 (not
including fossil fuel offsets due to energy recovery).

Major contributors fo this minor sonwree 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 Switzerfand. Inciiteration rates are increasing in nrost
Furopean countries a5 a result of the EU Land 1 Directive.
In 2003. sbout 17% of municipal solid waste was incinerated
with energy recovery in the EU-25 (Ewrostat. 2003; Sfatistics
Fintand. 2005). More recent data for the EU-15 (BEIPCC, 2006)
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indicate that 20-25% of the total mmunicipal solid waste is
incinerated ar aver 400 plants with an average capacify of about
500 tid (range of 170-1400 t/d). Tn the US, only abont 14%
of waste is ineinerated (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 MiCOy-eqfyr when fossil-fuel offsety were
taken jnto account,

In developing cowuries. controlled incineration of waste is
infrequently practised because of high eapital and operating
costs, as well as a history of previous unsnstainable projects.
The wnconirolled buming of waste for volwne reduction in
these countries is still a common practice that confribuies to
whan air poliution {Hoomweg. 1999). Incineration is also not
the technology of choice for wet waste, and municipal waste
in many developing countries confains a high percentage of
food waste with high moisture contents. It some developing
countries, however, the rate of waste incineration is increasing,
In China, for example. waste incineration has increased vapidly
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 Chinia, 2006).

10.4.1 Waste management and GHG-mitigation
technologies

A wide range of mature technologies is available to initigate
GHG emissions from waste. These fechnologies include
land Ming with fand 1} gas recovery (reduces CH, emissions),
post~-consumer recycling (avoids waste generation). composting
of selected waste fractions (avoids GHG generation). and
processes that reduce GHG generation compared to land Hing
{thermal processes including incineration and industrial co-
combustion, MBT with land lling 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 diivers for both waste
moanagement and GHG mitigation. There are many appropriate
low~ o high-technology strategies discussed in this section
(see Figure 10.7 for a qualitative comparison of technologiss).
At the ‘high fechnology® end, there are also advanced thermal
processes for waste such as pyrolysis and gasi cation, which
are beginning to be applied in the EUL Japan and eslsewhere,
Because of variable feedstocks and high unit costs, these
processes have nof been routinely applied to mixed municipal
waste at large scale (thousands of tonnes per day). Cosfs and
potentials are addressed in Section 104.7.
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10.4.2 CH; management at landfills

Global CH; emissions from Iand lls are estimated fo be
S00-800 MICOn-eqfyr (US EPA. 2006 Monni et ab
2008: Bogmer and Matthews 2003). However, direct eld
medsuremernits of land 1l CH, emissions at small scale (<Im?)
canvary over seven orders of magnitude (0.0001—>1000 g CH. s
m*/d) depending on waste composition, cover materials,
soi! maofsture, temperature and other variables {Boguer ef al.,
1997a). Results from a limited number of whole land 1 CH,
emissions ameasurements in Furope, the US and Seuth Aﬁma
are in the range of about 0.1-1.0 tCH /Mma/d (Nozhevnikova et
al, 1993; Conk 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 land Il gas extraction
system using vertical wells or horizontal collectors is the
single most important mitigation measure to reduce emissions,
Infensive eld studies of the CH, mass balance at cells with #
variety of desien and management practices have shown that
>90% recovery can b2 achieved at cells with nal cover and an
ef clent gas extraction system (Spokas et al.. 2006). Some sites
may havelessef cientoronly partial gas extraction systems and
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there are fugitive emissions from land lled waste prior to and
after the implementation of aclive gas extraction; thus estimates
of ‘lifetime’ recovery of ciencies may be as low as 20% (Qonk
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 Hing, frequent motitoring
and remediation of edge and piping leaknges, insfallation of
secondary perimeter extraction systems for gas migration and
emissions confrol. and frequent inspection and maintenance
of cover materials. Currently, land Il CHj is being used to
fuel industrial boilers: fo generate electricity using internal
combustion engines. gas twbines or steam turbines: and to .
produce a substirute natural gas after removal of CO, and teace
components, Although electrical output ranges from small
30kWe microtubines to 50 MWe steam turbine generntors,
most plants are in the 1-15 MWe range. Signi cant barriers to
increased diffusion of land I 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 ufilities/pipeline companies to transport small
percentages of upgraded land I gas in natural gas pipelines.
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A secondary contral on land 1 CHy emissions is CHj
oxidation by indigenons methanotrophic microorganisms in
coversoils, Land llsoils attainthe highest rates of CH, oxidation
recorded in the literature. with rates many times higher than
in wetland settings. CH, oxidation rates at land s can vary
over several orders of magnitude and range from negligible
10 100% of the CH, ux to the cover, Under circumstances of
high oxidation potential and low ux of land 1l CH, from the
land 1L, it has been demonstrated that atmospheric CH, may
be oxidized at the land I surface (Bogner et al., 1995: 1997h;
1999; 2005: Borjesson and Svensson,.1997b). It such cases,
the land 1l cover soils fimnction as a sink rather than a sonrce of
atmospheric CHj. The thickaess. physical properties moisture
content, and temperature of cover soils diverily affect oxidation.
because rates are lHmited by the transport of CH; upward fiom
anaerobic zones and O, downward fiom the atmosphere.
Laberatory sfudies have shown that oxidation rates in land I
cover soils may be as high as 150-250 ¢ CH, mdfd (Kightley
et al., 1995: de Visscher et al,, 1999), Recont eld studies have
demonstrated that oxidation rates can be greater than 200 g/
m¥d in thick. compost-amended *biccovers® engineerad fo
optimize oxidation (Bogner et al.. 2005; Huber-Humer. 2004).
The protolype biocover derign includes an underlying coarse-
grained gas distribution layer to provide more uniform uxes
to the biocover above (Huber-Humer 2004). Furthermore,
engineered biocovers have been shown fo effectively oxidize
CH, over multiple annual eycles innorthern femperate climates
{(Humes-Humer, 2004). In addition fo biocovers. if is also
possible to design passive or active methanotrophic bio Iters
to reduce fand 1 CH; emissions (Gebert and Gr ner f, 2006;
Bireese and Stegmann, 2005). In  eld settings. stable C' isotopic
techniques have proven extremely ugeful to quantifyy the fraction
of CH, that is oxidizad in land Il cover soils {Chanton and
Liptay. 2000: de Visscher et al., 2004: Powelson et al.. 2007).
A secondary bene t of CH; oxidation in cover soils is the co-
oxidation of many non-CH, organic compounds, especiaily
aromatic and lower chlorinated compounds, thereby reducing
their emissions to the atmosphere (Scheutz et al.. 2003a).

Othier measures to reduce land 1l CH, emissions include
installation of geomembrane composite covers (required in
the US as nal cover): design and installation of secondary
perimeter gas extraction systems for additional gas recovery;
and implementation of bioreactor fand 11 designs so that the
period of active gas production is compzesseé while early gas
extraction is implemented.

Land llsareasignd cant source of CH; emissions, but they
are also a long-tenm sink for carbon (Bogner, 1997: Barlaz,
1998. See Figure 10,1 and Box 10.1). Since lignin is recaleitrant
and cellulosic fractions decompose slowly, a mininuun of 50%
of the organic carbon land lled is not typically converted to
biogas carbon but remains in the land I (See references cited
on Figwe 10.1). Carbon storage makes land ling a more
competifive altemative from a climate change perspective,
especially where land 1l gas recovery is combined with energy
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use (Flugsiud et al. 2001: Micales and Skog, 1997: Pingoud et
al, 1996; Pipattt and Savolainen, 1996: Pipatti and Wikersaari,
1998). The fiaction of carbon storage in land 1is can vary over
a wide range. depending on original waste composition and
Iand 1 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 Szction 7.3.3). Incineration reduces the mass of -

waste and can offset fossil-fnel use: in addition, GHG emissions
are avoided. except for the smalt contribution from fossil carbon
{Consonni etal., 2005). Incinaration has been widely applied in
many developed cowntries. especiafly those with limited space
for land IHng such as Japan and many Europesn countries,
Globally, about 130 million fonnes of wasle are anmually
combusted in =600 plants in 35 countries {Themelis, 2003).

Waste incineraftors have been extensively used for more
than 20 years with increasingly stringent emission standards
in Japan, the EU, the US and other countries. Mass buning is
relatively expensive and, depending on plant scale and ve-gas
treatizent, currently ranges from about 85-150 €/t waste (87—
140 USEH) (Faaij ot al., 1998: EIPPC Bureau, 2006), Waste-
to-energy plants can also produce useful heat or electdeity,
which improves process economics. Japanese incinerafors have
routinely impleniented energy recovery or power generation
{Japan Ministry of the Environment, 2006). In northern Europe,
urban incinerafors have historically supplied fuel for district
heating of residential and commercial buildinge. Starting in the
1980s. large waste incinerators with shingent emission standards
have been widely deployed in Germany, the Netherlands and
other European eountries. Typically such plants have a capacify
of abowt 1 Mt waste/yr, moving grate boilers (which allow
mass buming of waste with diverse properties), low steam
pressures and temperatures (to avoid corrosion) and extensive

ue gas cleaning to confornt with EU Directive 2000/76/EC. In
2002, European incinerators for waste-to-energy generated 41
million GJ electrical energy and 110 million G¥ thenmal eneigy
{Themelis. 2003). Typical elechicnl ef ciencies are 15% to
>20% with more ef cient designs becorning available, In recent
years, more advanced combustion concepts have penetrated the
miarket, including  uidized bed technology.

10.4.4 Biclogical treatment including composting,
anaerobic digestion, and MBT (Machanical
Biclogical Treatment)

Many developed and developing countries practise
composting and anasrobic digestion of niixed waste or
bicdegradable waste fractions (kitchen or resfaurant wastes.
garden waste. sewage sludge). Both processes are best applied
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to source-separated waste fractions: anaevobic digestion is
particularly appropriate for wet wastes, while composting is
often appropriate for drier feedstocks. Composting decomposes
waste aerobically into CO.. water and a humic fraction;
some carbon storage also oecuss 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 higlily mechanized
technology at large scale is typically more approprinte and
sustainable; Hooraweg et al. (1999) give examples from India
and other countries. Depending on comipost quality. there
are many potential applications for compest in agriculture,
herticulture, soil stabilization and soif improvement (increased
organic matter. higher water-holding capacify) (Cointranu,
2001). However. CH; and N»O can boih be formed dwing
composting by poor management and the initiation of semi-
aerobic (N.0) or anasrobic {CH;} conditions: recent studies

also indicate potential production of CH, and N+O in well-

managed systems (Hobson et al,, 2005).

Anaerobic digestion produces biogas (CHy -+ CO,;) and
biosolids. In particular. Denmark, Germany. Belgimn and
France have implemented anaerobic digestion systems for
waste processing, with the resulting biogas nsed for process
heating. onsite electrical generation and other uses. Minor
quantities of CH, can be vented from digesters duting stant-ups,
shutdowns and malfinctions. However, the GHG emissions
from controlled biological treatnient are simall in comparison to
wicontrolled CH, emissions from land s without gas recovery
(e.z. Petersen et al. 1998: Hellebrand 1998: Vesterinen 1996;
Beck-Friis. 2Q01; Dietzel ef al. 2003). The advantages of
biological treatment over land Hing 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 CHj-oxidizing biocovers on land ils (Barlaz et al,,
2004: Huber-Hunzer, 2004), or land led at reduced volumes
with lower CH 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 fonnes with lasger plants having a
capacity of 600-1300 tonmes/day (Diaz et al.. 2006). Mixed
waste is subjected to & series of mechanical and biological
operations to reduce volune and achieve partiat stabilization of
the organic carbon. Typically. mechanical opsraticns (sorfing,
shiedding, crushing) st prodice a series of waste fraciions for
recyeling or for eubsequent treatment (including combustion or
secondary biological processes). The biological steps consist of
either aerobic composting or anaerobic digestion. Comgposting
cant 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
hasticultural or agricutturat applications: some MBT residuals

602

{8 of 34

http:l/mvw.ipcc.ch/pdf/assessment-report/ar4/wg3/ar4—wg3-chaﬁter...

Chanter 10+

are land Hed. or soil-like residuals can e used as land 1
cover. Under land |l conditions. residual materials retain some
potential for CH, generation {Bockreis and Steinberg. 2005).
Reductions of as much as 40-60% of the original crganic
carbon are possible with MBT (Kaartinen, 2004), Conipared
with land lling. MBT can theoretically reduce CH, generation
by as much as 90% (Kuehle-Weidemeier and Doedens, 2003).
It practice, reductions are smaller and dependent on the speci ¢
MBT processes einployed (ses Binner, 2002),

10.4.5 Waste reduction, re-use and recycling

Quantifying the GHG-reduction bene ts of waste
minimization, recycling and re-use requires the application
of LCA tools (Smirth 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. Bf cient use of materials alo reduces
waste. Material ef ciency can be de ned as a reduction in
primary materials for a particular purpose. such as packaging
or construction, with no negative impaet on existing hvinan
activities. At severnl stages in the life cycle of a product,
material ef ciency can be increased by more of cient design,
raaterial substitution, product recycling. materinl recycling and
quality cascading (use of recyecled material for a secondary
product with lower quality demands). Both material recyeling
and quality cascading ocowr in many connfries at large seale
for metals recovery (steel, aluminium) and recycling of paper.
plastics and weod, All these measures lead to indirect energy
savings, reductions in GHG enissions, and aveidance of GHG
generation, This is especially frue for produets resulting from
energy-infensive production processes such as mefals, glass,
plastic and paper (Tulkanen et al.. 2001).

The magnitude of avoided GHG-emissions bene fs from
recycling is highly dependent onthe speci ¢ materials involved,
the recovery rafes for those materials, the local options for
managing neaterials, and (for enerpy offsets) the speei ¢ fossil
fuel avoided {Smith et al.. 2001), Therefore. existing studies
are often not comparable with respect to the assumptions and
caleulations employed, Nevertheless, virtually afl developed
countries hate implemented comprehensive national. regionat
or local recycling programmes, For example. Smith et al.
(2001) thoronghly addressed the GHG-emission bens ts fiom
recycling across the EU, and Pimenteira et al. (2004) quanti ed
GHG ¢mission reductions from recycling in Brazil,

10.4.6 Wastewater and sludge treatment

There are many available teclmologies for wastewater
management, collection. treatment, rve-use and disposal,
ranging from patural puri cation processes to energy-intensive
advanced technologies. Althongh decision-malting foolz are
available that include anvironmental rade-offs and costs (Ho,
2000}, systematic global studies of GHG-reduction potentials
and costs for wastewater are still needed. Witen ef ciently
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applied, wastewater fransport and freatment techumologies
reduce or eliminate GHG generation and emissions: in addition,
wasfewater management promofes water conservation by
preventing pollution, reducing the volume of polutants, and
requiring a smaller volomre of water to be treated. Because
the size of treatment systems is primarily governed by the
volume of water fo be freated rather than the mass loading
of nitrogen and other pollutants. smaller volumes mean that
smaller treatiment plants with lower capital costs can be more
extensively deployed. Wastewater collection and transport
includes conventional {deep) sewerage and simpli ed (shallow}
sewerage. Deep sewerage in developed countries has high
capital and operational costs. Simpli ed {shallow) sewerage in
botl: developing and developed countries uses smaller-diameter
piping and shallower excavations. resulting in lower capital
costs (30-50%) than deep systems.

