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Disclaimer
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Executive Summary of Key Findings

Our literature review and modeling of environmental impactgaste management
focused on the lifecycle impacts of various approacheméterials and solid waste
management, including recycling, composting, landfilling, aadterto-energy
incineration, plus the emerging technologies of gasifioapgrolysis, and anaerobic
digestion. The scope of this review and the selectidhese technologies were
identified by MA DEP. Other technologies, such as MSWanwyosting, are beyond the
purview of the current report. Our review has severalarehing conclusions:

1)

2)

3)

4)

From a lifecycle environmental emissions and energy perspeadi, source
reduction, recycling and composting are the most advantageous managem
options for all (recyclable/compostable) materials in the was stream.(See
Tables ES-1 and ES-2, below.) This finding confirms thditional solid waste
management hierarchy that has guided MA DEP’s Solid Wdagter Plan to date.

After maximizing diversion through source reduction, recycing and composting,
it is appropriate for DEP to continue to monitor developmentsegarding
alternative waste management technologies that produce energy — dasition,
pyrolysis, and anaerobic digestion. In evaluating conventional and alternative
management options for the remaining waste streancotimpeting needs of energy
generation and prevention of climate change come into gieen that materials with
high fossil fuel energy content, such as plastics anderylalso emit high levels of
greenhouse gases when they are combusted or processeerfiy: Expected federal
regulation of carbon emissions, or market mechanisicis &s cap-and-trade systems,
may place additional focus on solid waste managemetfitiéscas emission sources,
making greenhouse gases an increasingly important corngaerafuture waste
management decision-making.

Several factors lead us to conclude tdification and pyrolysis facilities are
unlikely to play a major role in MSW management in Massachusettby 2020

Key issues informing this conclusion include: the lack geseience in the U.S. with
large-scale alternative technology facilities sucadlysprocessing mixed MSW and
generating energy; the long lead times to plan, sitestoact, and permit such
facilities; the significant capital costs required &éinel loss of solid waste
management flexibility that is associated with the {oergn contractual arrangements
that such capital-intensive facilities require; and #latively small benefit with
respect to greenhouse gas emissions compared to diverdgomififing.

The prospects for anaerobic digestion facilities appear to b@ore favorable
given the extensive experience with such facilitieheU.S. for the processing of
sewage sludge and farm waste and the fact that no sigmifioaan health or

Materials Management Options for MA Solid Waste Master Plan Review Final Report

1



environmental impacts have been cited in the literatitereover, since anaerobic
digestion is more similar to composting than high-tem@@ecombustion, its risks are
expected to be akin to composting, which is considered ikky-Anaerobic
digestion may be most suitable for source-separated ongatbérial as an alternative
to conventional composting. Ultimately, the degree to ivhicaerobic digestion
makes sense will depend largely on the economics offaadtties, including the
energy they produce, versus directly composting such ialateaerobic composting
facilities.

5) As summarized in Table ES-1, below, among the othentdayy options —
landfilling, waste-to-energy incineration, and gasificafayrolysis — from a life-
cycle perspectiveo technology performs better than the others acrosall the
seven emissions categories reviewed. However, reported pen emission factors
for gasification/pyrolysis facilities are lower than for WTE incineration facilities
for all pollutants, and lower than landfill emissions for al except carbon dioxide
(eCOy). (Key assumptions and a discussion of the modeling rematpresented in
section Ill.)

Table ES-1: Summary of Per Ton Emissions by Management Method

Pounds of Emissions (Reduction)/Increase Per Ton — Summary

Human Human Human
Management Climate Health - Health - Health- Eutrophi- Acidifi- Ecosystem
Method * Change Particulates Toxics Carcinogens cation cation Toxicity

(eCO,) (ePM2.5) (eToluene) (eBenzene) (eN) (eS0O2) (e2,4- D)

Recycle/
Compost (3620) (4.78) (1587) (0.7603) (1.51) (15.86) (3.48)
Landfill (504) 2.82 275 0.0001 0.10 2.38 0.21
WTE
Incineration (143) (0.30) 68 0.0019 (0.01) 0.04 0.29
Gasification/
Pyrolysis (204) (0.36) (1) (0.0000) (0.05) (0.93) 0.09

* Quantitative performance data from anaerobic tigeacilities comparable to that for the other liagi
types is not readily available for the modeled eroissicategories and therefore not included in the table.

6) For modern landfills, waste-to energy incineratossyall as the gasification and
pyrolysis plants, the emission factors used to compaveonmental performance are
based largely on modeling and/or vendor claims for modéate-of-the art facilities,
as opposed to actual operational data from real worldriexpe. For example, actual
operating performance for Massachusetts WTE faciliteessbeen shown to produce
far higher emissions than the modeled figures. Simjléingre remains significant
uncertainty as to whether commercial scale gasifioapyrolysis facilities
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7)

8)

processing MSW and generating energy can perform assvéie vendor claims or
modeled emissions.

Preference among the alternative technology options based on eronmental
performance is dependent on the relative importance placesh eCG emissions
versus the other pollutants For example, on a per ton MSW basis, modern landfills
with efficient gas capture systems reduce two and &ihvek as much eCQas
gasification and pyrolysis facilities, and three arht times as much as waste-to-
energy incinerators.

From a life-cycle net energy perspective, waste diversionrtiugh recycling
provides the most benefit, saving an estimated 2,250 kWh per tar solid waste

Of the other waste management technologies, gasification and pyysis facilities
have the most potential for energy production at about 660 kwWh peton,

followed by modern waste to energy incinerators at 585 kWh pdon, and then
anaerobic digestion, and landfilling The estimated energy potential of the various
management methods is summarized in Table ES-2, below.

Table ES-2: Net Energy Generation Potential Per Ton MSW

Management Method (E\?\ﬁ:gg;gﬁnlagv\;)
Recycling 2,250
Landfilling 105
WTE Incineration 585
Gasification 660
Pyrolysis 660
Anaerobic Digestion 250

* Per-ton energy generation potential estimates arendepeon a number of factors including: the
composition of the MSW stream, the specific technologoesidered (e.g., fluid bed versus fixed
bed for gasification), and the source of the dataurcgoreferences are provided in section lIl.

9) In considering potential sources of energy to meeCramonwealth’s electricity

needsjf 100% of MSW currently landfilled or exported (about 3.5 million tons)
were processed by pyrolysis facilities, the maximum poteial electricity
production would be 2.3 million MWh per year or about 4% of thestate’s 2005
electricity consumption.

Materials Management Options for MA Solid Waste Master Plan Review Final Report
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10)The Morris Environmental Benefits Calculator (MEBCaioydel was used to

analyze the relative environmental and energy impadtw¥eé alternative solid waste
management systems for the Commonwealth in 2020 — Szdnd&usiness As
Usual; Scenario 2: Enhanced Diversion, No Alternative Telolgies; and Scenario
3: Enhanced Diversion with Alternative Technologies (gagion and pyrolysis). As

summarized in Table ES-3, results of the modeling indit@atScenario 1, without
an enhanced diversion program (or the introduction of new termal treatment
technologies), produces significantly lower environmental beffies than the other
scenarios across all emissions categories considerdtlithout an enhanced
recycling program, Scenario 1 has a disposal streansthhbut 3 million tons more
than the other scenarios.

Table ES-3: Scenario Emission Impacts

Total Tons of Emissions (Reductions)/Increases
Climate Human Health |Human Health |Human Health-| Eutrophica- Ecosystems
Change - Particulates - Toxics Carcinogens tion Acidification Toxicity
(eC0O2) (ePM2.5) (eToluene) (eBenzene) (eN) (eS0O2) (e2,4-D)
Scenario 1 (10,447,814) (5,158) (2,323,047) (1,131) (2,638) (28,640) (9,286)
Scenario 2 (14,541,153) (15,024) (5,031,471) (2,268) (5,171) (53,809) (14,754)
Scenario 3 (14,247,299) (17,696) (5,283,074) (2,268) (5,315) (56,837) (14,891)

11)The emissions profiles for Scenarios 2 and 3 are very giar for virtually all

emissions categories. The shifting of MSW from landfillingd gasification and
pyrolysis has a small impact on overall system emissiornBhis is because only
about 10% of the total waste stream is sent to the neuntl processing facilities
and because the emissions associated with the 80% wiidte stream that is either
recycled/composted or incinerated in conventional wasteeogy facilities in both
scenarios has a determinative impact on the ovaradiseons profile. Though the
overall differences are small, the shifting of wasterfiandfilling to gasification and
pyrolysis facilities that occurs in Scenario 3 resultlwer overall emissions for all
pollutants except eCO

12)The fraction of waste recycled or composted has a dominant irapt on the

Materials Management Options for MA Solid Waste Master Plan Review

overall system energy profile for all three scenariasThis is due to a combination
of the size of the recycled/composted waste stream (@ Bdenario 1, 62% in
Scenarios 2 and 3), plus the high energy savings per ainesfed waste. As
summarized in Table ES-4, below, Scenario 1 has aneege potential of almost 22
million MWh. The enhanced recycling/composting activiireScenarios 2 and 3
boost the overall solid waste management system'snegy potential by about 6.1
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million MWh or 28% over Scenariol. Introducing the gaation and pyrolysis
facilities in Scenario 3 and shifting MSW from landfiitsthese new thermal
treatment facilities increases overall net systemggngotential by 1 million MWh.

Table ES-4: Scenario Energy Impacts

2020 Scenario Post-Diversion Technology Tpns Managed K  Wh/Ton MWh Potential
Scenario 1 Recygled/Composted 8,537,028 2,250 19,208,313
No Max Diversion Landfilled w/ 75% + En_ergy 6,690,532 105 702,506
No Alt Tech Modern WTE Incineration 3,100,000 585 1,813,500
Totals 18,327,560 21,724,319
Scenario 2 Recygled/Composted 11,395,364 2,250 25,639,568
Maximum Diversion Landfilled w/ 75% + En_ergy 3,832,196 105 402,381
No Alt Tech Modern WTE Incineration 3,100,000 585 1,813,500
Totals 18,327,560 27,855,449
Recycled/Composted 11,395,364 2,250 25,639,568
Scenario 3 Landfilled w/ 75% + Energy 1,955,335 105 205,310
Maximum Diversion |Modern WTE Incineration 3,100,000 585 1,813,500
Plus Alt Tech Gasification/Pyrolysis 1,876,861 660 1,238,728
Totals 18,327,560 28,897,107

13)For both pollutant and energy impacts, the scenario analysisgints to the

significant benefits of broadening and strengthening the Comonwealth’s

recycling and composting diversion programs and the modest adaihal benefits
associated with shifting non-C&D MSW from landfills to new hermal
processing facilities.

In addition to our overarching conclusions, the follayey findings are organized by
method/technology within the traditional solid waste agggment hierarchy.

Waste Generation and Source Reduction

DEP anticipates that waste generation in the stdteavitinue to grow, increasing,
on average, 2% per year. Thus, overall waste geneagisidential, commercial, and
C&D) is expected to go from 13.9 million tons in 2006 to 18ilan tons by 2020.

Trying to avoid growth in waste generation should bera element of DEP’s efforts
to move from a waste management to a materials mameepproach. This
requires an upstream focus on waste reduction through: §hyeb in production
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processes and packaging (in which extended producer respongitiiR) may be an
important element); and (2) changes in consumption patter

Waste reduction experience in other jurisdictions suggestsndividual waste
reduction and reuse programs should be integrated in aecbloerall strategy to
maximize effectiveness. Stand-alone elements suadthuasigon or technical
assistance for home composting, for example, are mack effective when
combined with economic or policy incentives such as PaY-@s Throw pricing or
disposal bans.

Sustainable consumption initiatives, such as those unglenvurope, offer
significant waste prevention potential, well beyonel ldwvels currently deemed
achievable in the U.S. The potential is greatest wheréottus is not limited to
technological improvements and dematerialization, lmltides consideration of
values and lifestyle changes such as downsizing of lipages increased reliance on
public transit and car-sharing rather than private veloaleership, and adopting life-
cycle and precautionary approaches as a consumer of gubdsraices.

Focusing on priority materials and/or sectors basedaste reduction potential,
including both prevention and reuse, is a sound strategyCohenonwealth’'s
programmatic focus on commercial and residential orgaamd certain C&D wastes
is consistent with this approach.

Economic instruments such as taxes or fees shouldrbefpghe mix, but should be
linked to long-term waste reduction goals in the context@tasing resource
productivity. Getting price signals right for goods and sswiby including
environmental externalities is an important elemenaéiieving the structural
changes in the economy that are required to move tlswaasustainable materials
management system.

Government partnerships with the private sector, NG@sgher stakeholders are
critical for the successful development and implententaf waste reduction and
reuse programs. Policies and programs developed by goverageies without
meaningful involvement by the citizens, businesses, arat otlyanizations
ultimately responsible for changing their production@msumption patterns will not
gain the support necessary for effective implementation

Recycling and Composting

Our review of the LCA literature and our modeling outmatsfirm that, after source
reduction, waste diversion through recycling and compossitigei most
advantageous management option from an environmental aryy geespective.

Materials Management Options for MA Solid Waste Master Plan Review Final Report
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MA DEP should recommit to maximizing diversion. In additiorstrengthening
existing programs to capture higher fractions of divertibégerial, DEP should
emphasize those high-volume materials that araveblateasy to recycle/compost
(and for which there are available markets): food wastg@dential and commercial),
mixed paper, some plastics, as well as wood, wallboaddrcaiing from the C&D
waste stream. This may require additional source sepawm@ti the part of households
and businesses.

If current diversion rates remain unchanged through 2020Gptinage of recycled
and composted material will increase from 6.6 milliorston2006 to 8.5 million tons
in 2020. At the same time, the waste volume requiring gedeg and/or disposal also
increases by about 2.5 million tons in 2020.

In our alternative scenarios with more robust wasterdion efforts, of the 18.3
million tons projected to be generated in 2020 (assuming 24ahgrowth in the
waste stream), we estimate the realistic potentiaiefioycling/composting in 2020
will be approximately 11.4 million tons. (In these scemmrthe overall diversion rate
would increase from 47% in 2006 to 62% in 2020.)

The significantly higher diversion rates in the altgive scenarios (which represent
considerable success in expanding and deepening recycling andstiompoograms
state-wide) are largely offset by the expected growtiraiste generation. In absolute
terms, the post-diversion 2020 waste stream requiring managen@e9 million

tons, only slightly less than the 7.3 million tons dsgubin 2006.

Waste-to-Energy Incineration and Landfilling

While MA waste-to-energy incineration capacity is expddo remain at about 3.1
million tons per year through 2020, MA permitted landfilbaaity is expected to
decline precipitously from 2.5 million tons per year in 20®@tout 630,000 tons per
year by 2020.

The assumed growth in waste generation, combined witlo$keof in-state landfill
capacity, means that significant additional processisgddal capacity will be
required in Massachusetts and/or significant increasestiwaste exports will occur.

Landfilling waste in modern landfills with efficient g@apture systems actually
reduces carbon emissions per ton of MSW, regardlessstéwaeam composition,
because landfills act to store carbon. For state-e&th®/TE incineration facilities,
which unlike landfills release bound carbon to the aphese, the impact on
greenhouse gases is dependent on the waste stream. &eerdeMSW stream,
WTE facilities reduce per ton net eg&dmewhat, but for the post-diversion waste
stream, they increase net carbon emissions sligl$&e section Il for details.)

Materials Management Options for MA Solid Waste Master Plan Review Final Report
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Alternative Technologies

In considering alternative processing technologies —igasdn, pyrolysis, and
anaerobic digestion — it is important to note that a 8@amt fraction of the
undiverted waste stream (well over one million towsngrising fines and residuals,
other C&D and non-MSW, and glass) is largely inert mateand not appropriate for
processing in these facilities.

Carbon reductions per ton of MSW are two and a half togneater from modern
landfills with efficient gas capture systems than frgasification and pyrolysis
facilities.

Of the alternative technologies, anaerobic digesidhe most mature, though it is
most suitable for source-separated organic materialrrdithie mixed MSW. It may
be most appropriate as an alternative to conventionab@ecomposting, since
anaerobic digestion requires less land area, gase® captured for energy
production, and odors are controlled. Also, anaerobiestiign facilities process a
wider range of organics than aerobic composting facilitres can therefore lead to a
higher landfill diversion rate than composting.

Given the size of the organic waste stream (partigulaod and yard waste),
anaerobic digestion may have considerable near- to madiumpotential for
producing biogas for fuel or electricity generation in MAe degree to which AD
makes sense will depend largely on the economics offaadtties, including the
energy they produce, versus directly composting such iaateaerobic composting
facilities. The higher capital and operating costsnaeaobic digestion facilities
compared to traditional aerobic composting, means thagekan the regulatory
framework, incentives, or both would likely be needed taefoiss broad adoption in
Massachusetts.

The alternative thermal technologies are not as matuAD. Given that our LCA
results demonstrate that recycling/composting is prefetaldéner waste
management approaches including gasification/pyrolyseslieeature review and
MEBCalc model outputs), consideration of these faedishould be primarily for
mixed MSW after diversion. Except for a small number atemals that are
relatively easy to source-separate but lack ready nsaf&atpet, for example),
source-separated streams should generally be recyotednposted rather than
thermally processed.

There is not a consensus as to the readiness ofatlte thermal facilities for
commercial processing of mixed MSW in the U.S. Any suclhiiti@s would require
inclusion of significant pre-processing, not only to sizduce the material, but also
to remove metals, glass, and other materials thatremeitable for thermal

Materials Management Options for MA Solid Waste Master Plan Review Final Report
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processing. The most valuable (high BTU) materialsareimg in the post-diversion
waste stream will be non-recyclable paper (e.g., coatedntaminated), low-value
plastics, as well as the relatively small quantiGésemaining paper, corrugated and
wood that for some reason are difficult to separateec

Because it releases bound carbon in materials suchsi&€g) thermal conversion of
certain materials to fuels or energy is problemabeifia climate change perspective
even at the potentially high energy recovery levelsdvlanced conversion
technologies.

Similar to the situation for WTE incinerators, the taliequirements for building
alternative technology facilities and their likely dder long-term contracts to ensure
an adequate feedstock waste stream may limit the fuaxieifity of the state’s
overall materials management efforts. That is, lockindpe use of waste for energy
production may forestall potential additional recyclingcomposting in the future,
something the MA Solid Waste Master Plan has heretadgplicitly avoided.

Materials Management Options for MA Solid Waste Master Plan Review Final Report
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l. Project Background & Context

In the context of mounting environmental challengesmatke change, natural resource
depletion, and volatile commodity and energy prices —IMZP is currently reviewing
the Solid Waste Master Plan: 2006 Revisitile key document summarizing the
Commonwealth’s waste reduction and management strateyrefport provides the
Department with background information that will inforne thevelopment of a new
Master Plan, one that lays the groundwork for shifting tmaterials management”
framework. Such a framework recognizes the importantdetkveen society’s demands
for goods and services (i.e. our consumption patterns) astewgeneration, and places
greater emphasis on reducing waste during the production prbt@sover, it
encompasses a deeper level of waste reduction effostgth reuse, recycling, and
recovery. The new Plan will promote a materials gan@ent approach, both as an
environmental protection strategy as well as an econplaicand vision.

In the MA Solid Waste Master Plan: 2006 Revisi@EP maintained the overall waste
reduction goal of 70% by 2010 that it established in the e&@#igond 2000 PlarSince
DEP defines waste reduction to include both source redumtidmecycling, this implies
a recycling goal of 56 percent. Though significant increastmnage diverted from
disposal were achieved between 2000 and 2004 (from 6.50 to 7.5 rtolhis), this was
almost totally offset by continued increases in wastemgion over this period (from
12.96 to 13.93 million tons). Thus, the actual recycling rat8@ercent in 2004
remained 8 percent below the 2010 recycling goal.

The 2006 Revisioracknowledged ongoing resource constraints facing the agesagll
as opportunities created by strong recycling markets, antifiddra number of

innovative waste reduction strategies that build onmtesieccesses. These included:
expanding and targeting compliance and waste ban enforcdméding partnerships
with businesses and municipalities to reduce waste &adhlge additional resources; and
enabling businesses and municipalities to take advantag®wd secycling markets by
providing technical assistance on a range of waste redunti@tives.