Wastewater freatnient removes pollutants using a variety
of technologies. Small wastewater treatment systens include
pit latrines, composting toilets and septic tanks. Septic fanks
are inexpensive and widely used in both developed and
developing countries. Improved on-site treatment systems
used in developing conntries include inverted trench systems
and aerated treatment units. More advanced freatment systems
include activated sludge treatinent, frickling lers. anaerobic
or facultative lagoons. snaerobic digestion and constructed
wetlands. Depending on scale, imany of these systems have been
used in both developed and developing couniries. Activated
sludge treatment is considered the conventional method for
large-scale ireatment of sewage, In addition, separation of black
water and grey water canreduce the overall energy requirements
for treatment (UNEP/GPA-UNESCOAHE, 2004). Pretreatment
or limitation of industrial wastes is often necessary fo limit
excessive pollutant loads to municipal systems. espeeially
when wastewaters are contantinated with heavy metals, Sludges
(or Liosolids) are the product of most wastewafer treatment
systems. Options for sludge treatment include stabilization.
thickening, dewatering, anaercbic digestion. agricultural re-
use, drying and incineration. The use of composted sludge as a
soil conditioner in agriculture and horticulture recycles carbon,
nitrogen and plosphors (and other elements essentisl for plant
growth). Heavy metals and some toxic chemicals are dif cult
to remove from shudge: either the limitation of industrial inpnts
or wastewater pretreatment is needed for agricnltural use of
slodges. Lower quality uses for studge may include mine site
rehabilitation. higlroray landseaping. orland il cover (including
bincovars). Some sludges ave land Hed, but this practice may
result in increased volatile siloxanes and HyS in the land 1l gas.
Treated wastewater can either be re-used or discharged. but re-
use is the most desirable option for agricultural and horticulturat
irrigation.  sh aguacultowe, arti cial recharee of aquifers. or
industrial applications.
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10.4.7 Waste management and mitigation costs and
potentials

In: the waste sector, it is often not pogsible to elearly separate
costs for GHG mitigation from costs for waste management, I
additien. waste mianageiment costs can exhibit high variability
depending on local conditions. Therefore the baseline and cost
assunzptions, loeal availability of techmofopies. and economic
and social development issues foralternative waste management
strategies need to be carefully de ned. An older smdy by de
Tagerand Blok (1996) assumed a 20-year project life to compare
the cost-effectiveness of various options for mitigating CH,
emisstons from waste in the Netherlands, with costs ranging
from —2 US$AC0,-2q for land Hing with gas recovery and on-
site electrical generation o =370 USSACO-eq for incineration.
In general. for land 1l CH, recovery and utilization. project
economics are highly site-speci canddependentonthe nancial
arrangenents as well as the distribution of bene ts. risks and
responsibilifies among nltiple parfuers. Some representative
wnit’ costs for land H-gas recovery and ufilization (all in
2003 USH/KW instailed power) are; 200-400 for gas collection;
200300 for zas conditioning (blowar/compressor, dehydration,

are): 850-~1200 for infernal combustion engine/generator: and
250-350 for planning and design (Willmnsen, 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 couniries with
data, this shidy compared emissions and eosts for various waste
management practices with respect to direct GHG emissions,
carbon sequestration. fransport emissions, avoided emissions
from recycling dne to niaterial and energy savings, and avoided
emissions from fossil-fuel substitufion via thermal processes
and biogas {including land 1l pas). Recycling coste are Liphiy
dependent on the waste material recycled, Overall, the nancial
suceess of any recycling venture is dependent on the cumrent
market value of the recycled products. The price obtained
for recovered materials is typically lower than separation/
reprocessing costs, which ¢ be, in tumn, higher than the
cost of virgin materials — thns recycling activities usually
require subsidies (except for alwminivm: aned paper recycling).
Recycling, composting and anaerobic digestion ean provide
Iarge potential emission reductions, but further implementation
is dependent on reducing the cost of separate collection (10—
400 €/t waste (9—-380 USE/)) and, for composting. establishing
local markets for the compost product. Costs for composting
can fonge from 20-170 €% waste (18156 USS/) and are
typically 35 €/t waste (32 USSH) for open-windrow operations
and 50 €/t waste (46 USSA) 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 fo recyeling (averaging 64 €/t
waste {59 US3/). with a range of 30-150 €/t (28-140 E53/0).
Land H disposal is the most inexpensive waste management
option in the EUJ (averaging 56 €/ waste (52 US$/). ranging
from 10-160 €/t waste (5147 USS/A), including taxes). but it is
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also the largest source of GHG emissions. With inproved gas
management, land 1l emissions can be signi canily reduced at
low cost. However, land Hing costs in the EUF are increasing
due to increasingly stringent regulntions. taxes and declining
capacity. Although there is only sparse information regarding
MBT costs, German costs ave about 90 €/t waste (83 USSA,
including land 1 disposal fees), recent data suggest that. in
the future. MBT may become more cost-compatitive witl
land ling and incincration.

Costs and potentials for reducing GHG emissions from
waste are usually based on [and 1l CH, as the baseline (Bates
and Haworth, 2001: Delhotal et al. 2006; MMonni er al. 2006
Nakicenovic et al., 2000; Pipatti and Wihersaari 1998). When
reporting to the UNFCCC, most developed countries take the
dynamics offand 1f gas generationinto account; however. nrost
developing countries and non-reporting countries do not. Basing
their stady on reported emissions and projections. Delhotal et
al. (2006) estimated break-even costs for GHG abatement from
land 1 gas utilization that ranged from about —20 to ~+70 US3/
1CO;-eq. with the lower value for direct use in industrial
boilers and the higher value for on-site electrical generation.
Trom the same study. bresk-sven costy (all in USSACO;-eq)
were approximately 35 for land H-gas aring: 246-270 for
composting: 40-430 for anaerobic digestion; 360 for MBT and
270 for incineration. These costs ware based on the EMF-21
stucly (US EPA. 2003), which assumed a 15-year technology
lifetitne, 10% discount rate and 40%6 tax rate.

Compared to thermal and biological processes which only
affect foture emissions, land 11 CH; is generated from waste
land Iled inprevious decades, and gas recovery. inturn, reduces
entissions from waste Jand lled in previous years. Most existing
studies for the waste sector do not consider these temporal
issues. Monni et al. (2006) developed baseline and mitigation
scenarias for solid waste managementusingthe  rstorder decay
(FOD) methodology in the 2006 IPCC Guidelines, which takes
into acconnt the timing of emissions. The bLaseline 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 scenatio Alb). 2) waste
management strategies will not change signi cantly, and 3}
fand 1l gas recovery and utilization will continue to increase at
the historical rate of 5% per year in developed countries (Boguer
and Matthews. 2003: Willomsen, 2003). Mitigation scenarios
were developed for 2030 and 2050 which focus on increased
land 1l gas recovery. increased recycling, and increased
incineration. In the increased iand H gas secovery scenario,
recovery was estimated to increase 159 per year, with most of
the increase inn developing countries because of (DM or similar
incentives (above baseline of curent CDM projects). This
growth rate is about triple the current rate and cosrasponds to &
reasonable upper Hinit, taking info sccount the fact that recovery
in developed countries has already reached high levels, so that
increases would come mainly from developing countries, where
cvwrent lack of funding is a barrier to deployment. Land 1 gas
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recovery was capped at 75% of estimated annual CH, generation
for developed countries and 50% for developing countries in
both the baseline and increased land 11 gas recovery scenasios.
Tn the increased incineration scenario, incineration grew 5%
eaclt year in the countries where waste inc ineration cccurred in
2000, For OECD connfries where no incinerafion fook place in
2000. 1% of the waste generated was assumed to be incinerated
in 2012, In non-OECD counfries. 196 waste incineration was
assumed to ba reached only in 2030, The maximum rafe of
incineration that could be implemented was 33% 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 mavimum of 60% recyeling (CEPL. 2003). This
maxinum was assuned to be reached in 2050. In the mitigation
sceparios. only direct emission reductions compared fo the
baseline CH, emissions from Jand s were estimated — thus
avoided emissions from recycled materials. reduced energy
use, or fossil fuel offsels were not included. Tu the baseline
scenario (Figure 10.8), emissions increase threefold during
the period fiom 1990 to 2030 and more than  vefold by 2030.
These prowth rates do not include current or planned le gislation
relating to either waste minimization or fand Iing ~ thus futuye
emtissions may be overestimated. Most of the increase comes
from non-OECD countries whose current enissions are smaller
because of lower waste generation and a higher percentage of
waste degrading aerobically. The mitigation scenarios show
that reduefions by individual measures in 2030 range from 5-
20% of total emissions and increase propottionally with time.
In 2050, the corresponding range iz approximately 10-30%.
As the measvres in the scenarios are largely additive. total
mitigation potentials of approximately 30% in 2030 and 50%
in 2050 are projected refative to the baseline. Nevertheless. the
estimated pbatement potential is not capable of mitigating the
growth in emissions.

The baseline emission estimates in the Delliotal et al. {2006}
study are based on similar assumptions to the Monnt et al.
(2006) study: population mnd GDP growth with increasing
anowtts of Iand lled waste in developing countries. Baselines
also include documented or expected changes in disposal
rates due to composting and recycling, as well as the effeets
of land 1l-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 cen be attributed to
the inclsion of current and planned policies and measures 10
reduce emissions, plus the fact that historical emissions from
priot land led 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 apunal regional waste-
generation estimates for the Global Tintes niodel by using static
ageregate emission coef cients calibrated to regional FOD
models, Some niodi cations to the assumptions used jn the
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Figure $0.8: Gobel CH, emissions fiom land Iisin ksding srenamo conyered
o the following mitigation scererios: incressed indreration, (DM ending by 2012
erdcftha rst Kyofo conmitment pariod), Incressed reyding, end hightlend i H,
reco ey rates inducing cotinustion of (DN efter 2012 {donni ¢ &, 2000, The
emisson reductions estimated in the mitigalion scengsios ave lagely addied fo
2050, This qeredsoindudes he UBEPA(2006) basdline scenesto for land 1Oy
srmissions fram Detholal of &, 2006},

scenario development were also made; for example, recycling
was exciuded due to ifs economic complexity. biological
traatment was included and the technical ef eiency of land 11-
gas recovery was assumed the same in alf regions {75%). Cost
daia were taken from various sources (de Feber & Gielen, 2000;
OECD, 2004: Hoornweg, 1999).

Asin the EMF-21 study (US EPA, 2003). both Delhotal eral.
(2006) and Monni et al. (2006) assumed the same capital costs
for all regions, but used regionalized labour costs for operations
and maintenance.
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Delhiotal ef 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 sieni cant
sednctions would be possible (more than 80% of baseline

emissions) with most of the additional mitigation potential -

coming from thermal processes for waste-to-snergy. Since
combustion of waste results in minor fossil CO, emissions.
these were considered in tlie calculations. but Table 10.4 only
includes emissions reductions from land 1t CHy. In general,
direct GHG emission reductions from implementationofthernmal
processes are much less than indirect reductions due to fossil
fuel replacement, where that occurs. The emission reduction
potentials for 2030 shown in Table 104 are assessed using &
stendy-state approach that can overestimafe near-term amual
reductions but gives nrore realistic values when infegrated over
time,

The economie mitigation potentials for the year 2030 in
Table 10.5 take the dynamics of land 11 gas generation into
account. These estintates are derived fron: the static, long-term
mitigation potentials previously shown in Table 10.4 (Monni
et al. 2006). The upper limits of the ranges assume that land I
disposal is limited in the coming years so that only 13% of the
waste generated globally is land led after 2010. This would
mean that by 2030 the maximun 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 12 ect a
mote realistic timing of implementation in accordance with
emissions in the high land 1 gas recovery (HR) and increased
incineration (I) scenarios (Momui et al.. 2006).

It tust 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 methodclogies that are relatively unsophisticated. It

is alse important to point out that the cost estimates are global '

Table 10.4: Fomomic redudion potendtial for (H, emissions. fram lend led waste by levdl of sreaginat s for 2000 and 2030 hased ot sleady sldemodd 5

. US$ACO -equivalent

2020 . .

{Delhotai et al.; . .

2008) L i 15 30 45 : 60
CECD 12% £0% 46% 67% 92%
BT NA NA NA NA NA

Non-OEGD ‘ MA NA NA : NA NA

Globat 12% 41% 509 57% 268%
2080 ’ . _ :

(Monnl et al., 2008) 0 i0 20 | 80 100
-QECD 48% £6% 89% 949 95%
e 31% 80% G3% 999 100%
‘Non-OECD 32% 38% 50% T7% 88%%
“Glotal a5% 5396 63% 83% 91%

= The stend-state ANpHOAC e 10 Overestinse the PER-1e AT Teauction patented DUt Oves e resftslic Feais when rtegrater O UM
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Table 10.5: Eoonoric potertial for mifigaticn of regiond 1and Il OHy envssions af various cost alegories in 2000 fromieskmetes by Mol et d., 2006). Seenoes.

“Total economic mitigation Economig mitigation mtmﬁé{shﬁttgggﬁ at various cost categories
Projected emissions potential IMICO-eq) et - .
Regicn for2e3p - at<100 US$ACO,-eq . <D 0-20 20-50 50-100
QECD 360 100-200 100120 20-160 0-7 1
EIY 180 ) 100 30-60 20-80 5 1-10
Non-QECD 960 200-700 200-300 30-100 0-200 0-70
Global 1500 400-1600 300-500 70-300 5200 10-70

Holes:
1. Cosls and polentals fer waslevwater mitigaton are rot available.

2. Reglonal numbers are rounded 10 reflect tha uncertalnty In the estimates and may not equal glotial totals.

3. Landiifl carbon sequastralion is not considered.

4. Tha timing of Measures limiting 1anafili disposat alfest tha annual migation polentid in 2030, The upper limits of the ranges given assume that lasdill disposal
is fimitodi in ihe coming yoars 1o 1536 of the wasla ganeraled globally. Tiha lower finits comraspond 1o tha sum of tha mitigation polential in tha kgh rocyeling and

Increased incineralion scenarios I thoe Monnt at ai. 2006 study.

averages aid therefore not necassarily applicable fo loeal
conditions.

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

The CFCs and HCFCs regulated as ozone-depleting
substances {ODS) under the Monwreal Protocol can persist
for many decades in post-consumer waste and occwr as trace
components in land 1 gas (Scheutz et al.. 2003). The HFCs
regulated under the Kyoto Protocol are promoted as substitutions

for the ODS. High global-warming potential (GWP) uorinated

2ases have been used for moxs than 70 years: the most important
are the clilore torocaibons (CFCs), hiydrochloro uorocarbons
(HCFCs) and the hydro uorocarbons (HFCs) with the existing
bank of CFCs and HCFCs estintated to be >1.5 Mt and 0.75 Mt,
respectively (TFFEoL. 2005: IPCC, 2005). These pases 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 nse or just after end-of-life. For the
rigid foams. releases during use are small (Kjeldsen and Jensen.
2001, Kjeldsenand Scheutz, 2003, Scheutzet4l. 2003b), somost
of the original content is still present at the e of their useful
life, The rigid foams include polyurethane and polystyrene nsed
a¢ insulation in appliances and buildings: in these, CFC-11 and

CFEC-12 were the niain blowing agents wntil the mid-1990s. .

After the mid-1990s, HCFC-22, HCFC-141b and HCFC-142b
with HFC-134a have been vsed (CALER. 2000). Considering
that home appliances are the foans-containing product with the
lowest lifetime (average maximum lifetime 13 years, TFFEoL,
2005), o signi cant 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, Gamien
et al, 1986) and most of the worinated gases in building
insulation have not yet reached the end of ftheir useful life
(TFFEeL. 2005). Daniel et al, (2007) discuss the uncertainties
and some possible temporal trends for depletion of CFC-11 and
CFBC-12 banks.

8086

Consumerproducts confaining  uorinated gases aremanaged
in different ways. After 2001, land 1t disposal of appliances
was prohibited in the EU (IPCC. 2005), resulting in appliance-
recyeling facilities, A similar system was established in Japan
in 2001 (JPCC, 2005). For other developed countries. appliance
foams are often buried in land s either directly or following
shredding and mietals recyeling. For rigid foams. shredding
resulis in an instantaneous release with the fraction released
related to the nal particle size (Ejeldsen 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 land I dispasal (Schewtz ot
al.. 20057). In the US and other countries., appliances typically
vndergo mechanical recovery of ferrous metals with land 1L
disposal of residuals. A study has shown that 8-40% of the CFC-
11 is lost during segregation (Schemiz et al., 2002; Fredenslund
et al, 2005). Then, during land Hing. the compactors shwed
residual foam materials and further enhance instantaneous
gaseony relenses.