Based on Tellus Institute’s February 2003 repdidste Reduction Program Assessment
and Analysis for Massachusettse2006 Revisiorlso identified target waste streams
with the greatest additional diversion potential, includownmercial organics
(especially food waste), paper and cardboard; residemgjahics and paper; and wood,
asphalt shingles, and gypsum in the C&D waste stream.

Finally, the2006 Revisiommaintained the goal to “substantially reduce the use and
toxicity of hazardous products” from tlBzyond 2000 Plaas a long-term goal, and
identified a specific priority of reducing mercury-containprgducts. It is within this
context that the current project, Materials Manager@gtions for Massachusetts Solid
Waste Master Plan Review, has taken place.

Materials Management Options for MA Solid Waste Master Plan Review Final Report
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A.  An Emerging New Framework

The past few years have seen climate change comeszns the top of the world’s
policy agenda. In addition, since 2003 world oil prices haesriom less than $30 a
barrel to well over $100 in mid-2008, and the term “peak o’ Il@come part of the
common lexicon. These two “crises” — volatile engpgges and climate change
concerns — can be seen as indicators that the worlentesed a new and dynamic
phase. While much uncertainty remains as to the ultimate ntadeiand impacts of
these crises, it is clear that there is no singg@rnology or policy solution. To
successfully meet these challenges governments aval$) the business community,
and society generally need to respond in ways that dicaimatreduce fossil fuel use and
greenhouse gas emissions, while maintaining resiliencéeadiolility.

There is wide agreement that a key part of the solugitime development of alternative
energy sources, including biomass. As such, there isasioge pressure to look to the
municipal solid waste stream as a potential source erhaltive energy. At the same
time, it is important to note that the energy and diemaises, combined with
environmental considerations, will likely alter solid weageneration and management
practices over the coming decades and may greatly limgdtential for a range of
energy from waste technologies. For example, theelsigBTU materials in MSW (e.g.,
plastics and rubber) are high in fossil fuel contenthab combusting these items
actually releases greenhouse gases that are storedamthterials.

In general, we expect that over the long term the rabwaste stream in Massachusetts
will become smaller and have a different composipicofile. For example, in coming
decades as society reacts to the climate and energy tnes waste stream may contain
smaller quantities of carbon-based materials with haghbustion energy potential.
While the magnitude and timing of such changes are uncettiayhave important
implications for the mix of management approaches afthtdogies that will comprise
the Commonwealth’s future solid waste management system.

In undertaking this Master Plan Review, MA DEP recognizese of these
developments, and calls for a shifting of emphasis fravaste management to a
materials management approach, with greater emphasisstream waste reduction.
DEP’s integrated approach combines economic, waste reduatid environmental
considerations, and should contribute to the Commoniweaitistainability.

In addition to the significant impact of the curremiincial crisis and economic
downturn, the key long-term developments that are like@lyrive changes in production
processes as well as waste generation and managemadeincl

! Since this report was drafted a third crisis has emetigedhear collapse of the global financial system
and a deepening recession, particularly in the U.S.
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- Climate Change

- Energy Crisis

- Natural Resource Depletion and Ecosystem Services Deiprada
- Rise of Commaodity Prices

Climate Change

As Massachusetts and the U.S. move from rhetorictahewneed for climate change
mitigation to implementation actions, the Commonwealti’ste reduction efforts
should be fully cognizant of, and integrated with GHG ré&duadnitiatives. By

definition, this will support an enhanced focus on upstreathoads of reducing waste
and its associated environmental impacts. As carborsemssare regulated to reduce
the climate impacts associated with our production anduoption system, it is
reasonable to anticipate efforts by industry to shift fpmtroleum-based products to bio-
based products, where possible, as well as to alter thpasition and reduce the amount
of packaging waste associated with product manufacturingarslimption. Plastics

may offer an important example of this shift, as theeafsbio-based plastics such as PLA
(polylactic acid), which are compostable, has grown tgpidrecent years. While there
remains considerable debate as to the degree to whichil_Bi@based plastics are
environmentally preferable, it is clear that environmeatal economic forces will exert
increasing pressure for alternatives to petrochemicaebplastics, given their large
GHG footprint. Similarly, as a result of efforts tommize energy use and GHG
emissions, there will be substantial efforts to reculastic and paper packaging waste,
including through light-weighting, and enhance its recyclabihatever their feedstock
makeup. Inthe case of petroleum/natural gas-based pldkgcdesire to eliminate land
and marine debris and their associated impacts on f@ildlil also support the
movement to alternatives to petrochemical-based paakaggterials.

Energy Crisis

Over the past five years, the price of oil rose foud-fo well over $100 per barrel in
mid-2008, only to fall back to about $60 per barrel recentlgil&\ive may have retreated
from a triple-digit price for oil, most energy exmedgree that the era of cheap oil is
behind us. The relative importance of various factors -tthiag of “peak oil,” the
decline in the value of the dollar, competition from Crama other rapidly growing
economies, speculation by multinational oil companiesdebatable, but the basic fact
remains that oil will continue to become both mor&se and more expensive. The
rising cost of energy, combined with the likely regulataf carbon emissions due to
climate concerns (see above), will provide strong itieces for reducing the embedded
energy in our products and services, and for capturing agdireggreusing those
products with high energy content. This in turn has ingeanmplications for material
and process choices in product manufacturing. A receattrep Progressive Investor
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concluded that: “The higher energy costs go, the mareaguically valuable are
recycled materials®”

Natural Resource Depletion and Ecosystems Degradati  on

As the economies of China, India, and other countapglly expand and a consumer
culture emulating that of the U.S. is increasingly eanbd globally, the demand and
competition for natural resources has intensified. While is certainly the case for
energy resources, as mentioned above, it also applaebost of metals, other raw
materials such as timber, and the environmental cleansthfipad production services
provided by the planet’s ecosystems. A rapid upswing in deahima and India for
copper and agricultural output from African countries [gime example of this
phenomenon. In addition, soil quality for food productiemiany parts of the U.S. and
the world has been significantly degradeahd farmers are increasingly dependent on
petrochemical inputs to maintain productivity levélsVhile the historic practice of
small-scale ecological farming in which organic wastesawised to replenish soil health
has largely been replaced in the U.S. by large-scaletmalwsyriculture, soil

reclamation may offer an important opportunity for protkety using composted
organic wastes. In addition, the competition for resesifor product manufacturing and
the huge impact of resource exploration and extractiomabural ecosystems will both
provide further push to replace virgin raw resources withaledymaterials in
manufacturing products.

Rising Commodity Prices

Closely linked to the pressure on natural resources gyoibelte has been a surge in
global commaodity prices in recent years, though thesotireconomic crisis has
temporarily reversed this trend. While these increasesomewhat linked to the decline
in the dollar and other macro economic forces, thenlyidg growth in demand,
particularly from large expanding economies such as Cimdaralia, combined with
increasing scarcity of certain resources, are the damfaetors. With higher

commodity and energy prices, the value of most redyotaterials — whether paper,
plastics, metals — have generally tracked this trend aneased significantly. For
energy-intensive recyclables, including plastics and metatamodity price increases
have been especially dramatic.

2 Progressive Investor, “Investing in Recycling,” Af008, as cited at:
http://www.sustainablebusiness.com/index.cfm/gomeigplay/id/15705

% See, for example, Sara J. Scherr, International FolidyfResearch Institute, “Soil Degradation: A
Threat to Developing-Country Food Security by 2020?” (Febri@®p). Scherr (p. 17) cites the Global
Assessment of Soil Degradation (GLASOD), which reptids 23% (almost 2 billion hectares) of globally
used land was degraded between 1945 and 1990.

* The importance of this issue is already recognized irhmtiEurope, but not widely in the U.S.
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Figure I-1, below portrays the weighted average markes flacge quantities packed for
shipment to end-use manufacturers, F.O.B. processingyafor a basket of materials
collected by curbside programs in Washington State’s Puget $egioa®> These
materials include: mixed paper, newspaper, cardboard, glassn=ys, aluminum cans,
tin-plated steel cans, PET bottles, and HDPE bottldsleVgimilar trends have occurred
on the East Coast, unfortunately comparable histori¢alfda Massachusetts or the
Northeast are not readily available.

Figure I-1: Value of Curbside Recycled Materials, PacifidNorthwest

Average Value for Curbside Recycled Materials
Pacific Northwest, 1985-2007

$180.00
$160.00
$140.00
$120.00
$lton$100'00

$80.00

$60.00

$40.00

$20.00

$0.00
85 86 87 88 89 90 91 92 93 94 95 96 97 98 99 00 01 02 03 04 05 06 07 08

B. Implications for Solid Waste Management

Notwithstanding the current economic crisis, thesedgeanme likely to continue (and
possibly strengthen) over the long term. In combinaiiodecades ahead these factors
may fundamentally alter manufacturing practices andwopson patterns as well as
solid waste generation and management practices. Swtysts have opined that
escalating energy prices, commodity price inflation scatcity, and global
environmental concerns such as climate change have ceegiedect storm” for the
recycling industry. While there is considerable uncetyabout the future trajectory of
global climate change, energy and commodity pricas,adher factors, historical trends

® Jeffrey Morris, Sound Resource Management, “Notes @decycling Markets,” accessed at
http://www.zerowaste.com/RecyclingMarkets.htiane 2008.
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may no longer be a useful guide to MA DEP solid waste gemant policy. The
Commonwealth’s residuals waste management stream in 2@20may very well be
smaller than it is today, and it may have a lower @yernergy content per ton.

Whether the deep societal changes in production and consamptterns that are
required to address the above challenges will be undertateif, s, the timing of such
changes, is also uncertain. There will likely hgeaiod of transition in which markets
adjust, investments are reoriented, and infrastrucsureconfigured. It is reasonable to
expect that the tradeoffs between material recovedyearrgy generation may differ by
material or product type and may remain unresolved orgehawver time. It is in this
context that DEP should consider future waste managemoéay, including the
potential impacts and the viability of alternative tecbgas such as pyrolysis,
gasification, and anaerobic digestion.

There are several policy implications for managirgftiiure waste stream in
Massachusetts. While most of these are not newritienestances described above —
carbon constraints in combination with volatile enemgg commodity prices — combined
with the continuation of relatively high waste dispasasts in the Northeast, create
strong incentives for achieving much higher levels of wesdlaction and diversion.

Furthermore, these changing circumstances suggest graftiaste management strategy
that is quite flexible, being cautious about large facitityestments that could portend
substantial future stranded costs, and embracing the viéwdisées are mostly material
resources that need to be returned to the manufactustensyr the farm and soil where
they were produced.

C. Report Structure

Following this section on the Background and Context foptbgect, Section 2 presents
the results of our literature review, focusing on lifele assessments of the costs and
benefits of the various waste management processesamiogies — source reduction,
recycling, composting, incineration and landfilling, watispecial focus on the emerging
technologies of pyrolysis, gasification and anaerdmestion. Section 3 reports on the
results of applying the Morris Environmental Benefits Glltor (MEBCalc) model to
the Massachusetts solid waste stream to assestethgdle environmental and energy
implications for three alternative waste managemseeharios, including one that
incorporates the new thermal technologies considerdusimegport. Section 4 reviews
the experience of successful waste reduction and materemagement efforts from
throughout the U.S. and internationally and identifiesst practices” for consideration in
Massachusetts.

Finally, Appendix 1 provides a detailed review of the wastieiction practices in other
jurisdictions that were summarized in Section 4. Appefds the documentation for the
Morris Environmental Benefits Calculator model, and AppeBdprovides the detailed
modeling results. A list of references is included as Appehd
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Il. Literature Review

A. Life Cycle Assessments of Alternative Waste Mana  gement
Approaches

Overview and Context

In the context of the confluence of emerging issues thestabove — climate change, the
energy crisis, natural resource depletion, and risingmumahity prices — jurisdictions
throughout the U.S. and abroad are reexamining their gpiitwmanaging their solid
waste. Solid waste planners and managers, as well asx\gwm @ policymakers, are
increasingly concerned with the long-term costs anefiisrof various waste
management systems, including environmental impacts agsve#it energy impacts. In
this light, life-cycle assessment has emerged as aokéfor allowing analysts to
compare different approaches and technologies in aridicomprehensive way.

Life-cycle assessment is the comprehensive examimatia product’s or system’s
environmental and economic aspects and potential impaotgytiout its lifetime,
including raw material extraction, transportation, manturing, use and ultimate
disposition or reuse. The International Standards Orgaoiy, through ISO 14040, has
defined life cycle assessment as the “compilation &atlation of the inputs, outputs
and the potential environmental impacts of a product systesaghout its life cycle.”

In the current literature review for MA DEP, the lijete impacts of the following waste
management approaches were included:

1) recycling, and composting;

2) disposal in municipal waste combustors and landfills; and

3) alternative technologies: gasification, pyrolysis, anaesobic digestiof.
More than two dozen reports on LCA studies were revdewa identifying key LCAs,
the project team built on the previous efforts of DEf.s There is a particularly rich
LCA literature on and a better understanding of thechfele impacts of recycling,

landfills and municipal waste combustors; while lifeeyahalyses for the alternative
technologies are not as abundant.

® The scope of this review and the selection of thesenologies were identified by MA DEP. Other
technologies, such as MSW co-composting, are beyonditireew of the current report.
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In this section we briefly summarize the LCA litena on conventional solid waste
management technologies. In the following section,aged particular attention on the
best current understanding of the feasibility of gaaifom, pyrolysis, and anaerobic
digestion technologies and summarize key technical, envental) and economic
issues.

The literature review prioritized studies and reports élsabunt for full lifecycle impacts
of the alternative materials management approachesp&eyneters considered include:

greenhouse gas emissions;

air and water pollution, toxic chemicals, and natursbuece depletion;
energy use;

job creation and economic development; and

cost savings for waste generators.

Most studies did not include comprehensive life-cycleyaea, either in terms of
covering the full life cycle or in terms of all dfé identified impacts. For example, few
studies analyzed the job and economic development impgitte systems assessed.
Note that an important consideration in reviewing thexditure, particularly for the
alternative technologies covered in the next secigonwhether the technology manages
mixed MSW, or only certain materials.

The literature reveals that LCA studies on complex pradactl waste management
systems often use different assumptions and diffexstem boundaries, which leads to
results that are difficult to compare and sometimesradictory. Of particular value
were the meta-analyses that documented and summéareeesults of numerous LCA
studies. The systematic review these reports undertoolctisah that eliminated those
LCA studies with less robust methodologies and assungtio

Two excellent examples arénvironmental Benefits of Recycling: An International
Review of Life Cycle Comparisons for Key Materials in the &t§eling sectqrby the
Waste & Resources Action Programme (WRAP, May 2006 )Paekr and cardboard —
recovery or disposal? Review of life-cycle assessment and co$it-beaéysis on the
recovery and disposal of paper and cardbqdtdropean Environment Agency (2005).
According to the WRAP report, it “is the largest andstrmmprehensive review of LCA
work on key materials that are often collected fayoéing — paper/cardboard, plastics,
aluminum, steel, glass, wood and aggregates.” It screenedas hundred studies and
identified 55 “state-of-the-art” LCAs for detailed review.
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Summary Findings

Key findings from the literature on conventional salidste management approaches —
recycling/ composting, landfills, and waste-to-energynaators — are presented below.
Many of these are drawn from the meta-analyses mediabove that summarized the
findings from multiple LCAs.

Recycling offers lower environmental impacts and more enuiiental benefits
than landfilling or incineration.

Recycling saves energy, reduces raw material extracmhhas beneficial

climate impacts by reducing G@nd other greenhouse gas emissions. Per ton of
waste, the energy saved by recycling exceeds that ci@ateddfill gases or the
energy harnessed from thermal conversion technologies.

For paper and cardboard, recycling is environmentally pretetaldandfilling
across virtually all environmental parameters — fosslldnd overall energy
consumption, global warming, acidification, eutrophicatimxicity, and others.
The relative benefits of recycling paper and cardboarteasepronounced, but
still clear, in comparison to incineratién.

For glass, closed loop recycling has lower environmemig&cts than landfilling
or incineration. A small number of studies that assupwor recycling rates from
low-density areas and/or very long transport distanakgati share this finding.
The outcome of the LCAs for glass were driven by tpe tyf energy used to
produce primary glass and the type of energy used to a@nué secondary glass
from recycled cullet.

For plastics, while there are many differences in $epfrassumptions and system
boundary definitions that effect the outcome of tltbvidlual LCAs (e.g., the
weight ratio that recovered material substitutevi@in material; whether
washing/cleaning the recovered plastic was necessaryglinecwas generally
found to be environmentally preferable to landfilling amzineration for all
environmental impact categories, generally performing abot better.

For aluminum as well recycling was found to preferablanalfilling and
incineration across all environmental impact categoleterms of greenhouse

" One review of LCAsEnvironmental benefits of recycling: An international reviewheflife cycle
comparisons for key materials in the UK recycling sebtothe Waste & Resources Action Programme
(WRAP), reported a minority of studies that found papensréition preferable to paper recycling in terms
of the consumption of fossil fuels and global warming inpathe WRAP study identified differences in
several specific assumptions (e.g., the marginal et@gtassumed for virgin production) that had a direct
impact on the relative environmental benefits of/ckng versus incinerating paper and cardboard.
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gases, recycling is reported to save between 5 and 10 t@@-@quivalents per
ton of aluminum.

As for aluminum, recycling was also found to have loa@rironmental impacts
for steel, with energy consumption being a primary factne key issue
affecting the results of the LCAs for steel and ahum is the assumed
effectiveness of steel reclamation and recycling fieemeration slag.

For wood waste, few LCAs reported on wood recycling. Th&4 €omparing
landfilling and incineration for wood found incinerationt® environmentally
preferable, driven by the reduction in fossil fuel use gdgsociated pollutants
including eCQ.

B. Alternative Solid Waste Management Technologies:
Pyrolysis, Gasification, and Anaerobic Digestion

Overview and Context

Population growth, industrial and residential consumptidtepss, rising energy costs,
and the growing cost of traditional solid waste processiaethods are among the drivers
for alternative approaches to managing municipal solsteveMSW) in the United
States. In general, alternative MSW processing teolgred seek to minimize
environmental impacts and divert MSW from landfills girige that is competitive with
other MSW management options. With higher fossil fuees worldwide, management
technologies that recover energy from MSW are w@ogiincreasing attention. A
growing number of potentially viable and commercially mag@etlternative MSW
technologies exist at varying stages of implementatioridwide. Each technology
brings its own set of environmental, economic, and teehaivantages and
disadvantages, which are summarized below. This sextit® report summarizes key
findings from a review and comparison of relevantditere on emerging alternative
technologies for management of MSW.

The literature review draws upon sources of informatiomflocal and national
governments currently using alternative MSW technologiésfliom communities which
are considering implementing new technologies. Recenthished materials, including
reports and websites, from environmental agencies, nhongovetalroeganizations, and
private consulting firms were reviewed. In total, 33 corapeae study documents and 31
technical studies were covered in this analysis.

In reviewing alternative waste management technologiesinmportant to consider their
appropriate role within a waste management hierarchyselteehnologies are generally
more appropriate after recycling and composting prograrakesatives to landfilling
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or “traditional” incineration, rather than as approadoediandling the full MSW stream.
The results of the literature review underscore ttadtevreduction and recycling impose
fewer environmental burdens and consume less energy themsotial waste
management practices.

Many of the comparative studies make similar points ceggrthe dual benefits of
recycling. Essentially, recycling saves energy thatldvotherwise be needed to extract
raw materials, process them, and produce new goods. Fuotteetiime literature shows
that the energy saved by waste reduction and recycling@se¢ke energy that could be
created at a waste-to-energy MSW processing facilgn evhen factoring in the energy
needed to collect and process recycled materials. Dtbm“Reduce, Reuse, Recycle”
approach—the three R's—provides the most environmentalitenedes the least
amount of energy, has the greatest potential to diventiost waste from landfills, and
poses the fewest concerns regarding environmental and health impacts.