In thie anaerobic Iand 1! environment, some uorinated gases
may be biodegraded because CFCs and, to some extent. HCFCs
can wdergo dechlorination (Scheutz ef ak, 2003b). Potentiatly
this may result in the production of more foxic intermediate
degradation products {e.g.. for CFC-11. the degradation products
can be HOFC-21 and HCFC-31). However, recent laboratory
experiments have indicated rapid CFC-11 degradation with
onily minor production of toxic intermediates (Scheutz et al..
2005b). HFCs have not been shown to undergo either anaerobic
or acrobic degradntion, Thus. land Il attenuation processes may
decrease emissions of some  uworinated gases, but not of others,
However. data ave entively Iacking for PFCs, and  eld studies
are nzeded to verify that CFC's and HCFCs are being attenuated
in situ in order to guide fimre policy decisions.
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10.4.9 Air quality issues: NMVOCs and combustion
emissions

Land Il gas contains frace concentrations of aromatic.
chlorinated and uorinated hydrocarbons, reduced suiphur gases
and other species, High hydrocarbon destruction ef ciencies
are typically achieved in enclosed aves (>99%), which are
recommended over lower-ef ciency open ares. Hydrogen
sulphide is mainly a problem at land Uis which co-dispose large
quantities of construction and demolition debris containing
gypsum board. Emissions of NO, can sometimes be a problem
for permitting land 1f gas engines in strict air quality regions.

Af land H sites. recent eld studiey hove indicated thaf
NMVOC uxesthrongh nal covermaterialsare very small with
both positive and negative uxes ranging from approximately
108 to 10 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 recaleitrant to aerabic
degradation (especially higher chlorinated compounds), while
low o nesative emissions (uptake from the atmosphere) are
observed for species which are readily degradable in aerobic
cover soils, sneh as the sromatics aud vinyd chloride (Schentz
et al., 2003a).

Uncontrolled emissions resulting from waste incineration
are not permitted in developed countries, and incinerators are
equipped with advanced emission conirols. Modemn incinerators
st meet stringent emission-control standards in Japan. the
EU. the US and other devaloped countries (EIPPC Buream
2006). For reducing incinerator emissions of volafile heavy
mietals dnd dioxins/dibenzofurans, the removal of batteries,
other electronic waste and polyvinyl chioride (PVC) plasfics is
recommended prior to combustion (RIPPC Bureau, 2006).

GHG emissions from waste are divectly affected by numerous
policy and regulatory strategies that encourage encrgy recovery
from waste. restrict choices for ulimate waste disposal, promote
waste recyeling and re-use. and encourage waste minitization.
In many developed countries. especially Japan and the EUL
waste-mianagement policies are closely related to and integrated

with climate policies. Although pelicy instruments within

the waste sector consist mainly of regulations. there are also
economic mmeasuras to promote recyeling. waste minimization
and selected waste management technologies. In industrialized
conntries, waste minimization and recycling ave encouraged
through both policy and regulatory drivers. In developing
counfries. major policies are ailned atrestricting the uneontrolled
domping of waste, Table 10.6 provides an overview of policias
and measures, some of which ave discussed below.
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10,51 Reducing landfill GH, emissions

There are two major strategies to reduce land 1t CHj
emissions: implensentation of standards fhat vequire or
encourage land 11 CH, recovery and a reduction in the quantity
of biodegradable waste that is land lled. Inthe US. land 11CH,
einissions areregulated indirectly under the Clean Air Act(CAA)
Amendments/New Source Perfonnance Standards (NSPS) by
applying a land il-gas generation model. cither measured or
default mixing ratios for total non-methane organic componnds
(NMOCs). and restricting the emissions of NMOCs, Lasger
quantities of land 1 CH, are also being annually recoverad to
both comply with air-quality regulations and provide energy.
assisted by nmational tax credits and local renewable-energy/
green-power initiatives. As discussed above, the EU land it
directive (1999/31/EC) requires s phased reduction’inland lled
biodegradable waste to 50% of 1995 levels by 2009 and 35%
by 2016, as well as the collection and  aring of land Ul gas at
existing sites (Commission of the European Community, 2001).
However, increases i the availability of land 1f altematives
{recycling. composting, incineration, anacrobic digestion and
MRBT) are required to achieve these regulatory goals (Price,
2001).

Land H CH; recovay has also been encowaged Dby
economic and reguiatory incentives, In the UK, for example,
the Non Fossil Fuel Obligation, requiring a portion of electrical
generation capacity from non-fossil sonrces. provided a major
incentive for land Il gas-to-electricity projects during the
1980s and 1990s. Tt has now been replaced by the Renewables
Obligation. In the UUS, as mentioned above, the implermentation
of CAA regulations in the early 1990s provided a regulatory
driver for gas recovery at large land llst in parallel, the US
EPA Land Il Methane Outreach Program provides technical
support, tools and resources to facilitate land H gas utilization
projects in the US and abroad. Also, periodic fax credits in
the US have provided an economic incentive for land H gas
wiilization — for example. almost 50 of the 400+ conumercial
projects in the US started up in 1998, just before the expiration
of federal fax credifs, A small US tax credit has again become
available forland 1f gas aud other renewable energy sources; in
addition, some states also provide economic incentives through
tax structures or renewable energy credifs and bonds. Other
drivers include state requirements that a portion of electrical
energy be derived from renewables. green-power programines
(which allow consnmers to select renewable providers), re gional
progranunes to reduce GHG emissions (the RGG/ Regional
GHG Initiative in the norfheastern states; a state programme in
Californin) and voluntary markets (such as the Chicago Climate
Exchange with binding commitments by members fo reduce
GHG emissions).

In non-Annex I countries, it is anticipated that land 1l CH,
secovery will increase signi cantly in the developing counties
of Asia. South America and Africa during the next two decades
as controlled fand 1fing is phased in as a major waste-disposal
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Tahte 10,8; Sarples of pedicies arnd measres lor theweste inanaament sedar.
Type of
Policles andmeasures  _jActhiyaffected . |GHGaflected  |instuments
Reducing fandfill CH, emissions '
Standards for lancfill payformance to reduce landiill Management of landfill sites GH; Regquiation
CH, emissions by capture and combustian of tansiif Economic Incentive ™
gas with or without enaigy recovery
Reduction in biodegradable waste thaf is tandifiled. Disposal of blodegradable wasta CH, Regutaiion
Promoting incineration and other thermal processes for waste-to-ehergy
Subsidies for construction of Inginerator combined Performancs standards for inginerators Co, Regulatian
with standards {or enargy efficiensy GH,
Tax exemption for ejectricily generated by waste Enerqgy recovery from incineration of waste | CO, Economic incentive f
incineration with energy recovery CH,
Promoting waste minimization, re-use and recovery
Extended Producer Responsiblity Manufagture of products CO, Reguiation
{EPB} Recovery of used products CH, Voluntary -
Disposal of waste Fluminated gases :
Unit pricing / Variahlo rete pricing / Pay-as-you-throw | Recovery of used products GO, Economic incenlive
{PAYT} Disposal of wasle GH, :
Landfili tax Recovary of used products GO, Regutalion’
Disposal of waste CH,
Separate collection and recovery of specilic waste Recovery of used products CQG, Subsldy
fractions Disposal of waste CH,
Promotion of the use of recycled producls Manufacturing of products co, Regquiaiion
. CH, Voluntary
Wastewateor and sludge treatment
Collection of GH, from wastewaler reatmant system | Managemant of wastewater freatment CH, Regulation
sysiem Voluntary
Post-consumer managament of fluorinated gases
Substitutes for gases used commercially Production of fucrinated gases Fluorinated gases | Regulation *
Economic incenlive
Voluntary
Gollection of lluorinated gases from end-of-life Management of end-cf-ife products Fluorinated gases | Regulfation
products 7 o Voluntary
J1 and COM in waste managemient sector
Jdl and CDM Landfil gas and blogas recovery CO, Kyoto mechanksm
CH,

shafegy. Where this occurs In paraitel with deregulated
electrical markets and more decentralized electrical generation,
it can provide a strong driver for increased land 1l CH recovery
with energy use. Signi cantly. both JI in the EIT counfries and
the recent availability of the Clean Development Mechanism
{CTM) in developing countries are providing sfrong economic
incentives for improved land Hing practices (to permit gas
extraction) and Jand 1L CH, recovery. Box 10.2 summarizes the
important role of land H CH, recovery within CDM and gives
an example of a successiul project in Brazil.

10.5.2 Incineration and other thermal processes for
waste-to-enargy

Thermal processes can ef ciently exploit the energy value
of post-consumer waste, but the high cost of incineration with

608

emisgion confrols restricts its sustainable application in many
developing countries. Subsidies for construction of incinerators
have been implemented in several counfries, usnally combined
with standards for enemgy of ciency (Austdan Federal
Government, 2001: Government of Japan., 1997). Tax exemptions
for, electricity generated by waste incinerators (Govermnment
of the Netherlauds. 2001} and for waste disposal with energy
recovery (Governntent of Norway, 2002) have been adopted.
In Sweden, it has bean illegal to land 1 pre-sorted combustible
waste since 2002 (Swedish Environmental Protection Agency.
200%5). Land 1 taxes have also been implemented in a Aumber
of EU countries to elavate the cost of land Hing to encourage
more costly alternatives (incineration, industrial co-combustion,
MBT). Inthe UK. the fand il tax has also been used as a funding
mechanism for envirommental and community projects, as
discussed by Mouris et al. (2000) and Grigg and Read (2001},
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10.5.3 Waste minimization, re-use and recycling

Widely implemented policies include Extended Producer
Responsibitity (EPR). unit pricing (or PAYT/Pay As You Throw)
and land 11 taxes. Waste reduction can also be promoted by
recycling programmes, waste minimization and other measures
(Miranda et al., 1994: Fullerfon and Kinnaman. 1996). The
EPR. regulations extend producer responsibility to the post-
consumer peried, thus providing 2 strong incentive to redesign
products using fewer materials as well as those with increased
recycling potential (OECD, 2001). Initially, EPR progranunes
were reported to be expensive (Hanisch, 2600} but the EPR
concept is very broad: a number of smecessfol schemes have
been implemented in various cowntries for diverse wnste
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 agrsements
have reshuctured waste management over (e past 15 years
{Giegricls and Vogt. 2005). ‘

Unit pricing has been widely adopted to decrease jand Hed
waste and incresse recycling (Miranda et al., 1996). Some
nwnicipalities have reported a secondary mecrease 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 ef cient collection of recyclable maferials is
needed with both PAYT and land 1l tax systems. For kerbside
programntes, the percentage recycled is related to the ef ciency
of kerbside collection and the duration of the programme
{Tenkins et al. 2003). Other policies and measures include
local subsidies and educational programmes for collection of
recyclables. domestic composting of bicdegradable waste and
procurement of recycled products {zreen procurement). In
the US, for example, 21 states liave requirements for separate
collection of garden (green) waste. which is divested to
composting or used as an alternative daily cover on land ls.

10.5.4 Policies and measures on fluorinated gases

The HFCs reguiated under the Kyoto Profocol substitufe
for the ODS. A number of countriss have adopted collection
systems for products still in use based on voluntary agresments
(Austrian Federal Government, 2001) or EPR regulations for
appliances (Govermnent of Japan. 2002). Boththe EU and Japai
fiave successfully prohibited land il disposal of appliances
containing ODS foams after 2001 (TFFEoL. 2003),

10.5.5 Clean Development Mechanism/Joint
Implementation :

Because lack of nancing is amajor impediment toimproved
waste and wastewater management in EIT and developing
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countries, the JT and CDM have been usefil mechanisms for
obtainipg 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
infeastructure for collection and frestment of municipal
wastewaters. Thus, the bene ts from JI and CDM are twofold:
improving waste management practices and reducing GHG
emissions. To date, CDM has assisted many land 1l gas recovery
projects (see Box 10.2) while improving fand Il operations.
because adequate cover miaterials are required to niinimize
air intrusion during gas extraction (to prevent internal land I

res). The validation of CDM projects requires attention to
baselines, additionality and other criteria contained in approved
mefhodologies (Hiramatsu et al., 2003): however, for land 1
aas CDM projects, certi ed emission reductions (CERs. with
wnits of tCO2-eq) are determined divectly from quanti cation
of the CH, captured and combusted. In mauy countries, the
anaerobic digestion of wastewaters and sludges could produce
2 useful biogas for heating use or onsite electrical gensration
{Governmenf of Japan. 1997: Government of Republic of
Poland. 2001): such projects could also be suitable for JI and
CDM. Tn flie futuee. waste sector projects invelving municipal
wasiewaier freatment, carbon storage in Jand 1is 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 affacting 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 atfects 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 dematerizlization, is often discussed in the context of
sustainable development. Many developed countries have
reported recent decoupling trends (CECD. 2002a). but the
fiterature 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 enviroumental problems
related fo waste are not fully internalized. In Asia. Japan and
China are both encouraging ‘circular economy’ or ‘sound
material-cycle society® as a new development strafegy. whose
core concept is the circwlar (closed) ow of materials and the
wse of raw materials and energy through multiple phases (Japan
Ministry of the Environment. 2003: Yuan et al.. 2006). This
approach is expected to achieve ef cient economic growth
while discharging fewer pollutauts.
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= Box 10.2: Significant role of jandiilt gas recovery for CDM proiects:'overif'iew_iahd example

A8 of fate Otober 2006, 376 CDM projects had achleved registration. Thase Include 33 fandfill gas projects, which collectively - -
“total 12% of the annual average CERs (12 mililon of approximately 81 million GERs por year). [http:/focdm.unfecc. Int/Projects/
' raglstered.htmi). The ple chart shows the distribution of landfill gas GERs by country. Most of these projects afe located In
"1 atin America and the Caribaan region (72% of landfill gas CERs), dominated by Brazil {nine prolects; 48% of CERs). Some
" projects are flaring gas, while athers are using the gas for orsite elackrcat generation or direct-lise projacts {including
“ Jeachate ovaporation}. Although eventual landfill gas utilizalion 1s desirable, an inillal flaring project under CDM can simplify
- the CDM process (fewer participants, lower capital cost) and penmit definition of composite gas quantity and quality prior to

- capital lnvestment in engines or other utilizatton hardwars.

Costa Rica

Bl Salvador [,
. 1%
2%
Tunesia & Frojects <100,000 CERAr
3%, 3%

Mexico O
3%
China

6%

Chile &
7%
Brazil
46%
Argentina
119%

Armenia T————
16%

_ Figure 10.9; Distibution of land 1f gas (DM projects based on axrege an-

- e OFRsTor tegislereciprojecisiate Crtcher 2006 infooc.ong) Indtdes 10.9 M
OO torland I CH, of 91 M toial CERs. Frojects < 100,000 GRS W erslocated
" inlsradd, Beivia, Bangadesh and Wdeysia

In 2002, the Johannesburg Summit adopted the Miilennium
Development Goals fo reduce the number of people without
access to sanifation services by 50% viathe nancial. technical
and capacity-building expertise of the international community.
Ifachieved. the Johannesburg Summit goals would signi cantly
reduce GHG emissions from wastewater.

10.5.7 Co-benefits of GHG mitigation policies

Most policies and measures in the wasfe sector address
broad environmental objectives, such as preventing poliution,
mitigating odours. preserving open space and maintaining air.
soil and waler quality (Bumley. 2001). Thus. reduetions in GHG
enmssions frequently oceur as a co-bene t of regulations and
policies not undertaken primarily for the purpose of climate-
change mitigation (Austrian Federal Government, 2001). For
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An example of a successful Brazillan project is the ONYX
SASA Landiill Gas Recovery Project at the VES landfill,
Trémemhs, Sao Paule State {Figure 10.10). The recovered
tandfill gas Is flared and used to svaporate leachate. As of
Drecember, 2005, approximately 93,600 GERs had baen de-
livered (Veolia Environmental Services, 2005).

Figure 10.10: CNYXSASALarst 1 Grs Fooonery gt MEStans Il T ety ,
Sy PaioHde :

example. the EULand 1l Directive is primarily concerned with
preventing pollution of water. soil and air (Burnley, 2001}.