Though high diversion rates are possible utilizing the entwnal solid waste hierarchy,
diverting all material discards at the present tinoeill be cost-prohibitive, especially
given the mixed material composition of some currergadds. Accordingly, the
literature review considered lifecycle and technical &ssests of various alternative
MSW technologies that could be used to handle the remaaastg, rather than sending
it to landfills or the types of thermal technolog@srently in commercial operation in
the US

Alternative Technology Overview

Alternative MSW management options are typically tdex as eithethermal or
biological/chemicaltechnologies. Figure II-1 categorizes various MSW managem
technologies into these two groups and shows the majputswf each method.

Thermal technologiestypically operate at temperatures between 700 and 10,000
degrees Fahrenheit and can reduce solid waste by up to 80-%3%rajinal
volume® Thermal conversion is a process that converts ceshsed MSW into

a synthetic gas that can be used to produce electricityrobe used as fuel.
Thermal conversion methods include incineration, asasgtiyrolysis, and
gasification. Some thermal conversion technologieg require intensive pre-
processing to remove non-combustibles and/or to reduceiahaligersity in the
incoming discards stream.

8 URS Corporation, Evaluation of Alternative Solid WaBtecessing Technologies, conducted for the City
of Los Angeles (September 2005), E-S 1.

? Synthetic gas contains about one-fourth the BTU valunatural gas.
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Biological/chemical technologie®perate at lower temperatures and have slower
reaction rates. The feedstocks must be biodegradahlejess the material is
source separated, these methods may require intensipeguessing.
Biological/chemical technologies can also produce eddtgtrfuels, and high-

grade compost. Methods include composting, anaerobic digeand capture of
landfill gases.

Figure II-1. Alternative MSW Management Options and Their Ouputs

Management
Options

Major Outputs

While the previous section of this report focuses on dmtional management
approaches of recycling/composting, landfilling, and incin@nathis review focuses on
those alternative technologies that have a trackdemiocommercial operation and could
feasibly be “scaled-up” in the near term. Accordingho thermal technologies
pyrolysis andgasification — andone biological/chemical technologyanaerobic
digestion —were the focus of the literature review. These &dtiva technologies have a
more substantial operational track record, particulariurope and Japan, than other
emerging technologies.

Conventional thermal treatment of MSW, typically redel to asncineration, involves

the combustion of MSW in an environment with a sufficiguantity of oxygen available
to oxidize the feedstock fully. Incineration plant darstion temperatures are typically

in excess of 1500 degrees Fahrenheit. As explained fuetlew lpyrolysis is the

thermal degradation of MSW and, in contrast to incineratiequires the total absence of
oxygen. The pyrolysis process requires an externaldoeste to maintain temperatures
between 650 and 1500 degrees Fahrenl@ssification can be seen as a treatment in
between pyrolysis and incineration, in that it involtles partial oxidation of a substance.
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Oxygen is added, but the amounts are not sufficient to aleviuel to be completely
oxidized or full combustion to occtit.

Summary Findings

Pyrolysis andgasification are potentially viable thermal conversion technologies,
though gasification has a stronger track record of feslivith the ability to
process MSW. Pyrolysis and gasification both remapeufected for processing
high volumes of MSW to produce energy at the curreme ti

Gasification and pyrolysis facilities have more comiydoeen used for
processing uniform feedstocks such as coal, wood, and viegdi®mmass.

No commercial gasification or pyrolysis facilitiegaurrently processing MSW
in the United States. Several jurisdictions around tlmtry are researching
conversion technologies or considering proposals to devadlities. Other
countries, most notably Japan and several European ndtavgsmore
commercial experience with these technologies.

Like incineration, pyrolysis and gasification can effeely reduce the volume of
MSW. However, the energy recovery step, which isygsianed by technology
suppliers, has yet to perform consistently when proog9SW at a commercial
scale.

Pyrolysis and gasification may undermine recycling progrars the need of the
plants for a steady waste stream with high fuel valag compete with recycling.
Additionally, these facilities are highly capital-inve and thus require long-
term investments (and often contracts), which may lilexibility to adopt
alternative waste management options or minimizaicategies in the future.

Gasification and pyrolysis have net electric outpulmdut 660 kWh/ton
processible MSW" If all of the 3.5 million tons of MSW currently lafided or
exported was processed by these alternative technqldgiesuld produce about
2.3 million MWh of electricity, or about 4% of theagt’s 2005 electricity
consumption.

1% Department for the Environment, Food, and Rural Affalkdvanced Thermal Treatment of Municipal
Solid Waste (2007)http://www.defra.gov.uk/environment/waste/wip/newtech/ptfief

' Energy output per ton varies with waste feedstock compositidrthe particular technology. As detailed
below, the literature reports wide ranges for the engotgntial of thee facilities, based primarily on
vendor claims as opposed to actual performance of coraifyeaperating facilities. The 660 kWh per ton
figure represents the high end of this range.
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Anaerobic digestionreceived generally positive reviews. It is largely cotippa
with recycling programs because the technology requiresqtig and
separation of recyclable materials, and no signifibamtan health or
environmental impacts have been cited in the literatitereover, since
anaerobic digestion is more similar to composting thgh-temperate
combustion, its risks are expected to be akin to comqgpsitihich is considered
low-risk.

Anaerobic digestion facilities produce less than hafehergy (per ton of
feedstock) of gasification or pyrolysis facilities, ab860 kWh/ton.

In Europe, about 90 anaerobic digestion plants are plingddSW, and the
technology has been introduced in the United Statesamy ohairy farms to
process agricultural waste and generate electricitiafons.

The remainder of this summary document provides a basiataeaf of each technology
of interest, presents information on operations abéshed facilities, and summarizes

significant technical, environmental and economic issussceéged with each process.

A comparison table is included at the end, as are twoaepaatrices summarizing the
literature review.

Technology Definitions and Existing Operations

Pyrolysis
Commercially Operating Facility in the United States No

Large Facility Example: Hamm-Uentrop, Germany; facility can process 175 TPD of
MSW"

Net Energy Generated 400 to 700 kwWh per ton of waste processed depending on
feedstock compositioft. Average heating value of feedstock is 3,660 Btu/pdfind.

Pyrolysis is the decomposition or transformation obenpound caused by heat.
Pyrolysis typically occurs at temperatures in the rarfg#b0 to 1,500 degrees

12 R.W. Beck,Comparative Evaluation of Waste Export and Conversion TechnologiessalOptions
Draft Report (May 2007), Section 3-18.

13 bid.

14 City of Los Angeles, Bureau of Sanitatidfechnical Study Documents from URS: Gasification.
http://www.lacity-alternativetechnology.org/PDF/Gasdfiion Facility. pdf
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Fahrenheit. Most pyrolysis systems use a drum, kiln-shsfpacture, or a pyrolysis
tube, which is externally heated, either using recyclegay or another fuel or heat
source. Organic materials are essentially “cookedhinven with no air or oxygen
present; no burning takes place. Temperature is the matrotover the products
created during the pyrolytic reaction. Higher tempees produce mainly gaseous
byproducts, and lower temperatures produce more liquid pysalyisi In addition to
energy production, ferrous metals contained in the sediiue (i.e. char) can be
captured for reuse.

Pyrolysis reactions are endothermic, so they reguxiternally supplied heat. Syngas
produced by pyrolysis can be used as a source of exteragltherefore if the feedstock
has a large heating value, the pyrolytic process besomee self-sufficient and will use
a smaller amount of fossil fuels. Theoreticallye tlolume of MSW feedstock entering
the pyrolysis reactor can be reduced by as much as %ibfigure can change if the
pyrolysis facility is not operating under optimal cdiwhs, which appears to be common
based on real-world experience. MSW feedstock tylgicaguires shredding to a 12-
inch maximum size prior to feeding the pyrolysis reactansl some pyrolysis facilities
require even more of a size reduction.

15 R.W. Beck,Comparative Evaluation of Waste Export and Conversion TechnologiessalOptions
Draft Report (May 2007), Section 3-5.
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Gasification
Commercially Operating Facility in the United States No
Large Facility Example: Tokyo, Japan; facility can process 180 TPD of MSW

Net Energy Generated <400 to 500 kWh per ton MSW (one-stage, fluid bed
technologies); 700 to <900 kWh per ton two-stage/gasificatyoalysis, fixed bed
facilities. Average heating value of feedstock is 3,870 Bt/

Gasification involves the thermal conversion of orgaaidbon-based materials in the
presence of internally produced heat, typically at tentpesa of 1,400 to 2,500 degrees
Fahrenheit, and in a limited supply of oxygen. Gasificatf carbon-based materials
generates synthetic gases (“syngas”), composed priméhlydoogen and carbon
monoxide. Syngas contains about one-fourth the BTU \aflnatural gas on a per cubic
foot basis. Inorganic materials are converted to relibéom ash (low-temperature
gasification) or to a solid, vitreous (glass-like) slamli-temperature gasification). After
cooling and cleaning, syngas can produce methanol, ethanaltteerdiquid fuels,

which can be used in boilers or internal combustionn&sgto generate electricity,
though the cooling and cleaning process reduces its energy value

Bottom ash is frequently landfilled, but it can be usedctmstruction purposes and as an
amendment in bricks or paving stones. Bottom ash neusthted before it is landfilled
or used because fresh bottom ash is not a chemicattymagerial. Treatment of bottom
ash includes aging (typically for 6-20 weeks), metals s¢joa; and size reduction.
Slag can be used to make roofing tiles or can be used adt difipha If the gasification
system uses oxygen injections, which result in extreimgly temperatures, then metals
can be recovered in ingot form. Like pyrolysis, gaaifion technologies require pre-
processing to reduce the size of MSW feedstock, géynéoad size between 2 and 12
inches. The MSW volume reduction rate of gasificateinology can be between 80-
90% depending on which specific processing method is useddqieegstage fluid bed or
two-stage fixed bed technologh).

16 City of Los Angeles, Bureau of Sanitatidiechnical Study Documents from URS: Pyrolysis (Belgium)
http://www.lacity-alternativetechnology.org/PDF/PyraisFacility. pdf, accessed May-June 2008.

" European Commission, Integrated Pollution Prevention &t©h Reference Document on the Best
Available Techniques for Waste Incineration — Executive Suyn(2a06), 403-405.

18 R.W. Beck,Comparative Evaluation of Waste Export and Conversion TechnologiessalOptions
Draft Report (May 2007), Section 3-7.
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Anaerobic Digestion

Commercially Operating Facility in the United States Not for MSW. U.S. facilities
process only agricultural feedstocks, and the energy produgederally used on farms.