10.6.1 Municipal solid waste management

GHG emissions fromi waste can be effectively mitigated
by cwrent technologies. Many existing technologies are aiso
cost effective: for example. land Il gas recovery for energy
use can be pro table 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

2/22/2013 1:51 PM




ar4-wg§ -chapter10.pdf

27 of 34

Chapter 10

increasingly being implemented for land Il 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 managetient strategy arce
expected in both developed and developing conntries, including
more emphasis on waste minimization. reeycling, re-use and
energy recovery. Hultala (1997) studied optimal recycling
rates for muicipal solid waste using a model that included
recycling costs and consumer preferences; results stggested
that a recycling rate of 50% was achievable. economically

' justi ed and environmentally preferable. This rate has already

been achieved in many countries for the more valuable waste
fractions such as metals and paper (QECD. 2002b).

Decisions for alteimative waste management strategies are
often made locally: however, theve are also regional drivers
based onnationsi regulatory and policy decisions, Selected waste
management options also determine GHG mitigation options.
For the many couniries which continue to rely on fand lling.
increased utilization of land 11 CHjcan provide # cost-effective
mitigation strategy. The combination of gas utilization for
energy with biocover land 1 cover designs to increase CHj
oxidation can larzely mitigate site-speci ¢ CH emissions
{Huber-Humer. 2004: Barlaz et al.. 2004), These technologies
are simple (‘low technology™) and ean be readily deployed at
any site. Moreover, R&D to improve gas-collection ¢f ciency.
design biogas engines and turbines with higher ef ciency, and
develop more cost-effective gas puri cation technologies are
underway. These improvements will be largely ineremental
but will increase options. decrease costs, and remove existing
barriers for expanded applications of these technologies.

Advances in waste-to-energy have bene ted from general
advances in biomass combustion: thus the more advanced
technologies such as  vidized bed combustion with emissions
control can provide signi cant 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
areater (e.g., Lohiniva et al. 2002; Pipatti and Savolainen 1996;
Clonsonni et al. 2005). High cost, owever. is a major batrier fo
the inicreased implementation of waste-to-encrgy. Incineration
has often proven to be wsustainable 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 enetgy prices increase and renewable energy
sources gain larger market share.

Anaerobie digestion as part of MBT. or as a stand-alone
progess for either wastewater or selected wastes ¢high
moisture). is expected fo continue in the fomre as part of the
mix of mature waste management technologies. In genersal.
anaerabic digestion tecluiologies incur lower eapital costs than
incineration: however, in terme of national GHG mitieation
potential and encrey offsets, their potential is more limited
than land 1 CH, recovery and incineration. When comparad

hup:fmrmv.ipcc.chfpdf/assessment-report/ar4/wg3!ar4-wg3-chapter...

Wasla Management

to composting. anaerobic digestion has advantages with respect
1o eneray bene ts (biogas), reduced process fimes and reduced
volume of residuals: however, as applied it developed conntries.
it typicaily incurs hrigher capital costs. Projects where mixed
municipal waste was anagrobically digested {e.g.. the Valorga
project) have been laygely discontinved in favour of prajects
wsing speci ¢ biodegradable fiactions such as food waste. In
some developing countries such as China and India. small-scale
digestion of biowaste streams with CH, recovery and use has
Deen successfully deployed for decades as an inexpensive loeal
waste-to-energy strategy — many other countries could also
bene ¢ from similar small-seale projects. For both as a primary
wastewater freafment process or for secondary treafiment of
sludges fiom actobic processes, anaerobic digestion under
higher temperature using thennophilic regimes or two-siage
processes can provide shorter retention times with higher rates
of biogas production. ‘

Regarding the fiture of up-front recycling and separation
technologies. it is expected that wider implementation of
incrementally-improving technologies will provide more
rigorous processcontrol forrecycled waste streams {ransporiedto
secondary markets or szcondary processes. including paper and
aluminium recycling, composting and incineration. If analysed
within an LCA perspective. waste cau be considered a resource,
and these improvements should result in moere advantageous
material and enerzy balances for both individual components
and wrban waste streams as a whole. Eor developing countries.
provided suf cient measures are in place to protect workers and
ihe local environment. more labour-intensive recycling practices
can be introduced and sustained to conserve materials, gain
enetrgy bene (s 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: owever, recent studies (i.e.. Myllymaa ¢t &l..2005) are
beginning to quantitatively examine tle environmental benre ts
of alternative waste strategies, including recyeling.

10.6.2 Wastowater management

Although current GHG enrissions from wastewater are
lower than emissions from waste, it is recognized that there
are substanfial emissions which are not quanti ed by current
estimates. especiaily from septic 1anks, latrines and umicontrolled
discharges in developing countries. Nevertheless. the quantity
of wastewater collected and treated is increasing in many
counfries in order to nuintain and improve potable water quality.
as well for other public health and environmental profection
bene ts. Conewrently, GHG emissions from wastewater will
decrease relative to future increases in wastewater collection
and treatment. '

For developing counfries. it is a signi cant challenge fo
develop and implement innovative. low=cost but effective
and snstainable measures to achieve a basic level of improved
sanitation (Moe and Reingans. 2006). Historically. sanitation
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in developed countries has included costly eentralized sewerage
and wastewater treatment plants. which do not offer appropriate
sustoinablesolutionsfor sithernwal areas in developing conntries
with low population density or unplanned. rapidly growing.
peri-urban areas with high population density (Montgomery and
Elimetech, 2007). It hias been demonstrated that 8 combination
of low-cost technology with concentrated efforts for community
scceptance, paticipation and management cap suecessfully
expand sanitation coverage; for example, in India more than
one million pit Iatrines have been built and maintained since
1970 (Lenton et al, 2005). The combination of household
water treatnient and ‘point-ofuse’ low-technology improved
sanitation in the form of pit latrines or septic systems has been
shown 1o lower diarfioeal diseases by »30% (Fewtvrell <t al.
2005).

Wastewater is also a secondary water resource in counfries
with water shortages. Future trends in wastewater fachnology
include buildings where black water and grey water are
separated. recyeling the former for fertilizer and the laiter for
toilets. In addition. low-water use toilets (3—5 L) and ecological
sanitation approaches (including ecological toilets). where
nuirients are safely recycled into productive agriculture and the
environment, are being used in Mexico. Zimbabwe, China, and
Sweden (Esrey etal.. 2003). These could also be applied in niany
developing and developed countries, especially where there are
water shortages, itvegular water supplies, or where additional
measures for conservation of water resources are needed. All
of these measures also ancourage sinaller wastewater treatment
plants with reduced nutsient loads and proportionally lower
GHG emnissions.

10.6.3 Adaptation, mitigation and sustainable
deavelopment in the waste sector

In addition to providing mitigation of GHG emissions.
improved public health, and environmental bene t5, solid waste
and wastewster technologies confer signi cant co-bene ts for
adaptation, mitigation and sustainable development (Table 10.7;
see also Section 12.3.4). In developing conntries. Improved
waste and wastewater manageinent using low- or mediun-
technology strategies are recommended to provide signi cant
GHG mitization and public health bene ts at lower cost. Some
of these strategies incinde small-scale wastewater management
such as septic tanks and recycling of grey watet. construction of
mediwn-technology land ils witl controlled waste placement
and use of daily cover (perhaps including & nal biocover to
optimize CH, oxidation}, and controlled composting of erganic
waste. ‘

The major impediment in developing countries is the lack
of capital. which jeopmrdizes improvements in waste and
wastewater management. Developing coumnfries may also
lack access to advanced technologies. However, techmologies
must be sustainable in the long term, and there are many
examples of advanced, but unsustainable. technologies for
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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 wrban infrastructure,
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The use of muricipal sofid wasta {MSW] to generate elactricity
through landfill-gas-to-anergy (LFGTE) and waste-to-energy
(WTE) projectsraprasentsoughly 14% of U.S. nonhydro ranewable
electricity generation. Although various aspacts of LFGTE
and WTE have been analyzed in the literature, this paper is
the first to prasent a comprehensive set of life-cycla emisslen
factors per unit of electricity generated for these energy
recovery aptions. In addition, sensitivity analysls is conductad
on key inpuds (e.g., efficiency of the WTE plant, landfill gas
management schedules, oxidation rate, and wasts composition)
10 quantify the variahility in tha resultant life-cyels emissions
estimates. While methane from landfills resufts fromthe anaerobic
- breakdown of bioganic materials, the energy derived from
WIE results from the combustion of both blogenic and fossi
materisls. The greenhouse gas emissions for WTE ranges from
04 to 1.5 MTCO/MWh, whareas the most agrassive LFGTE
scenerio results in 23 MTCO.8/MWh, WTE alsa produces lower
NO, emissions than LFGTE, whereas S0, emissions depend
on the speeific configurations of WTE and LFGTE,

Introduction

In response to increasing public concern over air pollution
and climatechange, theuse ofrenewable energyfor electricity
generation has grown steadily over the past few decades.
Between 2002 and 2006, U.S. renewable electricity genera-
tion—as a percent of total generation—grew an average of
5% annually (1), while total electricity supply grew by only
1% on average (2). Support mechanisms contrdbuting to the
growth of renewables inthe 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 beinformed, atleastin part, by rigorous
life-cycle assessment {LCA),

In 2005, a total 0f245 million tons of MSW was generated
in the United States, with 166 million tons discarded to
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landfills (3). Despite the Increase in recycling and composting
rates, the quantity of waste disposed to landfills is stll
significant and expected to increase. FHlow to best manage
the discarded portion of the waste remains an important
consideration, particularly given the electricity generation

| options. Although less praminént than solar and wind, the

use of municipal sold waste (MSW) to generate electriclty
represents roughly 14% of U.S, nonhydro renewable elec-
tricity generation { D). In this paper we compare two options
for generating electricity from MSW. One method, referred
to as landfill-gas-to-energy (LEGTE), involves the collection
of landfill gas (LFG) (50% CH, and 50% CO,), which is
generated through the anaerobic decomposition of MSWin
landfills. The collected LFG is then combusted In an engine
oraturbine to generate electdeity, Asecond methed, referred
to as waste-te-energy (WIE) involves the direct combustion
of MSW, where the resultant steam is used to run a turbine
and electrlc generator. :
Glean Afr Act {CAA) regulations require capture and
control of LFG from largelandfills byinstalling 2 gas collection
system within & years of waste placement (4). The gas
callection system is expanded to newer areas of the landiill
asmore wasteis buried, Notall LFGis collected dueto delays
in gas collection from initial waste placement and leaks in
the header pipes, extraction ivells, 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 s difficult to quantify
emisslons with a high degree of certainty since emissions
result from blological processes that can be difficult to predict,
occur over multiple decades, and are distriibuted 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 emisaion
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 eriteria 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-
tionpracess torun a steam turbine and electricity generator.

Policy-makers appear hesiiant 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, butonly 19 incdude waste-
to-energy (7). While subjective judgments almost certainly
play a role in the preference for LEGTE 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 enexgy dexived from WTE results
from .combusting fossil-fuel-derived materials, such as
plastics. Countering this effect, however, is significant
methane leakage—ranging from 60% to 85%—from landfills
(8). 8ince methanehas a global warming potential of 21 times
that of CO;, the CO,e emissions from LFGTR may be larger
than those from WTE despite the difference in blogenic
composition, .

Although WIEB and LEGTE are widely deployed and
analyzed In the Hterature (9-13), side-by-side comparison
ofthelife-cydeinventory (LCI) emission estimates ona mass
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* perunitenergy basisisunavailable, LCI-based methods have

beenused to evaluaté and corpare solld waste management

* (SWM) unit operations and systems holistically to quantity

either the environmental fmpacts or €nergy use associated
with SWM optionsinthe broad context of MSWmanagement
{14-16). R

The purpose of this paper is to present a comprehensive
set of life-cycle emission factors—per unit of electricity
generatéd—for LFGTREand WTE. In addition, these emission
factors are referenced to baseline scenarios witheut energy
recovery to enable comparison of the emlssions of LEGTR
and WTE to those of uther energy sources. While the

methodology presented here is.applicable to any country,

this analysis is based on U.8, waste composition, handling,
and disposal, with which the authors are most familiar, In

. additlon, parametricsensitivity analysisis applied tokeyinput

parameters to draw robust conclusions regarding the emis-
stons from LFGTRE and WIE. The resultant emission factors
provide critical data that can nform ‘the’ development of
renewable energy policies as well as purchasing and invsst-
mentdecisionsforrenewable energy projectsfn'the prevailing
maiketplace. . Co

Modaling Framework

The LFGTE and WTE emisston factors are based on the
composition and quantity of MSW discarded in-the United
States in 2005 (Table S1 of Supporting Information (SN). We
excludedthe esﬁmatedquantityandcompositionofrecycled
aud composted waste,

The emisslon factors are generated using the Yife-cycle-
based process models for WTE (17} and IB/LFGYE (18)
emhedded in the munieipal solid waste decision support

tool (MSW-DST). The MSW-DST was developed through a -

competed cooperative agreement between RPA’s Offics of
Research and Development and RTI International (1 9-22,
The research teamincluded Noxth Carolina State University,
which had a major role in the development of the LCI
database, process, and cost models as well as the protolype
MSW-DST. While a summary is provided here, Tabla 52 8D
provides a comprehensive set of references for those
interested in particular model details, TheMSW-DST Includes
anumber of process medels 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 te the cost and LCE of emisstons for that
process. The LCI emissions are calculated on the basis of a

" comblnation of default LCI data and user-input data to enable

the user to madel a site-specific system. For example, inthe

. landfill process model, one key exogenous input is the
 efficlency of the LFG collection system. The functional unit

in éach pracess modelis I ton of MSW set out for collection.
The MSW includes the nonhazardous solid waste generated
inresidential, commercial, institutional, and iIndustrial sectors
(3 ‘ -
Bach process model can track 32 life-cycle parameters,
including energy consumption, CO,, CO, NO,, SD,, total
greenhousegases (CO,e), particilatematter (PM), CH,, water
pollutants, and solid wastes, CO, emissions arerepresented
In two forms: fossil and blogente, CO, released from an-
thropogentc activities such ds bunming fossi fusls or fossil-
fuel-derived products (e.g. plastics) for eleciricity generation

and transportation are categorized as GO,-fossil. Likewise, -

CO; released durlng natural pracesses such as the decay of
paper in landfills is categorized as CO,-biogenic,

The management of MSW will always result in additional
emissions due to collection, transportation, and separation
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TABLE 1. Inpats to the Landfill Procass Model

LF8 collection
systen oxidation
efficlency *{%) rate (%)
during venting 0 16
durlng first vear of gas collestion 50 156
during sscond year of gas collection .70 15
during third year and on of gas collaction 80 15

*Wa assumed efficlency of the collectlon system based
on the year of the operaticn and the tanges stated in U.§,
EPA's AP-42 {8), )

of waste. However, for this analysis, the configuration of the
SWM system up through the delivery of the waste to either
& Jandfill or WIE facility is assumed to be same,
Electricity Grids, Whils LFGTE and WTE provide emis-
gionsreductions relative to landfill scenarios without energy
recovery, the generation of clectrlcity from these sources
also displecesconventional generatingunits on theelectricity
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 Blectric

Reliability Council (NERC) reglons, an average national grid
mix, or a user-defined grid roix, Because our focus is on the
emissions differences between WTE and LYGTE technologies,
the emissions factors reported here exdude the displaced
grid emdssions. - . . .