Large Facility Example: Barcelona, Spain; facility can process 1,000 TPD of MSW

Net Energy Generated Biogas yield averages 4,300 standard cubic feet (scf) or 250
kWh per ton of feedstock

In anaerobic digestion (AD), biodegradable materials angerted through a series of
biological and chemical reactions into methane and cadimxide (CQ). (Unlike
traditional composting, AD takes place in an oxygen-&i@aronment.) A first type of
bacteria breaks down large organic molecules into smad like sugar; this step is
referred to as hydrolysis. Another type of bacteria tenverts the resulting smaller
molecules into volatile fatty acids, mainly acetéig, also hydrogen and GQhis
process is called acidification. The last type aftbaa produces biogas (methane and
CQO,) from the acetate, hydrogen, and carbon dioxide. Thgabiproduced can be used
on-site to generate electricity and heat using a gemerdta nearby industrial user
exists, the biogas can be conveyed over short distamcesdh uses as boiler fuel. The
biogas can also be purified extensively to pipeline qualitymassurized for use, for
example, as compressed natural gas, a safe and cleale yebi. The solids remaining
following the digestion process can be used as compost.

Technical, Environmental, and Economic Factors

Pyrolysis

Technical

Pyrolysis is an appealing technology because, if atfaloperating optimally,
it can reduce the volume of MSW by as much as 90%. Thihighesult is
technically achievable, commercial plants have noh ladxe to sustain this
reduction level in practice. For example, a pyrolysasit outside of Burgau,
Germany, which processes approximately 38,000 TPY of MSWhrigdeen
able to achieve a 70% reduction level. About 600 pounds ofrmagrial (char)

19 City of Los Angeles, Bureau of Sanitatidfechnical Study Documents: Anaerobic Digestion (Spain),
http://www.lacity-alternativetechnology.org/PDF/AnaerobicDigaskacility Spain.pdf, accessed May-
June 2008.

20 URS CorporationEvaluation of Alternative Solid Waste Processing Technologieslucted for the
City of Los Angeles (September 2005), Section 2-10.
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are produced for every ton of MSW the plant received,this material must be
landfilled **

Pyrolysis has not been perfected, particularly for hagdMSW. Only a handful
of operating facilities (about 10) worldwide are commelgiatocessing MSW?
Though the chemical process of pyrolysis has been uggddess coal since the
early 20" century, it has only recently been applied to MEW.

Brightstar Environmental constructed a 30,000 TPY pyrolggigity in New
South Wales, Australia. The plant ran for four gaara test phase, and in 2004
was closed due to technical problems with the solid residogonent of the
process and because the facility repeatedly exceedatldivable limit for
emissions. This shutdown represented a $134 million dodgetcompany?

Pre-processing of feedstock materials is required forysiso(and gasification)
both to remove materials that cannot be broken downdsetprocesses, and to
size-reduce materials for the handling/feed systems.

Environmental

Pyrolysis produces low levels of air emissions contaipengiculate matter,
volatile organic compounds, heavy metals, dioxins, sulfur depydrochloric
acid, mercury, and furans. (The types of emissions prodaeesimilar to those
from conventional incinerators.) However, the Califarimtegrated Waste
Management Board (CIWMBYonversion Technology Report to the Legislature
in March 2005 found that the current pyrolysis plants iroRerare capable of
meeting the strict air emission standards that a pidms Angeles would be
required to meet In light of their contributions to climate changartwon

dioxide emissions are also of concern.

Unlike traditional incineration or “waste-to-energy” comstion, pyrolysis occurs
in a “reduced” environment with a limited amount of aioaygen. This

2L City of Los Angeles, Bureau of Sanitatidrechnical Study Documents from URS: Pyrolysis (Belgium)
http://www.lacity-alternativetechnology.org/PDF/PyraisFacility. pdf, accessed May-June 2008.

22 Dvirka and Bartilucci Consulting Engineers, Waste @osion Technologies: Emergence of a New
Option or the Same Old Story? May 9, 2007.

% R.W. Beck,Comparative Evaluation of Waste Export and Conversion TechnologiesdalOptions
Draft Report (May 2007), Section 3-5.

24 R.W. Beck,Comparative Evaluation of Waste Export and Conversion TechnologiesdalOptions
Draft Report (May 2007), Section 3-5.

% california Integrated Waste Management Bo@naft Conversion Technologies Report to the
Legislature(2005), http://www.ciwmb.ca.gov/organics/Conversion/Es&T Workshop/DraftReport.pdf,
accessed May-June 2008.
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distinction is intended to minimize the formationumiwanted organic
compounds. However, environmental and citizens groups ogpppogecineration
typically extend their health and environmental concesryrolysis as weff®

Pre-processing systems, such as recycling programs, proeidg@portunity to
remove chlorine-containing plastics, which could otherw@#ribute to the
formation of organic compounds, such as dioxins.

Economic

Because of the small number of facilities operatingp WMSW worldwide, data
on capital, operating, and maintenance costs are langalailable.

Pyrolysis systems are managed in a control room anbeaperated by a
relatively small number of staff. The significant qm@cessing required for
pyrolysis (and gasification) involves shredding the MSWiddo a specified
maximum size prior to going into the feeder chute.htndase studies reviewed,
that processing is done in very large (>30 ton/hour) mecabsiredders and
does not involve significant manual labor. Thus, jolaoa potential as a result
of the processing step is expected to be relatively*fow.

Gasification

Technical

Gasification, like pyrolysis, can reduce the volum&i&Ww by 80-90%, if a
facility is at optimal operational conditioA$though this can vary between plants.

Approximately 90 gasification plants exist worldwide, thougirecise figure for
the number processing MSW (as opposed to a more uniformesseparated
stream) is difficult to ascertain. Some facilities & a pilot stage, testing MSW
as feedstock but may not regularly handle MSW. Alsmesfacilities do not
process MSW exclusively. For example, the Kurashiklifain Japan operated

% McKinnon-Rutherford, KristerDebunking the Myths of Incinerati¢@007), 51.

27 City of Los Angeles, Bureau of Sanitatidrechnical Study Documents from URS: Pyrolysis (Belgium)
http://www.lacity-alternativetechnology.org/PDF/PyraisFacility.pdf, accessed May-June 2008.

2 R.W. Beck,Comparative Evaluation of Waste Export and Conversion TechnologiesdalOptions
Draft Report (May 2007), Section 3-8.
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by Interstate Waste Technologies uses industrial wplstgtjc auto shredder
residue, and MSW in its feedstotk.

Gasification has been used commercially to convéid,amiform biomass
feedstocks (e.g., coal, wood, vegetative biomass) mpaadliand gaseous fuels.
Technology suppliers, however, have had difficulty cotnwg MSW to liquid or
gaseous fuels on a reliable commercial scale. MSWitia uniform feedstock,
and therefore the resulting synthetic gas may havengrgtios of carbon
monoxide and hydrogen, making it difficult to market comriagisc°

Multiple gasification technology suppliers exist in thés. and overseas. The
readiness and reliability of the technologies offerades significantly. A 2006
review of thermal processing technologies performed &w Nork City’s
Department of Sanitation identified two suppliers — ther&lorporation and
Interstate Waste Technologies — as being qualified to deeet@mmercial
gasification facility in New York to process MS%H.

Some gasification facilities have experienced sigmiticgerational problems.
For example, a plant in Karlsruhe, Germany, which e@erated by the
Thermoselect Corporation, had serious difficulties dyitig “scale-up” to process
792 TPD. There were considerable delays in commissionimghvied to a
reduced processing capacity. In 2002 the facility large quesofinatural gas to
heat the waste, and did not deliver any electricityaat lback to the gritf The
plant was shut down in 2004 due to environmental, litigatiod,eeonomic
issues’®

% Alternative Resources, Indpcused Verification and Validation of Advanced Solid Waste Management
Conversion Technologi€€oncord, Mass.: March 2006), Section 6.0.

30 Alternative Resources, Indssues and Economics of Fuels Versus Electricity Produre@dnversion
TechnologiegJanuary 2008).

31 Alternative Resources, Ingpcused Verification and Validation of Advanced Solid Waste Management
Conversion Technologies, Phase 2 Stirigpared for New York Economic Development Corporatith
New York Department of Sanitation (March 2006), Section 6.0.

%2Franconian County Newspaper [Frankische Landeszeitungjuthl Gas Use Should Be Halved This
Year [Erdgas-Verbrauch soll dieses Jahr halbiertwerdemjfialy 29, 2003, as cited in Greenaction for
Environmental Health and Global Alliance for Inciatr Alternatives, Incinerators in Disguise: Case
Studies of Gasification, Pyrolysis, and Plasma in Beyésia and the United States (2006).

33 |bid.
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Environmental

Air emissions are the paramount environmental concégmregard to
gasification, and the emissions are very similar es¢hfrom pyrolysis. In 2005,
the City of Los Angeles conducted an evaluation of soéidtes processing
techniques in Europe and Japan and concluded that a gawifipktnt could meet
California’s stringent air emission requirements. $hely determined that
commercially available control equipment could reducemissions to levels
well below federal and state regulatory liniits.

Emissions from gasification plants may be lower tliam conventional
combustion technologies. Nine air pollutants fromt@égswaste-to-energy
facilities in Massachusetts were measured and compatiedhsiaverage
emissions from gasification facilities. Emissiouds from the Massachusetts
WTE facilities were higher for all nine pollutaritsThe Massachusetts
combustors all began operations prior to 1990 and, from assems standpoint,
perform far worse than state-of-the-art WTE fa@bhti

Gasification and pyrolysis have significant wastewagracts: quenching water
and water used in cleaning steps is contaminated and germenatigt be released
into sewer systems and wastewater treatment platitewtiadditional treatment.

Economic

The unit capital cost of a commercially operating geaiion plant is estimated at
$81,000-$146,000 per ton per day of installed capacity. For exacapiéal

costs foszs a plant that can process 150 TPD would fall st\8&2 and $22
million.

Typical operating and maintenance costs are $57 to $67 pef \waste
processed’

Similar to pyrolysis facilities, waste preprocessing Iags mechanical shredding
for size reduction and is not a significant job producer.