Forreference purposes, emission factors for conventtonal
eleciricity-generating technologies are reported along with
the emission factors for WIB and LEGTR (23), These emission
factors on a per megawatt hour basis inclade both the

' operaﬁngenﬂssionsfmmpnwerplantswithpostcambusﬁon

alr pollution control equipment and precombustion emis-
slons due to extraction, processing, and {ransportation of
fusel, The background LCI data are collected on a unit mass
of fuel (23); when converted on a per unit of aleetricity
generated basis, the magnitude of resultant emissions

- depends on the efficiency of the power plani. A sensitivity

analysis was conducted onplant efficiencies to provide ranges
for emission factors. : S -

‘ EstbnaﬂngﬂnﬂssionFactorsforLandﬁﬂGas-m-Energy.
The total LCI emissions from landfills are the summation of
the emissions resulting from (1) the site preparation, opera-
ton, and postelosure operation of a landfill, (2) the decay
of the waste under anaerobic conditions, (3) the equipment
utilized during Jandiill 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 ime horizon of 100
years and the empirical methane yield from each individual
waste component (16, 24). Other model Inputs include the

- quantity and the composition of waste disposed (Table S1,

8D), LXG collection effidiency {Table 1), annual LFG manage-
ment schedule (Figure 1), oxidation rate (Table 1), emission
factors for combustion byproduct from IFG control devices
(Table 83, 81), and emission factors for equipment used on
slte during the site preparation and operatton 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 wider the following
scenario assumptions: (1) A regional landfill subjectto CAA
is considered. (2) A single cell in the regional landfill 5
madeled, (3) Waste is {nitially placed in the new cell in year
0. (4) The landfil already hag an LFG collection network in
place. (5) An internal combustion engine (ICE) Is utilized to
generate electricity. (6) The offline fime ihat is required for
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FIGUHE 1 Annual laadﬁﬂ qas management scheduls assumad ior altema!we scanarins.

the routl‘ne mamtenance of the ICE is. not conszdered (7}
‘The LFG contro] devices are assumed to have a lifeHime of

.15 years. (8) The LFG will be collected and controlled until -

year 65. This assumption is based on a typical Jandfill with
an average operating lifetinie of 20 years.in which -LFG
production decreases significanily after aboul 60 years from

- inftial 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. LEG-related opemtmns has sigmﬁcant
variation and uncertainty that will ‘influence the total

-.emissions from landfilis as well as the emission factors per -
- 'unit of electricity generated. To capture these uncertainties
" - and variation, several different management schemes wete

tested. Figure 1 presents the different cases considered for
LEGTE projects, Each case differs according to the manage-

. ‘ment timeline of the LFG. For instance, LE-VENT 2-ICR 15 :

~ corresponds to no controls on LG for the first two years,
after which the LEG s collected arid flared in the thigd 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 whith the collected gas is flared until year -

. 65, Finally from year 65 on, the LFG is reIeased to the
atmosphere without controls.
To quantlfyﬂle emdssions benefit from !.FG‘I'E andM‘B,

~landfill emisstons oceuning In the absence of an energy .
- Yecovery unit can serve as a useful comparison. “Thus, three

. baseline scenarios without electriclty generation were defined
for comparison to the energy rétovery scenarios: LE-VENT

180 (LFG is uncontrolled for the entire lifetime of the L1, .
“LP-VENT 2 (LFG is uncontroiled for the first two:years, and -

- then the LFG is collected and flared until year 65), LE-VENT'
4 (LFG js uncontrolled for the first four years, and then the
L¥G is collected and flared until year 65). Since emissions

_are normalized by the amount of electricity -generated -
(MW h) 10 obtain the ‘emission. rates, an estimate of, -

- hypothetical electricity generation for the baseline scenarios
must be defined. The average: electnmty generation from a
subset of the endrgy recovery scenarios is used to calcufate

the baseline emission rates. For example, emission factors .

- [g/ (MW h)} for LF-VENT 2 are based on the average of
electricity generated in LP-VENT 2-ICE 15, LP-VENT 2-ICB
30, LE-VENT 2-ICE 485, and LE-VENT 2.ICE 60. Additional

sensitivity analyéis was conducted on oxidation rates where

_scenarios wete tested for a range of 10-35%. - ..

LF'VENT 100 K t!u'|'l'l'l'|'|'n HHIH ('l'n‘n'a‘l |'|'r'|‘|'| elefilefile ety |'|"'|'-'|'|‘t’n'n atefy } VENT

Esﬂmadngﬂmlmiunl’actorsfur\vaste-to Energy The '

total LCI emissions. are the summation of theiemissions
assocfated with (1) the combustion of waste (i.e., the stack
gas (accounting for controls)), (2) the production and iise of
limestone in the contrel techniologies {i.e., scrubbers), and

- {3) the disposat of ash in-a-landfll (Z7).

Emissions associatedwith themanufacture of equlpment
such as‘turbines and bolers for-thé WIE facility are found
fo be insignificant (<5% of the overall LCI burdens) and, as
a resilt, were excluded fron this analysis (25). In addition,
WrTE{facilities have the capability torecover ferrous material
from the incoming waste stream and also froin bottom asgh
withupto a90% recovery rate. The recovered metal displaces
the virgin ferrous inaterial used in the manufacturing of steel,

-The emission ‘offsets ffom this activity could be significant
- dependinig on the amount of ferrous material recovered, Totat
'LCI emissicns for WTE were presenited without the ferrous

offsets; however, senmi\nty analysis. was conducted to
inveshgate the significance. -

In the United States, federal regi:laﬂons set hmits onthe ,
maximum allowable concéntration of criteriapollutantsand

some nietals 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 .
- zequu-ements as upper bound constriints, Two scts of

concentration values (Table S4, SI) are uised in calcu]atians
fo Teport two s&ts of emission factors for WTTE (e, WTE- -Reg

andWIE -Avgl. The enuss!onfactorsfar\'ﬂ'E~Regwerehased :
on the regulatory concentration limits (%), whereas the .

emission factors for WIB-Avg were based on the average
concentrations at ‘current WTB facllities,
‘The CO, eniissions were calculated ‘using basic’ carbon

stoichfometry given the quantity, mofsture, and ultimate

analysis of individual waste iterms 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 ifem. The amount of eleciricity 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 eﬁiclency Alifetime of 20 years
and a system efficiency of 19% [18000 Btu/(kW h)] were

assumed for the WTE scenarios. For each pollutant, ﬂle’

fo]lmvmg equaﬁon was. computed
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LCL_WTE,= Y, {(LCI_Stacky+LCI_Limestone,, +
- ]
LCI_Ashy xMass}/Elee forallf (1)

" where LCI_WTE; is the L.CI emisston factor for pollutant {
[g/ (MW h)], LCI_Stackyis the controlled stack gas emissions
for pollutant # (g/ton of waste item j), LCI_Limestoneyis the
allocated emissions of pollutant # from the production and
use of limestone in the scrubbers (g/ton of waste item Jj,
LCI Ashy is the allacated emissions of pollutant i from the
disposal of ash (g/ton of waste item j), Mass; is the amount
of cach waste item j processed in the facility (ton), and Blec
is the total electricity generated from MSW processed in the
facility (MWh). In addition, the sensitivity of emission factors
to the system efficiency, the fossil and biogenic fractions of
MSW, and the remanuficturing offsets from steel recovery
was quantified. -

Results and Discussion

- The LCI emissions resulting from the generation of I MWh
ofelectriclty through LFGTEand WTE as well as coal, natural
gas, ofl, and nuclear power (for comparative purposes} were
calculated, The sensitivity of emission factors to varlous
inputs was analyzed and isreported. Figures 2--4 summarize
theemission factorsfor total CO.e, S0, and NO,, respectively,
Landfills are a major source of CH; emissions, whereas
WTE, eoal, natural gas, and oil are major sources of CO,-
fossll emissions {Table 85, 5I). The megnitude of CH,
emissfons strongly depends on when the LFG collection
system is instailed and howlong the ICR isused. For example,
LE-VENT 2-ICE 60 has the least methane emissions among
LPGTE alternatives because the ICE s operated the longest
{Table S5, 81). COze emissionsfrom 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
postelosure of thelandfill as well as the treatment of leachate
contributesto the 50, emissions from landfills. $O, emissions
from WTE fucllities occur during the combustion process
and are controfled via wet or dry scrubbers, Overall, the SO,
emissions resulting from the LFGTH and WTE alternatives

are approximately 10 times lower than the SO, emissions
resulting from coal- and oil-fired power plants with flue gas
controls (Figure 3). The SO, emissions for WIB ranged from
140 to 730 g/ (MW h), and for LFGTR they ranged froin 430
0 900 g/(MW h) (Table 2, Table S5), In a coal-fired power
plant, average SO emissions were 6900 g/ (MW h) (Table S8
and §7, SI). Another important observation is that the majority
of the 80, emissions from natural gas are attributed to
processtag of natural gag vather than the combustion of the
natural gas for electriclty-generating purposes. -

The NO, emissions for WTB alternatives ranged from 810
10 1800 g/ (MW h), and for LEGIE they ranged from 2100 to
3000 g/ (MW h) (Figuxe £, Table 2, Table 85). In a coal-fired
power plant, average NO, emissions are 3700 g/ (MW h)
(Tables 86 and 57, Supporting Information), The emission
factors for other criteria pollutants were also calculated.
Besides CO and HCI emisslons, the emisslon factors for all
LFGTB and WTE cases are lower than those for the coal-fired
generators (Tables 5558, SN,

While we have provided a detailed, side-by-side com-
parison of fife-cycle emissions from LFGIB and WTE, there
15 an Important remmaintng question about scate; How bigan
Impact can energy recovery from MSW make if al! of the
discarded MSW (166 million tons/year) s utilized? Hypo-
thetically, if 166 millfon tons of MSW is discarded in regional
landfills, energy recovery an average of ~10 TW h or ~85
(kWh)/tor: of MSW of electricity can be generated, whereas
a WIE facility can generate on average ~100 TW h or ~600
(KW h)/tori of MSW of electricity with the same amount of
MSW (Table 3). WIE can generate an order of magnitude
more electricity than LFGTHgiven the same amount of waste,
LFGTE projects would resultin significanily lower electricity
generation because only the biodegradable portion of the
M5W contributes te LFG generation, and there are significant
inefficlencies in the gas collectlon system that affect the
quantity and quality of the LFG, ’

Moreover, if all MSW {excluding the recycled and
composted portion) is utilized for eleciricity generation,
the WTE altemative could have a generation capacity of
14000 MW, which could potentially replace ~-4.6% of the
313000 MW of cirent coal-fired generation capacity (26).

14 5

3

12

FIGURE 2. Compatison of carbon dioxids. equivalents for
§5—88, Supportiog Information, include the fail data set).
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$5-88, Supposting Information, include the full data set}
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' FIGHRE 4, camparison ot nilmgen oxlde smisslnns Inr LFGTE WTE and cnnvem!una} e!ectricity—ganerating teahnulognes (Tables

§5-88, Supporiing Information, include the fu!l data set). -

A signiﬁcant portion of thls capacity- cou[d be aclueved

_ through centralized facllities where waste is tratisported -

" from greater distances, The transportation of waste could
resultin additional environmental burdens; and there are
clearly Hinitations in accessing all discarded MSW in the

“natton. Wanichpongpan studied the [FGTE option for -
Thailand and found that larga centralized landfills with’

energy recovery performed much better i terms of cost
and GHG emisslons than small, localized landfills despite
theincreased burdens associated with transportation (13).

‘To quantify these burdens for the United States, emission
factors were also calculated for Iong hauling of the waste
via freight or rail. Table 89 (SI) summarjzes the emission
factors for transpurtmgl tonanSW to a facilntybyheavy»
duty trucks and rafl. ;. 3 g

. Sensitiv:itf analysis was also c_:oriiducted on :key inputs,
" With Inéremental improvements, WTE facilities could

achigve 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 LCT *
. emissions. The variatién in efficiencies results in a range .

of 470930 kW h of electricity/ton of MSW, white with the
default heat rate; only 600 (KW h)/ton of MSW can be
generated. The efficiency alsoaffects the emissjon factors;

for example, CO,-fossil emissions vary from 0.36 to 0.71 '

Mg/ (MW h),
The erission savings assuciated with ferrous recovery
decreased the COse emissions of the WIE-Reg case from

"0.56 to 0.49 MTCO,e/(MW h). Significant reductmns were -

observed for CO and PM emissions (Table 2). -
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Eégii 2. Senshtivity of Emizselon Factors for WTE to Plam Eficiency, Waste Composition, aud Remanufaztuiing Benefits of Steel
ovety )

_Bansitivity on
basslina factors systom efficiency waste composifion stas] recovery
Input Paramaters Varled® . )
heat rate [Btuw/(kW h)} 18060 18600 {11000, 230001 18000 : 1800(5 18000 18000
efficlency (%) 19 19 {18, 30] 10 19 19 ’ 19
composition defsult - dafault default all blogenle  all foseil  default default
stack gas limits reg avg raglavg reg - reg reg avg
stasl recovery oxcludes  excludes excludes . excludes excludes  inoludes includes
Results: Criteria Pallutanis
CO [ghMW h)) 790 780 [500,1000] 740 880 110 ~110
MNOy ig/(MW h)] 1300 16500 {810, 1800] 1200 1400 . 1200 1400
80, [g/MW h)] 578 221 {140, 730] ] 520 450 80
PM [g/AMW h)] 181 60 [38, 230} 180 190 ~190 -310
' - Hssuils: Greenhouse Bases |
CO-blogenic [MgAMW )] 091 091 - 1058 1.2] 15 003 081 - 0@
COfossil Mg/{MW h)] 0.66 0.68 [0.36, 0.711 0.02 1.5 0.49 049 .
CHy [Mg/AiMW h)] 1.3E—05 1.3E-0F [8.1E-05, 1.6E-05] 1.6E-05 7.9E-08 ~5.0E~05 —B.0E—05
COze [MTCOe/{MW h)] 0.56 066 [0.36, 0.71] - 002 ° 148 0,49 049
' " Results: Eiseticlty Generation
TWh® 88 o8 . 178, 160) -8t - 37 8 - o8
(KW h)/ton 520 520 {470, 930} 470 870 580 E90
GW*° 12 - 12 - [9.7, 20] 16 47 12 12

“ For each sensitlvity analysls sesnarlo, the input parameters in italies wera modified and resultant emiselon factors were

calculated and ate reported. ®The valuss represent the TWh

of electriclty that could be generated from all MSW dlsposed

into landfills. °1 Wﬂﬂﬂ h = TW; a eapacity factor of approximataly 0.91 was utilized,

TABLE. 3, Comparison.of Total-Pawsr Generated

“from 166 milllon tons of MSW, TW h total power %, G
wasTeH g BTy - 78160 9.7—18
landfigasitoenergia ' 7-14 0.85—1.8

21 TW h/8000 b = TW; a capacity faétor of approximately 0.91 was utilized.

tatal clactricity gensrated

élgcﬁcig\bganarstadefrnm

“The composition of MSW also has an effect on the
emissioi factors, One of the controversial aspects of WTB s
the fossil-based content of MSW, which contdbutes to the
combustionemissions, The average composition of MSW as
discarded by weight was calculated to be 77% biogenic- and
23% fossil-based (Table 84, ST}, The sensitivity of emission
factors to the biogenic- vs fossil-based waste fraction was
alsodatermined. Two compositions (onewith 160% biogentc-
based wasteand another with 160% fossil-based waste) were
used to generate the emission factors (Table 2). The CQue
emissions from WIHE increased from 0,56 MTCO.2/(MWh)
. (WTE-Rep) to 1.5 MTCOze/(MW h) when the 100% fossil-

based composition was used (Table 2, Figure 2}, However,
the COze emissions froin WTH based on 100% fossil-based

waste were still lower than the most aggressive LFGTE -

scenario (i.e, LF-VENT 2-ICE 60} whose CO,e emisslona were
23 MTCOe/tMW h). - . )

" The landfill emission factors inclede the decay of MSW
over 100 years, whereas emissions from WTE and conven-
tional electricity-generating technologles are instantaneous.
The operation and decomposition of wasie 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 natwre of
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landfills, number of decades that emissions are generated,
and changes over time in Jandfill design and operation

area source, which makes emissions more difficultio monitor,
In a recent release of updated emission factors for landffl
gas emissions, data were avaiiable for less than 5% of active
municipal landfills (27). Across the United States, there are
majordifferences in howlandfills ave designed and operated,
which further complicates the development of reliable
emission factors. Thisis whya range of alternative scenarios
are evaluated with plausible yet optimistic assumptions for
LFG control. For WTBacilities, there isless 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 Tequivernents
for annual steck testing of pollutants of concern, including
dioxin/furan, Cd, Pb, Hg, PM, and HCL In addition, data are
available for 80,, NO,, and CO fom continuous emissions
monitoring, As a result, the quality and availability of data
for WTEB versus LFGTE results in a greater degree of certalnty
for estimating emission factors for- WTB facilities.

- The methane potential of blegenic waste components
such as paper, food, and yard waste is measured under
optimum anaerobic decay conditions in a laboratory study
(24), whose other observalions reveal that some portion of

including waste quantity and composition, Landfills are an

e




the carbon in the waste does not biodegrade and thus this
quantity gets sequestered in Yandfills (28). However, there
is still a debate on how to account for any biogenic
“sequestered” carbon, Issues include the cholce 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 recyeling efforts, U.S. population growth
will ensure that the portion of MSW discarded in landAlls
will remain significant and growing, Discarded MSW is a
viable energy source tor electricity generation in a carbon-
constrained world, One notable difference between LFGTR
and WTE fs that the Iatter is capable of producing an order
of magnitude more electricity from the same mass of waste,
I addition, as demonstrated in this paper, there are
significant differences in emissions onamassper unitenergy
basis from EFGTE and WTE, On the basis of the assumptions
in this paper, WIB appears to be abetter option than LFGTE.
ifthe goal Is greenhouse gas reductlon, then WTE skould be
constdered asan optionunder U.5. renewable energy policies.
In addition, all LFTGE scenarios tested had on the average
higher NO,, $0,, and PM emissions than WTE. However,
HCl emissions from WTE are significantly higher than the
LEGTR scenatios, )

Supporting Information Available

MSW composition, physical and chemical eharacteristics
of waste ltemns, detailed LCI tables and sensitivity results,
and emission factors for long haul of MSW, This materfal
is available free of charge via the Internet at htip:f/
pubs,acs,org. )
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Rev. 5
CENTER FOR A COMFET_IT!VE WASTE INDUSTRY

COMMENTS to the CALIFORNIA AIR RESOURCES BOARD on

LANDFILLS' RESPONSIBILITY for ANTHROPOGENIC GREENHOUSE GASES

and the APPROPRIATE RESPONSE TO THOSE FACTS

by
Peter N. Anderson®

INTRODUCTION

This is to provide comment to the Air Resources Board and its staff in order to correct

significant misunderstandings concerning the relationship of methane gas generated in landfills to
climate change. What follows summarizes our upcoming 150-page report on the subject of landfills’
responsibility for anthropogenic greenhouse gas emissions, with particular reference to California.

EXECUTIVE SUMMARY

Conventional wisdom, based upon statements by the Environmental Protection Agency

(EPA), assumes landfill operators capture 75% or more of the methane gas (CH,) that is generated
at their facilities. Because ofthat assamption of high collection efficiency, landfills have been thought
to be responsible for only 2% ~ 3% of anthropogenic, or manmade, greenhouse gases (GHG). This
comment explains why the EPA assumption is demonstrably wrong, why the best available evidence
does not support a value greater than 20%, and why the appropriate remedies that follow from this
cotrection involve more diversion rather than better landfilling. Specifically—

There are no field measurements of the efficiency of landfill gas collection systems.

® EPA’s assumed 75% gas collection efficiency has no factual basis, is based upon

fundamentally incorrect definitions, and uses biased selection from unsupported, and
self-serving, guesses as the basis for its assumption.

The best evidence oftypical lifetime capture rates based upon correct definitions does
not support a value greater than 20%, as further attested to by the International Panel
on Climate Change.

® Correcting the capture rate from 75% to 20% increases landfills’ responsibility for

anthropogenic greenhouse gas emissions from approximately 2%-3% to §%-9% or
more.

® Because gas collection’is actually very poor, the case for diverting decomposable

discards from the landfill becomes clear.

*

Mr. Anderson received his bachelors degree in labor economics from Cornell University, and a masters degree
from the Nelson Institute for Environmental Studies at the University of Wisconsin-Madison in solid waste
planning. He has been a Senior Lecturer at the University of Wisconsin-Madison Department of Applied
Economics on waste systems, and chairperson of the National Recycling Coalition Policy Workgroup and its
Landfill Subcommittee. In addition to having published in all waste industry journals and speaking widely at
all major recycling, plastics and solid waste associations as a keynote speaker and panelist, he has also been
a keynote panel speaker at the U.S. Environmental Protection Agency’s (EPA) national bioreactor conference,
and has been retained by EPA as a consultant to review its protocols for estimating landfills’ responsibility for
greenhouse gases, He has prepared a major independent evaluation of landfill’s long term liabilities and
financial assurance, Day of Reckoning, for the California Integrated Waste Management Board, and is currently
in the process of completing the first detailed independent analysis of landfills” responsibility for greenhouse
gases, from Beneath the Ground. Tt is co-authored with Larry Bingham, an engineer who was part of the team
that designed the first landfill gas collection and energy recovery system at the Palos Verdes landfill in 1974.
The climate change officials at the World Bank have endorsed the report.




No FieLD DATA

EPA states that landfills capture 75% of the gases generated, and then it makes several
adjustments that improperly increase the value that the agency uses in calculating landfills’

responsibility for GHGSs to as much as 83%’ (see CHART),

The predicate for entering this evaluation of that and Upward Adjustments
assumption is to understand that there is virtually no field data on
the amount of fugitive gas emissions from landfills. For that reason,
EPA’s claims that landfills achieve high gas collection efficiencics
must be recognized as essentially an arbitrary assumpfion without

0% TSR

any factual basis. ‘

On the other hand, fault does not lie with the agency for the m -
inherent difficulty in developing any factual data on collection =
efficiency, for there is no smokestack or outfall in which to install | Averaging T Energy Recovery
devices to measure emissions. Today’s mega-sized landfills occupy | __Base Oxldation

EPA's Capture Rate Assumptions

80.2% B33%

a space greater than 100 football stadiums, extending over

hundreds of acres. Most of @ modern landfill, other than a base that is set in approximately 50-foot
below grade, will be in the configuration of a four-sided pyramid hundreds of feet high, dwarfing 40
Great Pyramids at Giza,

Gas that is generated inside the waste mass is not stored, and instead secks the path of least
resistance to release the resuitant build up of pressure. Through ruptures in the final cover, or before
the cap is installed, gas can escape directly into the atmosphere from the top and sides, Or gas can
migrate indirectly through subsurface routes, including via the landfills’ own leachate collection
system, and through ruptures in the bottom liner and its seals, sometimes reaching into adjoining
structures through underground utility lines. These confoundmg COIldlthI]S defy measurement,
notwithstanding efforts at near infrared scanning that are being attempted.?

In addition to the lack of any factual support, EPA’s claim has arisen out of a patently biased
process that was derived from the wholly inappropriate selection of only the highest self-reporting
and self-serving guesses by the private landfill indusiry. Inexplicably ignored were the many other
low-end assumptions in technical reports and industry admissions, even when those citations were
handed to the outside consultant who conducted the putative literature review.?

But, ifthe critical errors in definition discussed below are corrected, then a substantially more
accurate basis for estimation can be made for landfill gas capture rates.

DEFINITIONAL ERRORS

In addition to ifs arbitrary basis, there are also two fatal definitional errors underlying EPA’s
assumptions. The first error involves the time period contemplated, and the second, the use of the
best case rather than the typical situation.

Lifetime, Not Point-in-Time, Efficiency Rate
EPA uses a definition about collection eﬁclency that is patently wrong. The 75% capturerate,
is actually conceptualized as an instantaneous rate.’ That is one which is only applicable for the year

in which the calculation is made, and as applied, is for landfills in which the collection systems largely
are installed and mostly functioning, rather than to the entire /ifetime that landfills generate gas.

2.
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That distinction is of overriding importance because the regulatlons in EPA’s landfill air rule
do not require gas collection for the first five years ofa landfill’s life.> Moreover, recent fundamental
changes in operational practices at landfills have served to both significantly increase near term gas
generation while also severely worsening gas collection efficiency, as described in the note.®

Furthermore, those rales allow removalofthe collection systems from service approximately

20 years after the site’s closure. Following the post-closure period
when the landfill is no longer actively managed, the barriers “will| Proportion of Total Gas Generated
ultimately fail,”” as the EPA has repeatedly acknowledged. Once by Interval of Time
the barriers fail, precipitation will re-enter the landfill, and, in time, ) 509
accumulating  moisture will cause a second wave of O iy Setiopel ™
decomposition and gas generation without any controls.” 3“ 224%

Therefore, substantial volumes of gas will be generated in
both periods before and after the time when there is no or little 11.9% '
gas collection — all of which is ignored by an instantaneous rate. %
Because so much gas escapes without any or very limited E }' 7
c;:ntrols, operat?lrs would hi?;l? t(f)h capture 225% ((i)f the gas h(lluring Y =1 T TR
the time gas collection is nctional in order to achieve a " -
lifetime rate of 75%. This is a%nathematical impossibility, and it Timenterval Dlring 100 Year Period

shows there is no way EPA’s unsupported assumption can be
considered within the realm of reasonableness once the correct definitions are used. See CHARTabove,

EPA’s continued use of an instantancous rate, in the face of repeated efforts to bring this to
the atiention of the agency’s staff, is also incompatible with the protocols set forth by the IPCC. The
international agency overseeing the rules of the road for GHG accounting specifically states that the
analysis “should be based on the effects of the greenhouse gases over a 100-year time horizon.”®

Moreover, EPA’s use ofan instantaneous rate for the capture rate —which makes collection
cfficiency seem substantlally larger than it really is — is also contradicted by the agency’s decision to
use a 100-year time peuod in other GHG calculations — where the effect is to reduce landfills’
responsibility for GHGs.?

Correcting for the incorrect thne frame definition — while leaving the EPA 75% value as an
instantaneous rate — results in a corrected 100-year lifetime capture rate of only 28,5%. For there is
no collection system for 56% of the gases landfills produce, and only a partially functional one for
another 12% of the time.

Average Instead of Best Operation

EPA also used the wrong definition of the appropriate landfill population upon which to base
collection efficiency. It uses a best-case construct to illustrate what in the real world is represented
by the average landfill.

The Agency acknowledges that it defines its assumed collection efficiency rate to be for “well-
managed sites,” and what sites “should or could achieve,” rather than what the weighted average of
all landfills actually attains. This even though it prevmusly acknowledged the self-evident fact that:
“[t]o be useful for estimating methane emissions, the landfills in the data set must be representative
of landfills generally in the U.S.” '
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_ Because there is presently no way to measure landfill gas emissions, nor any emission rate or
air quality standard to enforce even if there were,'® in the real world the private sector would have

little to no incentive to minimize gas emissions. The only
constraint would be the palpable need to prevent subsurface
migration into adjoining structures that cause explosions and to
reduce offensive odors to nearby neighbors that cannot be
achieved with misting or buyouts.

Nor, as discussed later, does EPA impose any specific
design requirements for control systems other than it be an
undefined “well-designed and well-operated gas collection
system.” Similarly neither have regulators prevented the new
practice in the landfill industry that further reduces the
effectiveness of the design and operation of typical collection
systems over time.

Thus, there is little basis to contend that actual

Corrections to EPA's
Capture Rate Assumptions

83.3%

- -

= ] - e { 4-""
I EPA Base ! Lifetima cDrrect|
EPA wiAd]. Average Correct Combined Gorrect

performance in the field resembles the best of what can theoretically be achieved.

No one knows what the average capture rate is for systems that are up and running, But, the
weight of independent guesstimates in the technical literature are in the range of 40% to 50%. 01 If
one conservatively uses an assumption of 50% for the average instantaneous rate to reflect typical
conditions, that would reduce the 28.5% efficiency factor (which reflected the correction of the
instantaneous 75% rate to a lifetime rate) to 19% (see CHART above)."

New Conventional Wisdom

There was a time when this conclusion — which puts landfill gas emissions four times greater
than previously assumed — was controversial. That is no longer the case. The most recent draft solid
waste report from the TPCC reflects a new consensus about the implications for capture rates once

EPA’s definitional flaws are recognized:

“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; therefore estimates of ‘lifetime’ recovery efficiencies may be as

low as 20%.”8

With the adoption by the IPCC of a value essentially the same as ours when gas collection is propetly
defined, this once contrarian view has become the new conventional wisdom, A copy of the IPCC’s
final draft report, from which this quotation is extracted, is attached.

APPROPRIATE REMEDIES

Because, until now, conventional wisdom has considered EPA’s assumption of a high
collection efficiency rate to be correct, efforts at reducing GHGs in the U.S. have focused on
recovering the energy value in that methane. In California, there has also been discussion about
encouraging better gas collection practices. However, once the facts about landfill gases’ very low
capture rates is recognized, then the fatal shortcomings of these approaches can be understood. The
more appropriate response by the European Union, which is being followed in the Bay Area, is to
divert the source of the problem — the organics — from landfills in the first place. :




Energy Recovery

The Congress, EPA and several states in the U.S. have actively encouraged landfill-gas-to-
energy (LFGTE) as a means of reducing GHGs. This policy grew out of a belief that electricity
generated at the wellhead of the gas collection systems displaces power production, and its associated
emissions elsewhere, thereby turning landfills into “green energy parks.”

When all of the input values are those used by EPA, 14% of the uncontrolled releases from
landfills are assumed to be offset by avoided generation somewhere else. However, the presentment
is wrong. There are four reasons why this facially cogent theory does not hold up upon examination.

Wrong Premise. The implicit — but unacknowledged — basis for the claim of offsetting
benefits from LFGTE is that there are no alternatives to managing our wastes that do not produce
significant volumes of methane. Therefore, this view continues, anything that can be done to lessen
or offset the release of the methane from landfills into the atmosphere must be to the good.

However, because this premise is not correct, the wrong baseline is used for comparison. For
there is no methane in our discards. Rather, only when a decision is made to dispose of organic matter
in a lined landfill are the distinct oxygen starved conditions created that, alone, produce CH, as a
byproduct of the resulting anaerobic decomposition. Otherwise, decomposition of organic material
would usually occur aerobically, which is a process that does not produce significant methane.

Thetefore, iflandfilling decomposables were phased out, the organic material in lined landfills,
which is the source of methane generation from wastes, would be largely eliminated. This is precisely
the policy the European Community chose in'1999 in its Landfill Directive that ordered the phase out
of organics in landfills, because it recognized they cannot be safely managed in the ground.™

In the U.S., a small but growing movement has developed, led by cities in California, to
separate food and soiled paper at the source for composting and energy production in order to
prevent organics from ever going into the landfill in the first instance. These efforts can be found
concentrated in programs in the Bay Area around San Francisco, as well as in the Toronto area, and
throughout the province of Nova Scotia, where the first efforts began.

The disproportionate benefit that comes from addressing climate change at its source, instead
of with palliative end-of-pipe measures, can be betier appreciated when it is recalled that the methane
released from anaerobic decomposition in the ground has at least 23 times the warming potential as
the CO, that is avoided — even if EPA’s supporting numbers were true, which they are not. Thus,
viewed from this perspective, EPA’s numbers show that diverting one metric fon of organics from
Jandfills will avoid the GHG generation of 0.273 metric fons carbon-equivalent (MTCE) of GHGs.

On the other hand, capturing the energy from that ton of waste will only avoid 0.04 MTCE,
even if all of EPA’s assumptions are used. That is to say, eliminating the problem at the source has
at least seven times the impact — and that is only under the mathematically impossible collection
efficiency guesstimates used by EPA. ' _ \

Were the far lower capture rates recognized by the IPCC used, only 0.01 MTCE would be
avoided. That is, keeping organics out of landfills is at least 25 times as important a factor in reducing
GHGs as is landfill-gas-to-energy. Moreover, there are further corrections necessary in EPA’s
calculation of avoided emissions discussed below, These wind up reducing the hypothesized
advantage to such a low a level that simply avoiding the landfilling of organics in the first place will
be 67 times as powerful a tool to address climate change as LFGTE,
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Landfill-gas-to-energy is a non-productive approach that fails to overcome the fact that,
especially in a world concerned with climate change, land disposal alone, of all the other options to
manage discards, creates the enormous volumes of methane that are among the most significant
contributors to anthropogenic greenhouse gas emissions.