34 URS CorporationEvaluation of Alternative Solid Waste Processing Technologpeslucted for the
City of Los Angeles (September 2005), Section 2-15.

% Alternative Resources, Indélemorandum: Air Emissions from Existing Massachusetts WastestopEn
Facilitates Compared to Air Emissions from Advanced Thermal €siowel echnologie§lanuary 14,
2008).

3% R.W. Beck,Comparative Evaluation of Waste Export and Conversion TechnologiesdalOptions
Draft Report (May 2007), Section 3-18.

3" R.W. Beck,Comparative Evaluation of Waste Export and Conversion TechnologiesdalOptions
Draft Report (May 2007), Section 3-18.
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Anaerobic Digestion

Technical

Anaerobic digestion is a reliable technology that leenhused for over a century
to process sewage biosolids, but it is less commonly esédSW. Currently,
nearly 90 anaerobic digestion plants in Europe are priogekSW, handling a
total of 2.75 million TPY of MSW. Most of these plapi®cess source-separated
organic materials, though some new facilities in Eurapealasigned to process
mixed MSW, using a method that involves mechanical separttiowing the
anaerobic digestion. The ability of these mixed MS¥ésiion facilities to
produce marketable compost products, however, remains amoestion:

Non-degradable materials found in MSW feedstock, which haté&een source-
separated, are highly problematic for anaerobic digestiaihose contaminants
are not removed from the feedstock in a pre-processigg,stawill significantly
reduce the value of the compost and in some cases damagguipment. Also,
if the pre-processing step is not done properly, mu¢heomaterial would
potentially need to be landfilled.

Environmental

Excess liquid from digestion may produce some wastewaktach would require
treatment or disposal. Proper process design and neisamagement can
minimize this waste stream to negligible levels anglate it all together.

Though these facilities are designed with leak-free m®eents to produce no
odor or air emissions, some anaerobic digestiontiasihave experienced
problems with odor and community opposition. Most organis&ons and
odors occur in material handling aréas.

Economic

The intensive pre-processing step to remove non-degradaldaahatakes this
technology costly, but it can provide a boost in job apputies for a local
economy. Although some of this processing can be doneamieally, it usually
relies on a more systematic waste collection systeseparate recyclables,
organics, and non-organics at the source. This separstio®m main area for job

38 City of Los Angeles, Bureau of Sanitatidrechnical Study Documents from URS: Anaerobic Digestion
http://www.lacity-alternativetechnology.org/PDF/AnadofligestionFacility.pdf, accessed June 2008.

39 City of Los Angeles, Bureau of Sanitatidrechnical Study Documents from URS: Anaerobic Digestion
http://www.lacity-alternativetechnology.org/PDF/AnadofligestionFacility.pdf, accessed June 2008
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creation. Operating the plant after the processindp&as done would likely
require a similar number of workers as pyrolysis orfgasion facilities?°

Anaerobic digestion facilities simply cannot procesefain portion of the waste
stream that is non-degradable. That portion of theensistam can vary. For
example, in King County (Seattle), Washington, it isneated to be roughly 32%
of the county’s waste stredfh. This material must be processed in some other
fashion, requiring either another type of waste comverigcility or landfill
capacity.

The cost of an anaerobic digestion system dependsasizéhof the facility and
varies amondechnology providers. As an indicationpaissible costs, a large 1
MWe (~10,000 ton) facilitys estimated toost £3 to 4 M ($4.7 to $6.2 million)
in capital costs and £100,000 ($155,000 USD) per year for opexiatiosts:?

Areas for Further Review

Human Health

The influence of air emissions from thermal converseminologies, including pyrolysis
and gasification, on human health remains a key quesHarticularly when considering
long-term human health impacts, even small quantifipekutants such as dioxins,
furans, and mercury can be detrimental to human helsliimy of these substances
(dioxins in particular) can be carried long distancemftheir emission sources; persist
for decades in the environment without breaking downleds harmful compounds; and
accumulate in soil, water, and food sour€es.

Technologies are available, however, that can sotislig reduce air emissions from
gasification and pyrolysis facilities. Wet and drywatrers can be used to decrease
chlorides, hydrochloric acid, and sulfur dioxide. Other ®whair pollution control
equipment can help capture fine particulate matter and tnatals. A recent California
study of conversion technologies in use elsewhere cortthindé existing pollution

“’Karena OstrenGreening Waste: Anaerobic Digestion for Treating the Orgaréction of Municipal
Solid Wasteshttp://www.seas.columbia.edu/earth/wtert/sofos/Ostrerasishfinal.pdf.

*1 R.W. Beck,Comparative Evaluation of Waste Export and Conversion TechnologiessalOptions
Draft Report (May 2007), Section 3-19.

“2 Department for the Environment, Food, and Rural Afféids/anced Biological Treatment of Municipal
Solid Waste (2007). 27. http://www.defra.gov.uk/environmeate/wip/newtech/pubs.htm. Accessed
June 2008.

“3 National Research CoundiWaste Incineration and Public HealWashington, D.C.: National
Academy Press, 2000).
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control methods could enable such facilities to meet &lrjuality standard¥. Even
with these air pollution control technologies, howevigle information and no
consensus in the scientific community exists ondhg4erm impacts of pyrolysis and
gasification on human health. Thus, citizen and enviemal groups opposed to
incineration typically extend their concerns to covéreothermal conversion methods.

In considering the potential air emissions and health ¢tspaf those conversion
technologies that produce a synthetic gas (syngas)thaitehe syngas production phase
is distinct from the combustion phase. It is impdrtanconsider the degree of scrubbing
of metals and others pollutants and what kinds of potutbntrols will be used on the
combustion facilities that burn the synthetic gabkatTis, in assessing the life cycle
impacts of syngas from MSW, the emissions from thditfaciombusting the syngas to
produce electricity (or for some other direct energy gkeuld be included.

Compatibility with Recycling Programs

Pyrolysis & Gasification

Pyrolysis and gasification can significantly reducevbleme of MSW and divert that
material from landfills. However, it should not bederstated that minimizing waste
generation and reusing materials should be the primaryof@alste management, as
opposed to simply reducing the volume of MSW. Thermaite/o-energy technologies
are not renewable energy sources. Rather, these teglesodepend on a steady stream
of natural resources, like paper from virgin forests aadts derived from fossil fuels.
Communities should therefore understand and capture the eatecycling, reusing,

and reducing materials before they are discarded as waste.

Conclusions from the literature review of comparasitelies on solid waste
management showed overwhelmingly that recycling impfesesr environmental
burdens and consumes less energy than landfilling ongleonversion technologies. A
study from San Luis Obispo County, California, comparingciay, disposal with
energy recovery from landfill gas, and thermal wastenergy technologies found that
“Energy grid offsets and associated reductions in envirorahbuatdens yielded by
generation of energy from landfill gas or from mixetidswaste combustion are
substantially smaller than the upstream energy andtmoll offsets attained by
manufacturing products with recycled materidfs.In other words, energy saved by
recycling exceeds energy created by landfill gases ogemarnessed from thermal
conversion technologies like pyrolysis and gasification

4 Alternative Resources, Inc., conducted for Los Ang€lasnty, Conversion Technology Evaluation
Report(Concord, Mass.: October 2007), Section 1:0, 1-6.

%5 San Luis Obispo Countgomparison of Environmental Burdens: Recycling, Disposal with Energy
Recovery from Landfill Gases, and Disposal via Hypothetical &tasEnergy Incineratiof2002).
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Furthermore, some studies have concluded that wasteetgyeconversion technologies
undermine recycling programs. A study by the Zero Waste NealaAd Trust reported
that thermal conversion technologies need a constiapiysof materials, often with a
high fuel value (like paper and plastics), which can shdétftitus away from recycling
programs. The study stated that developing thermal csinvetechnologies can “result
in the creation of long-term contractual agreementls lotal authorities guaranteeing a
certain tonnage of waste per year. This situation &ffdg destroys incentives for local
decision-makers to minimize waste or lead resourcevezg@rograms.*

Some countries that employ thermal waste-to-enedhyntdogies have banned waste
that could otherwise be recycled from going to landfitléhcineration plants. For
example, Denmark was the first country in Europe to dhuce a ban on landfilling waste
suitable for reuse or recycling. Demark also uses fiscahtives to support recycling
programs. Tipping fees for landfill waste are 51 EuléS $79) per metric ton;
incineration tip fees are 44 Euros ($68) per metric ton; ecytting is freé” This
system may be hard to replicate in some parts of theedlSitates (e.g., the Midwest or
Southwest), where many waste facilities are privat@iped and landfill tip fees have
generally been lower. (Note that the Northeast hasdiion’s highest landfill tip fees,
estimated at $70 per ton on average in Z8p4.

Anaerobic Digestion

The intensive pre-processing needed before feedstockegananaerobic digestion not
only complements a highly functioning recycling program,ibdéepends upon a waste
collection system in which materials are sorted propeilyeport on waste management
options and climate change prepared for the Europeam@sinn concluded that
implementing recycling programs in conjunction with the afsanaerobic digestion
would most effectively reduce greenhouse gases: “The baglghown that overall,
source segregation of MSW followed by recycling (for papetals, textiles, and
plastics) and composting/anaerobic digestion (for biodeptadeaste) gives the lowest
net flux of greenhouse gases, compared with other ogborise treatment of bulk
MSW."*® Though source segregation of MSW can be labor-interssid costly, a well-
organized recycling program, complemented with anaerogé&ston, generally offers
more environmental benefits and energy savings than otlste wenagement options.

46 Zero Waste New Zealand Trug¥asted Opportunities — A Closer Look at Landfilling & Incineration
http://www.zerowaste.co.nz/default,33.sm, accessed Mag-2008.

*” RenoSam and Rambellhe Most Efficient Waste Management System in ELvdpste to Energy in
Denmark(2006), 13.

“8 Edward W. Repa, Ph.D., National Solids Waste ManageAssuciation NSWMA'’s 2005 Tip Fee
Survey(NSWMA Research Bulletin 05-3, March 2005), http://wastpcoductions.net/webmodules/
webarticles/articlefiles/463-Tipping%20Fee%20Bulletin%202005 guifessed May-June 2008.