Low gas capture lowers offsets. Once low landfill gas collection efficiency is recognized,
then most of the gases generated in landfills escape uncontrolled. The more GHGs that escape, the
less that is actually collected and utilized for energy generation to offset production on the utility
system, Ultimately, a point is passed when LFGTE no longer provides sufficient net benefits with
which to soften the impact of its direct emissions, even on its own terms that use the wrong basis of
comparison, ’

Ifwe were to use all of the other EPA assumptions, other than correcting collection efficiency
from 75% to 19%, the net GHG gains from avoiding emissions elsewhere would only be 3% instead
of 14%. Three percent — when using all the agency’s other assumptions — is a negligible advantage,
even if the other estimates were correct, which they are not.

Displaced plants cleaner than LFGTE. As another example, the power plants that are
displaced from the utility grid, in general, are no longer dirtier than the small generating units used
at landfills. This further undermines the entire basis for the offset thesis, on top of the distinct impact
of low collection efficiency.

Prior to deregulation, the more common impact when LFGTE was dispatched onto the utility
system was for mostly polluting coal units to be replaced. However, for complex reasons involving
changes in how power is now priced and dispatching performed, the more typical situation under
deregulation is for the cleanest and advanced combined-cycle natural gasunits to be displaced instead.
At the same time, in practice it has turned out that almost all of the LFGTE units have been internal
combustion engines (ICE), which are highly polluting machines. That is to say, today the offset factor
actually results in worse air pollution in more instances.®

The effect of correcting for the change in regulation, and the consequent reordering of base
load units that LFGTE displaces, is to decrease the amount of carbon dioxide emissions that are
actually avoided. On the basis of how much CO, is emitted per kilowatt hour generated, the offset
is reduced from 14% to 5%.¢

‘When the carlier correction for lower capture rates is
added to the lower estimates of avoided emissions elsewhere, the LFGTE Offset Factor
remaining offset is reduced from the original 14% to 1%.

Energy recovery landfills operated differently, Asyet
another example, when a landfill is operated for energyrecovery,
the objective of maximizing gas capture is sacrificed. This is
because the generators that recover the energy from landfill gas
require the gas to have a high Btu content, which cannot be met

5.3%

3.4% 2,9%

CO2 Offcet

‘Effect of Corrections on

6%

when the methane portion is not close to 50% of the gas
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produced in landfills. The other half of landfill gas is largely - T1ovs capsure cor] Sommiinen
carbon dioxide with only a fifth the energy value of methane. EPABOY%  Emission Gorr  ShulWels Com

Continuous extraction of landfill gas can make it impossible to maintain high Btu gas. For
when a vacuum is exerted to extract methane out ofthe waste load, significant volumes of condensed
moisture — which are necessary for further methane production— get drawn out ofthe refuse at the
same time. The surrounding field soon becomes tapped out as a source of CH, for producing power.
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To prevent that from happening, operators throttle back on those wells where low methane
ratios are recorded to give the surrounding field time to recharge. But, when gas collection around
a well is damped down, more landfill gases escape uncontrolled into the atmosphere. The fact that
the escaping gases may only contain 40%, instead of 50%, methane slightly reduces, but does not
substantively avoid, major GHG emissions. There is no reporting of how often throttling is utilized,
but anecdotal evidence suggests that about 15% of'the fields at a LFGTE landfill will be turned down
at any point in time. This would reduce lifetime capture rates from 19% to 16%, and equate to a loss
in the offset, after combining all these corrections, to just one-half of 1% (see CHART above).

Improved Gas Collection

_ California is considering a proposal to encourage improvements in gas collection as a part of
its greenhouse gas strategy. However, the realities of the regulatory environment and indusiry
practice do not provide confidence that this will be a productive endeavor.

Asnoted eatlier, even if there was a will to do so, there is no practical means to enforce any
significant and sustained improvement in gas collection practices. For landfills are a non-point source
that defy reliable measurement."” Neither is there any evidence of the necessary will to regulate, as
the following history of landfill gas regulation shows. :

Tts roots began in 1969, when twenty-five soldiers were almost burned alive in the Winston-

- Salem National Guard Armory. Methane from an adjoining landfill migrated into the building through

underground utility pipes and was ignited by someone lighting a match. Through the 1970s, across
the country, hundreds more narrowly escaped death from gas explosions caused by landfills.

The cause of this problem laid in the fact that, in that period, the sites were covered with ditt
and then compacted in order to reduce odors and vermin, which were the source of public complaints.
But, efforts to engineer around the inherent challenges fromburying biologically active and dangerous
materials in the ground have persistently created whole new problems. In this case, the covers led to
the very anaerobic, or oxygen starved, conditions in landfills that, for the first time, gencrated mdjor
volumes of methane, which can be explosive, as well as a greenhouse gas.

Also in those sites of the time, the less permeable cover on top would often make it easier for
that gas to escape by migrating underground into adjoining buildings. This was something that had
been widely documented as far back as 1959. Yet, for over a decade after that Armory explosion,
EPA limited its reaction over the near loss of human life to studying the causes of the problem. The
reports culminated not in any regulations to control gas migration, but ina recommendation, swiftly
rejected by real estate interests, that restrictions be placed on siting building structures near landfills.

Not until the end of the 1980s was any serious contemplation given to the installation of the
commercially available active gas collection systems. Those systems had been developed in 1974
when the Los Angeles County Sanitary District’s (LACSD) Palos Verdes landfill caused an explosion
at the next door Covenant Church the prior year, just a few hours before the congregation was to
arrive for service. By the next year, the LASCD engineered rigid vertical pipes that were perforated
so gases could be drawn out of the surrounding waste mass when the several wells were connected
by headers at the surface and subjected to a vacuum.

However, the fact that these collection systems did not expand much beyond a few publicly
owned landfill until more than twenty years after the Armory explosion was peculiar. It suggested that
the motivation was more for reasons of self-interest, unrelated fo preventing people from being killed.

A decade after the threats from gas leaks were recognized, composite finers were beginning
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to be required in the 1980s to reduce groundwater pollution unrelated to the gas problem. These
liners consisted of 2 feet of compacted clay overlaid with a geomembrane, or a '/," sheet of plastic,
and were also installed on top as covers fo keep out rain.'® That sheet at the bottom was less
permeable to gas transmission, and, therefore, also serendipitously succeeded, for the moment, in
blocking the troubling subsurface gas migration. However, again, the gain was at the price of creating
another new problem that worked to encourage the use of gas collection, because the barriers
provided no ready way for major volumes of gas to be safely released as a new era of mega-sized
landfills began.

With the requirement for costly engineered liners in the offing, the industry had begun to build
bigger landfills in order to achieve economies of scale that could overcome the cost of those liners
on a per ton basis, as well as to reduce the number of sites needing to be permitted. But, with
massive size, the sheer volume of gas became too great for passive venting to relieve the pressure.,
Expanding gases generated in the confined wastes of megafills had no where to go, and began to
bulge open the covers on top of the landfills, especially in those larger megafills with the mass to

© generate upwards of 200 million cubic feet of gas annually. At these lined, super-sized landfills, the

cost to install active gas collection systems became less than continually repairing the caps.

By 1990, the need for gas collection systems had already begun to be internalized at major
facilities in order to protect their owners’ investment just as new laws required some action. In that
year, the Clean Air Act Amendments (CAAA) imposed “new source performance standards” (NSPS)
on new sources, including landfills, for criteria and hazardous air pollutants, not then understood to
include methane. The following year, EPA issued its proposed landfill air rules, which were largely
based upon the work of California’s South Coast Air Quality Management District (SCAQMD) from
the early 1980s, except that EPA’s proposal was to apply to only large landfills.

However, the practices that South Coast had developed, while advanced in their day, had
solely been intended and validated for the limited purpose of addressing the only air issue ofthat time,
namely odors. They had nothing to do with any particular level of atmospheric methane, smog or non-
methane organic compounds, which only became landfill issues later. Nor did they have anything to
do with what constituted a reasonable control sirategy in 1991 as global warming was recognized,
nonetheless what might be needed 20 years later to dramatically reduce greenhouse gas emissions as
the issue became prominent. But, at least the proposal had some enforceable standards requiring a
specific design system that had to be installed within two years after wastes were deposited.

By the time the final rules came out in 1996, each of the specific design requirements in the
proposed rule had been stripped from the code in response to industry objections, All that remained
was an essentially meaningless and unenforceable admonition for there to be “a well-designed and
well-operated gas collection system,” and that, only after five rather than two years. Also, the
thresholds that determined how large a landfill needed to be to be covered by the ruie were raised by
40%, restricting the putative requirements to only 5% of all landfills. Essentially, the final product
reduced the effect of the rules to what was becoming the industry practice anyway for the purpose
of avoiding damage to the caps in the very large landfills where passive venting was inadequate. But
that had no necessary relation to societal concerns about global warming,

Even worse was EPA’s decision to violate a key CAAA requirements. Section 112 required
far stricter standards for hazardous air pollutants (HHAP), than for non-hazardous criteria pollutants.
Sources that release HAPs had to employ the maximum abatement system (MACT), rather than just
the typical system (BDT), because toxic emissions directly affected human heaith.

EPA did acknowledge that “vinyl chloride [from landfills] can adversely affect the central
nervous system and has been shown to increase the risk of liver cancer in humans, while benzene is
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known to cause leukemia in humans [and the] degree of adverse effects to human health from
exposures to these HAP can range from mild to severe.” Yet, notwithstanding the CAAA’s
peremptory requirements, EPA did nothing about the impacts on landfills neighbors, which
epidemiological studies suggested might be associated with observed higher rates of leukemia,
gastroschisis and exomphotos, and, in babies, low birth weights and abdominal wall defects.”

When, nine years later, the agency did issue rules in 2003 that it clajmed were intended to
comply with the law’s higher requirements for HAPs, it imposed nothing on 99% of the 2,500 or so
permitted landfills. Only a few dozen new “bioreactor” landfills were ostensibly affected. Landfills
operated as bioreactors deliberately flooded the waste with sewage sludge, as well as runoff and
recirculated leachate, in order to more aggressively accelerate the rate of decomposition.

_ That moisture also dramatically increased gas generation in the early years. For these few
facilities, the new rule required gas collection to begin after six months, instead of after the five years
required of dry tomb landfills, because the onset of gas generation was so much sooner, On the other

‘hand, the far larger number of landfills that do not add outside liquids, but instead follow the

increasingly common practice of just recirculating leachate, also advances the onset of gas generation.
Yet they were not covered by the six-month rule that only applied to bioreactors.

Had MACT procedures been followed, all landfills would have had to do things deployed at
the best sites, such as double the well density, horizontal pipes with each lift and each cell capped
when full. These would have achieved substantive reductions in GHGs at the same time, But, nothing
like what MACT required was done.

Moreover, neither did the rule substantively require much of anything for the few bioreactor
landfills that it did apply to. The same flexible horizontal tubes, which are laid down with each day’s
lift to inject moisture into the landfill and accelerate decomposition, could also be counted as a gas
extraction system if their use was alternated between liquid injection and gas extraction. Effective
gas collection under these conditions—involving co-utilization of the piping system, flexible pipes that
often collapse, saturated conditions and rapid differential settlement, all without a seal on top to
prevent oxygen infiltration - is impossible. Or, to use the words of bioreactor’s proponents, the task
is “challenging.” The learned professions often use such euphemisms to describe untoward results,
such as the accounting profession’s characterization of offshore tax havens as “aggressive”
accounting, rather than “illegal” as determined by the IRS.

In tandem with the frayed fabric of regulation, industry practice under EPA’s deregulatory
philosophy have continued to degrade gas collection performance. For example, the first vertical gas
collection pipes in the carly 1990s had been spaced about 150 feet apart. But, over time their density
was reduced to approximately every 350 feet, with a concomitant reduction in coverage. This was
not done because anyone had data to show that the same proportion of methane could be collected
with less than halfthe piping, but only because, in conjunction with aggressive misting during hot and
humid summer day, odor complaints could be kept within politically manageable levels.”

A worse example involved prolonged delays in the installation of the final cover. In practice
caps were not installed at the same time as the gas collection equipment was installed, even though
these covers are essential for the systems to function propetly. This is because, without a seaion top,
gas collection pipes will also draw oxygen from the surface, along with landfill gas from the wastes
surrounding the well. If more than 5% oxygen is in the collected gas, the mixture becomes
combustible, and the system must be throttled back to reduce the draw from the surface to prevent
landfill fires and explosions. As mentioned earlier, in an effort to improve profitability by recovering
air space, the common industry practice today is to delay the installation of the final cap for as lon
as possible, ten years and more, at a significant cost in dramatically reduced collection efficiency.
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Over the course of those twenty years before self interest forced megafill operators to capture
gas, even the direct loss of human life was insufficient to motivate regulators or private industry to
address this issue, other than in isolated cases, such as at publicly owned LACSD landfills. And, this
prolonged period of inaction involved an issue in regard to which the problem was known and the
consequences were palpably visible, and indeed fatal. That is in conirast to something like methane
in its manifestation as a greenhouse gas. For methane’s release from landfills into the atmosphere
cannot be measured, and it produces neither smoke, odor nor fatalities that can be readily detected.

There are many inspiring success stories in the annals of regulation. This does not number
among them. Reliance improved gas collection to meet California’s climate change strategy is
exceedingly unlikely to be met unless the entire regulatory edifice is reformed first.

The Compost Alternative

For the past nine years, the European Union, recognizing those inherent limits on_controlling
landfill gas emissions, has focused on removing decomposable material from the landfill. In 1999,
Brussels ordered phasing out the land disposal of decomposable discards. Without the decomposition
of organics under anaerobic conditions, little or no methane will be generated in the first instance.

One way to do this is by sepatating food scraps and soiled paper in our homes, offices and
stores for composting or energy, just as we already successfully separate our bottles, cans and
newspaper for recycling. A problem can be transmuted into a solution by using the nuirient value to
restore fertility to depleted soils. Many cities in California have moved in this direction or are actively
planning to do so, including: Alameda, Albany, Arvin, Berkeley, Castro Valley, Dixon, Dublin,
Emeryville, Fremont, Gilroy, Hayward, Healdsburg, Livermore, Morgan Hill, Newark, North
Hollywood, Oakland, Pleasanton, Portola Valley, San Francisco, San Juan Bautista, San Leandro,
San Lorenzo, Sonoma County and Stockton. So, too, are the provinces of Ontario and Nova Scotia.

As Mr. Kenneth Newcombe, founder of the Prototype Carbon Fund, stated for the World
Bank in a FOREWORD to our upcoming report on landfill gas, when he was presented with the facts
showing that gas collection efficiency is extremely poor:

* “That revelation has enormous implications for policy makers, especially when we recall
where all that CH,, comes from.

“For there is no methane in household or commerecial garbage. Iromnically, those emissions
only occur when we bury our unsorted trash in lined landfills intended to isolate the waste.
Although once considered state-of-the-art, not only will the batriers eventually deteriorate,
threatening groundwater, but also they foster the oxygen-starved conditions in which
methanogenic microbes thrive... :

“Simply put, in order that methane never gets generated in the first place, we should stop
dumping decomposable material into landfills. Tinkering with ultimately ineffective gas
collection regimens, as we are doing, is not a productive enterprise ...

“As Europe recognized six years ago, safe management of organic matter in the ground is
currently not feasible. For real progress to be made in alleviating the threat of global
warming, those decomposable materials will need to be separated at the source so that only
inert matter winds up buried. Once diverted, the grass, leaves, food and soiled paper we
discard can be safely used for their value as compost to restore fertility to our land, or for
producing methane to generate power.

“That is the constructive path many of us in the World Bank ho;)e to follow in creating
markets for greenhouse gas emissions under the Kyoto Protocols.” ?
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CONCLUSION

The first years of the 21 century have been a transcendent experience for regulators as the
evidence of global warming has become palpable.

No longer are the consequences of those debilitating political compromises that cripple
progress localized somewhere else. Unlike regulatory decisions of the past, in matters affecting
significant greenhouse gas emissions, business-as-usual means leaving an highly uncertain world as
the legacy for all our children, not just for the offspring of the powerless.

‘ To continue ignoring the long term consequences of regulatory failures would be especially
unfortunate today, because climate change has redrawn the lines that define political interests.

The imposition of a carbon cap means that each industrial sector will be required to reduce
their emissions (or pay for others to do so for them) by some percentage. If one sector, like the
landfill industry, is drastically undercounting its base line emissions, then it will need do little. But
others, like the utility industry, will have to do that much more to compensate.

Because of AB 32, California is now largely in a zero sum game among the different sectors
of its economy, and inappropriate political compromises to benefit one are at others’ expense.

The sooner that this new inescapable reality can be understood, the sooner real progress can
be made to achieve the law’s intent. 0
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ENDNOTES

EPA makes three upward adjustments in its base 75% capture rate, none of which are supportable. First, the actual
averaging process generafes a rate of 78%. An examination of its data base and conversations with staffshows that
it uses 75% as the default assumption, but accepis higher self-reports from operators when provided by those with
sites exhibiting higher performance, ignoring the probability that those with worse performance are exceedingly
vnlikely to volunteer that fact, .

Second, EPA assumes that 10% of the methane is oxidized in the overlying soil layer on top of a clo’ged landfitl.
U.S.B.P.A., Greenhouse Gas Emissions from Management of Selected Materials in Municipal Solid Waste (EPA
530-R-98-013)(September 1998), at p. 106. Based upon a study by Czepiel, which found in field and laboratory
studies during 1994 that 10% of the methane generated in a landfill was oxidized in the cover soil over the course
of a year. P. M. Czepiel, et al., “Quantifying the effect of oxidation on landfill methane emissions,” Journal of
Geophysical Research (July, 20, 1996)., at p. 16,720, See, also, David Kightley, ef al, “Capacity for Methane
Oxidation in Landfill Cover Soils Measured in Laboratory-Scale Soil Microorganisms,” 61 Applied and
Environmental Microbiology 592 (February 1995). Alex de Visscher, et al, “Methane Oxidation in Simulated
Landfill Cover Seoil Environments,” 33 Environmental Science & Technology 1854 (1999). When the gases are
diffused throughout the averlying soil blanket, as would have been the case with most properly maintained clay cover
landfills constructed before 1991, this study would be applicable. However, modern landfills gases are not diffased
at the surface throughout that earthen Iayer, because, in most cases, since 1991 a composite cap has been required
under that soil blanket, including in practice a 60-mil (or '/,;") high density poiyethylene plastic membrane that
effectively impedes the passage of gases from the waste into that cover soil. This is key. It means that instead of the
methane diffusing throughout the topsoil for maximum oxidizing effect, the gases that are released above the landfill
not using alternative covers are concentrated in high fluxes at a handfut of cracks and tears in the plastic sheet.
Concentrated high flux emissions quickly overwhelm the capacity of the topsoil to oxidize the escaping methane
through these hot spots. Czepiel expressly stated that not only was his study not done at a landfill with a synthetic
geomembrane, but also, “[pjeriodic maintenance of the cover materials has minimized significant surface cracks”
in the clay layer, as well, That is to say, nothing in his study can be used to describe what happens to the methane
that flashes through a small number of hot spots on the top face of the Iandfill. He further reomphasized again in his
conclusion that his findings did not apply when gases are released in high fluzes through narrow cracks: -

“Waste settlement, surface erosion and soil dessication often promote significant surface cracking,
providing paths of minimal resistance to gas flow, effectively bypassing microbial influence. Our study
generally lacked surface cracks, although his characteristic may not be representative of the entire spectrum
of landfill surfaces.”

Third, for landfills with energy recovery, EPA makes incorrect assumptions concerning the amount and concentration
of emissions avoided elsewhere when power is generated with landfil} gas, which is described later in the text atp.5

Stephen Piccot, “Field Assessinent of a New Method for Estimating Emission Rates from Volume Sources Using
Open-Path FTIR Spectroscopy,” 46 Journal of the Air & Waste Management Association 159 (February 1996), at
p. 159; Gunnar Borjesson, Methane Fluxes from Swedish Landfills (Swedish EPA AFR-Report 263, October 1999).
Ram Hashmonay, et al., “Field Evaluation of a Method for Estimating Gaseous Fluxes from Area Sources Using
Open-Path Fourier Transform Infrared,” 35 Environmental Science & Technology 2309 (2001). Bo Galle, et al.,
“Measurements of Methane Emissions from Landfills Using a Time Correlation Tracer Method Based on FTIR
Absorption Spectroscopy,” 35 Envirenmental Science & Technology 21 (2001). P.M.Czepiel, “Landfill methane
emissions measured by enclosure and atmospheric tracer methods,” Journal of Geophysical Research (July 20,
1996), at p. 16,711.

First, EPA’s internal survey refused to consider any work suggesting low collection efficiencies when the systems
are operating, Proctor & Gamble's scientists did a comprehensive survey of anecdotal reports in 1999, which found
that the reasonable self-reported assumed values fell largely in the 40% - 50% range. Peter White, Integrated Solid
Waste Management: 4 Lifecycle Inventory (Aspen Pub. 1999), at p. 273, as did a widerange of other neutral studies
referenced in note ? . These citations have been provided to EPA staff not only have the authors and other private
parties, but also by its own Region 9 office, which it also ignored. EPA has not advanced its credibility by pretending
that low estimates do not exist. Neither has its consultant, ICF Consulfing, when it attempted to buttress ihe Agency’s

75% assumption by claiming that it was supported by all four commenters of the Agency’s original 1998 global
warming report in which the 75% assumption was used for estimating landfills’ contribution to global warming,
ICF’s Randy Reed placed special emphasis on the fact that M's, Maria Zannes from the Integrated Waste Services
Association (IW SA), the trade association for the waste-to-energy industry, also supported it. Exhumation of thepeer
reviewers’ written comments show nothing of the kind. As concerns the ISWA comments, not only did Ms. Zannes
make no comment that could be construed as supporting 75%, she said she was “baffled by this assumption” EPA
used concerning overall capture rates. With regard to the only other non-landfill industry comments of Karen
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Harrington for the Minnesota Office of Environmental Assistance (MOEA), neither did shie concur in a 75% lifetime
capture rate, Ms. Harrington actually supports the view that most of the gas is produced when there are no collection
systems functioning after the post-clesure period ends, the gas and liquid removal systems are turned off, the barriers
deteriorate, water reenters the site and gas production resumes of the undecomposed fraction of the waste load.

Inierviews with Henry Ferland, Dina Kruger and Elizabeth Scheele at U.S.E.P.A.
40 C.F.R, §60.755(b).

In the first 10 years of a landfill’s life, the amount of landfill gas that is generated, and the proportion of that which
is uncentrolied, is greater today than was ever contemplated under the terms of the agency’s landfill rules.

As created, the rules in 1991 provided for the early use of liners and covers to isolate the wastes from moisture in &
so-called “dry tomb.” 40 C.F R. §258.28. The infent was fo minimize biological activity that gonerates leachate and
gas that are difficult to manage. For the period of time that the barriers retained their integrity, these efforts minimized
gas generation by minimizing moisture, Later in 1996, rules were promulgated requiring the installation of active gas
capture systems after five years of the first waste emplacement. 40 C.F.R. §60.755(b). This supplemental rule was
intended to collect the gas generated from moisture entrained with the incoming waste and from rainfall on the active
working face, beginning in that fifth year.

However, in a more recent effort to recover air space and increase profits, over the past several years the common
indusiry practice has reversed the rules’ original intention by the deliberate addition of as much moisture as possible
before covering the site in an effort to accelerate decomposition. ‘This has been accomplished by deliberately
maximizing the Hquids funneled into the landfill in a number of ways. These include recirculating leachate, delaying
installation of the cover so more rainfall can be captured, re-grading fo maximize runoff, and sometimes injecting
sewage studge.

Effcctive gas collection is impossible in the rapid differential settlement that ensues. For example, often the same
piping is used to inject liquids and to remove gas in order to reduce costs, but most importantly, the essential seal on
top of the landfill to prevent oxygen infiltration into the gas collection system is delayed by as much as fen years and
possibly longer.

Landfill regulators have yet to address the profound implications for global warming of the deliberate decision toshift
methane generation from decades’ hence to the present, and at 2 time and under conditions when gas collection is
ineffective. At the same as the basis for the current rules rely upon so-called dry tomb principles, EPA has, under
the false pretext of allowing for limited research and testing, effectively allowed the industry to unilaterally convert
over to an entirely different wet cell basis without consideration of the cumulative impacts,

53 FEDERAL REGISTER. 168, atpp. 33344-33345 (August 30, 1988). 46 FEDERALREGISTER 11128-11129 (February

5, 1981). Similar; “A liner is a barrier technology that prevents or greatly restricts migration of liquids into the
ground. No liner, however, can keep all liquids out of the ground for ail time. Eventually liners will either degrade,
fear, or crack and will allow liquids to migrate out of the unit. Some have argued that liners are devices that provide
a perpetual seal against any migration from a waste management unit, EPA has concluded that the more reasonable
assumption, based on what is known about the pressures placed on liners over time, is that any liner will begin to
leak eventually.” FEDERAL REGISTER {July 26, 1982), at pp. 32284-32285.

International Panel on Climate Change, Second Assessment - Climate Change 1995 (1995).

In caleulating greenhouse gas emissions, the different types of warming gases are converted into a carbon dioxide-
equivalent basis for ease of compatison. To do this, the fact that methane breaks down in the atmosphere over a
shorter interval than CO, must be accounted for. EPA uses a 100 year time to recognize CO,'s longer residence time
than CH,, If instead, EPA consistently used a single year as the time period for calculation, the muitiplier to convert
CH, to a CO,-cquivalent basis would be more than fiventy times the 23x conversion factor that EPA currently uses
in estimating landfills’ GHG responsibility. EPA’s use of diametrically opposite time periods for comparison, applied
improbably in a way that consistently minimizes landfills’ responsibility for GHGs, is not easily explained on a
rational basis.

The only actual test for landfili air ernissions uses a protocol that statistically is unable to detect significant leaks, and,
in any event, has no relation to minimizing methane emissions as opposed to offensive odors to neighbors.

See, e.g., Peter White, Integrated Solid Waste Managemeni: A Lifecycle Inventory (Aspen Pub. 1999), at p. 273,
See, also, European Commission, 4 Study on the Economic Valuation of Environmental Externalities from Landfill
Disposal and Incineration of Waste - FINAL APPENDIX REPORT (October 2000), at p. 144; and Ofira Ayaton, ef al.,
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“Solid Waste Treatment as a High-Priority and Low Cost Altemative for Greenhouse Gas Mitigation,” 27
Environmental Management 5 {May 2001), at p. 699, TABLE 1,

The mathematics for these calculations are as follows. To correct the 75% assumed instantancous capture rate to a
tifetime rate, more than 60% of the gases generated occur either before or after effective gas collection systems are
operating, with at least one half of the potential gas emissions after the systems may be removed from service, and,
when using the EPA First Order Decay model, 6% before the pipes are required to be installed. From year 5 to about
year 10 when final covers may be installed, there will be ineffective collection about 12% of the time, during which
capture efficiency, at best, might be half of what normally might be achieved.

Calculation: 0.76 * {1 - 0.60} = 0.28.5

To correct the assumption of what the best operator might achieve instead of what actual operators do achieve
inasmuch as there are no measurements taken of violations that could lead to enforcement, 50% is used.

Cafcufation: 0.285 * {{1- 0.75- 0.50}0.75] = 0.19.
IPCC Final Drafi Chapter 10, at p. 22, lines 23-25. A copy of the full chapter is attached.

The European Community also reached this conclusion based on the further fact that the entire theory of ined landfills
is fataily flawed in that all manmade barriers will, as EPA has recognized as well, “ultimately fail,” This means we
have only postponed, not prevented, groundwater pollution.

Prior fo deregulation, when the utility dispatcher purchased base load electricity from an Independent Power Producer,
such as a LFGTE generator, he or she would have displaced an equivalent quantity of power from the utility’s most
operationally expensive base load plant. That would ofien be old, inefficient, and expensive to operate, coal plants.
EPA uses the composite emissions profile for al fossil plants in 1996 to calculate LFGTE’s offsetting effects. At the
time, that was a reasonable proxy.

Since 1996, however, there have been two major changes thatupend the original assumptions, First, a significant part
of U.S. base load capacity now comes from cleaner natural gas, instead of tnore polluting coal, and much of that from
very efficient units. Second, the wholesale utility markets have been largely deregulated, moving dispatching to
Independent System Operators, who purchase power in a spot market from utility and non-utility independent power
producers, :

While many of the dirtiest old coal plants have been largely depreciated so that they can be bid on their operating
costs alone, the newer ones will not, and therefore will need to be priced based upon both their capital and operating
costs. The effect, increasingly, is (o displace these more efficient gas units that exhibit very low emissions.

On the other hand, 90,2% of instatled LFGTE capacity is polluting internal combustion engines (ICE), burning
landfill gas, which is significantly dirtier than pipeline natural gas.

The 2,010 pounds of CO,/MWH assumed in EPA’s estimates would be reduced to 790 ibs, CO,/MWH. LFGTE’s
generators, incidently, emit 2,040 Ibs. CO,/MWH, but that is generally considered to be part of the carbon cycle,
which does not add new CO, into the atmosphere.

There is one putative standard in the air rule that is intended to limit concentrations of methane at the surface to 500
ppm, the so-catted “sniff test.” 40 C.F.R, §60.753(d) and §60.755(c). But, first, the sniff test was developed by the
South Coast Air Quality Management District in the early 1980s because methanc was believed to be a precursor of
odor complaints by neighbors, and at levels greater than 500 ppm, odor complaints were noted. But, there is no
relationship whatever between 500 ppm and what needs to be dene to truly minimize GHG emissions from landfills
to meet the demands of a coherent global warming strategy. Second, this test is predicated upon a regimen that only
works if emissions are diffused across the entire face of the landfill, which is longer the case at Subtitle D landfills,
Most of them have low permeable geomembranes that limit most releases to a few localized tears in the liners, Using
a Poisson Distribution, the statistical probability of detecting 10 leaks at a landfill is 2.3974227905e-38, and that is
even if the test conld not be gamed, which it can and is.

40 C.F.R. §258.40(a)(2)(b), for the liner, and 40 C.F.R. §258.60(a)}(1), for the cover (which strictly speaking does
not directly require a composite finer, if a bottom liner is approved with less barrier performance). Also, alternative
covers are authorized as part of Research, Development and Demonstration permits, 40 C.F.R."258.4(b).
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State of New York Department of Health, Investigation of Cancer Incidence and Residence Near 38 Landfills With
Soil Gas Migration Conditions, New York State, 1980-1989 (1998); Paul Elliof, “Risk of adverse birth cutcomes in
populations living near landfill sites,” 323 Brifish Medical Journal 363 (Aug. 2001); 56 FEDERAL REGISTER 24472

(May 3, 1991).

Note that the common practice by private industry of reducing collection performance was not followed by many in
the public sector, many of whose landfills continued to use narrow spacing.

This inappropriate operating practice has been further encouraged because, following promulgation of EPA’s first
national tandfill standards in 1991, experience showed that the final covers contemplated in the code did not work.
The very geomembrane, which was found necessary to reduce infiliration, exhibited too slippery a surface to stabilize
the overlying soil layer. As a result, there are very few large landfills today that have capped any of their completed
cells because there is no known way to properly do so,

Center for a Competitive Waste Industry, from Beneath the Ground: Gas from Landfills Threaten to Overheat the
Earth (wpcoming Falt 2007),
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