“9SAEA TechnologyWaste Management Options and Climate Change: Final Report to theeamrop
Commissior{2000), http://ec.europa.eu/environment/waste/studies/cliciza@ge. pdf.
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Water & Wastewater

The quantity of water required in gasification and pynslyacilities (for quenching and
cleaning) needs to be considered in assessing facility ispadtfeasibility. Similarly,
the volume and quality of wastewater generated, andhehpte-treatment is required
before release into a sewer system or wastewatsntent plant, should be considered.

Conclusions

Waste reduction and recycling impose fewer environmental bsiraled consume
less net energy than other solid waste management techniquegll, the
“Reduce, Reuse, Recycle” approach offers the most envimtahignefits, uses
the least amount of energy, could potentially divertntlosst waste from landfills,
and poses the fewest concerns regarding human headtkimMing waste
reduction and diversion should generally be higher-levelagament goals than
reducing the volume of waste after it is generated atymiog energy.

Pyrolysis and gasification are potentially viable, but urgmeid conversion
technologies for processing MSW to produce energyeatuihrent time.
Numerous technology suppliers exist, particularly fonfgasion, as do examples
of facilities that can successfully reduce the voluh®ISW. Examples are
limited, however, of commercial gasification or py$ facilities that have
consistently produced marketable energy from MSW proapssithe same way
that it has been possible with more uniform feedstog&k as coal or wood.

Anaerobic digestion received generally positive reviewsough it requires
significant pre-processing of MSW, it is a technololggttcomplements recycling
programs and poses few risks to the environment or huméth.hééany
commercially operating facilities in Europe are curseptibcessing MSW.

The scientific community lacks consensus regarding thg-ierm effects of
pyrolysis and gasification on human health.

Capital intensive thermal conversion technologies @eeohstant supply of
materials, often with a high fuel value (like paper, fdas and organics), which
can compete with recycling programs.
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Table II-1: Alternative Technology Comparison Summa  ry

Summary Factors

Anaerobic Digestion

5asification P

yrolysis

Overall advantages

Proven, effective technology if there is
a local compost market to make use of
the byproducts. AD uses biological
and chemical technologies to break
down organics and produces valuable
gases that can be captured using this
process. (In contrast, conventional
aerobic composting can break down
biodegradable materials but does not
typically produce valuable gases that
are captured.) AD also produces
fewer air emissions than thermal
technologies. Because the AD system
is enclosed, odors are controlled more
than with composting facilities, which
are typically open to the outside air

The MSW reduction rate of gasification
technology can be between 80-90% by
weight — traditional thermal conversion
technologies can only reduce volume
by about 75%.

Pyrolysis can reduce the volume of
MSW by as much as 90%.

Overall disadvantages

Intensive pre-processing step makes
this technology costly and difficult to
use for large amounts of MSW.

To date, “scale-up” projects have not
been consistently reliable for energy
production from MSW on a
commercial scale. Large, commercial
facilities for MSW are limited.
Advanced thermal technologies
require pre-sorted, size-reduced,
homogenous materials.

Few large-scale facilities have been
implemented. Advanced thermal
technologies require pre-sorted, size-
reduced, homogenous materials.

Large operating unit
example

Barcelona, Spain (largest AD plant for
MSW) can process 1,000 TPD of
MSW. In operation since 2003.

Tokyo, Japan. Can process 180 TPD
and has three years of experience
processing MSW.

Hamm-Uentrop, Germany. Can
process 175 TPD of MSW. In
operation since 1985.

Materials Management Options for MA Solid Waste Master Plan Review

Final Report

36




Summary Factors

Anaerobic Digestion

(

5asification

P

yrolysis

Facilities commercially
operating in U.S.

None for MSW. AD facilities in the
U.S. are used in the dairy industry to
process manure and produce
electricity. One AD facility in Canada
is processing MSW.

None.

None.

Technology
readiness/reliability

AD has been used for over a century
to process sewage biosolids.
Currently nearly 90 AD plants in
Europe are processing approximately
2.75 million tons of MSW per year.

There are many established and
emerging gasification technology
suppliers (including Global Energy
Solutions, Ebara, Entech Renewable
Energy System, and Thermoselect).
There are approximately 90 facilities
operating worldwide, but precise
numbers for MSW-only facilities are
uncertain as many accept industrial
waste such as plastic auto shredder
residue.

There are several technology
suppliers. One supplier, WasteGen UK
Ltd., has the longest operational
facility in Germany for 22 years.

Known technical
constraints

Non-degradable materials in MSW that
have not been source-separated are
highly problematic. If these
contaminants are not removed from
the feedstock, they can damage the
equipment, significantly reduce the
value of the resulting compost, and
potentially result in landfilling of the
material.

MSW feedstock requires pre-
processing to reduce the size of the
MSW to between 2 and 12 inches.

MSW feedstock requires shredding to
a 12-inch maximum size prior to
charging the pyrolysis reactors — some
technologies require more of a size
reduction.

Feedstocks

MSW, biowaste, waste paper,
industrial waste, and sewage sludge.

MSW, biomass

Residual domestic waste, commercial
waste, and sewage sludge.

Materials Management Options for MA Solid Waste Master Plan Review

Final Report

37




Summary Factors

Anaerobic Digestion

(

5asification P

yrolysis

Energy outputs

Biogas (methane and CO,) which can
be burned to generate steam and
electricity. Biogas can also be purified
extensively to pipeline quality and
pressurized to be used, for example,
as compressed natural gas, a safe and
clean vehicular fuel.

Organic materials are converted to
synthetic gases (“syngas”), composed
mostly of hydrogen and carbon
monoxide. Syngas can be used in
boilers, gas turbines, internal
combustion engines or can be used to
produce chemicals. Syngas can also
produce methanol and ethanol.

Pyrolytic oils and fuel gases, which
can be used as boiler fuel, or refined
for higher quality uses, such as engine
fuels. Also, thermal energy released
during the pyrolytic reaction can
produce steam for electricity
generation. The heating value (268-
376 Btu/ft? depends on the quality of
the feedstock.

Net energy generation

Depends on the feedstock; organic
fraction of post-recycling MSW
produces biogas yield averaging 4,300
scf per ton, or around 250 kWh per
ton.

Fluid bed technologies (one-stage)
vary from 400 to 500 kWh per ton of
waste processed. Fixed bed (two-
stage/gasification-pyrolysis) facilities
vary between 700 to more than 900
kWh per ton of waste processed. Fluid
bed technologies are considered to be
more mature than fixed bed.

Varies based on feedstock
composition; ranges from 400-700kWh
per ton of waste processed.

Material outputs

Compost product following digestion
process.

Inorganic materials are converted to
either bottom ash (low-temperature
gasification) or vitreous slag (with
high-temperature gasification). Bottom
ash is frequently landfilled, but can be
used in bricks or paving stones. Slag
can be used to make roofing tiles or as
asphalt filler. If system uses oxygen
injection (creating extremely hot
temperatures), then metals can be
recovered in ingot form.

Ferrous metals contained in the solid
residue can be recovered for reuse.
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Summary Factors

Anaerobic Digestion

(

5asification P

yrolysis

Pollution outputs

Wastewater from excess liquid from
digestion. Some odors. Air from
compost piles must be treated in a
biofilter.

Similar emissions to pyrolysis. Syngas
can be cleaned to remove most
unwanted particulates and
compounds.

Greenhouse gases (CO;, CH,). Most
of the particulate matter is removed
from the syngas when it passes
through a cyclone, but some
particulate matter is released in flue
gas along with hydrochloric acid, sulfur
dioxide, cadmium/thallium, mercury,
dioxins/furans. For every ton of MSW,
600 Ibs of char/ash are produced,
which generally is landfilled as inert
waste.

Capital costs 1 MWe (~10,000 ton per year or about | $146,000 to $181,000 per TPD of Not available.
33 TPD) capacity facility estimated to installed capacity.
cost £3 to £4 million ($4.7 to $6.2
million USD) or $142,000 to $188,000
per TPD of installed capacity.
Operating/maintenance | 1 MWe (~10,000 ton) capacity Approximately $57-65 per ton of waste | Not available.

costs

estimated to cost £100,000 ($155,000
USD) per year.

processed.

Job creation

Significant processing of the MSW is
needed before it can be digested; it is
uncertain how many jobs this step
would create, though employment is
expected to be higher than for thermal
technologies.

Similar to pyrolysis; relatively low job
creation.

Pyrolysis system itself is managed
from a control room. Labor would be
needed to manage feedstock. No
exact numbers for jobs created, but
relatively few.
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Summary Factors

Anaerobic Digestion

(

5asification

P

yrolysis

Financial risks

More extensive global operational
experience than thermal technologies,
but no U.S. facilities for MSW to date.
AD cannot process waste stream that
is not biodegradable; therefore
municipalities will have additional
costs to implement other processing
technologies or landfill a portion of
waste stream.

Thermoselect had serious problems
doing a “scale-up” to a 792 TPD facility
in Karlsruhe, Germany. There were
considerable delays in commissioning,
which led to a reduced processing
capacity and the plant was shut down
in 2004 due to environmental,
litigation, and economic issues.

Brightstar Environmental constructed
two gasification units in Australia,
estimated at 50 TPD, which ran for
four years and then were shut down
due to problems with the char
gasification component of the process.
This shut-down represented a $134 M
loss to Brightstar.

Human health risks

The health risks from the solid and
liquid residue from the AD plant should
be low, as long as source-separated
waste is being used (i.e., no chemical
contaminants are entering the system
from other waste).

Generally similar air emissions to
pyrolysis. CIWMB Conversion
Technology Report to the Legislature
(March 2005) showed that the current
gasification and pyrolysis plants in
Japan and Europe are fully capable of
meeting the strict air emission
standards that a plant in Los Angeles
would be required to meet, but the
long-term human health implications of
these emissions are unknown.

Generates low levels of PM, SOy,
mercury, dioxins, but the long-term
human health implications of these
emissions are unknown. Due to the
limited number of commercial-scale
operating pyrolysis facilities, some
guestions about its safety remain
unresolved. However, CIWMB's
Conversion Technology Report to the
Legislature (March 2005) showed that
the current gasification or pyrolysis
plants in Japan and Europe are
capable of meeting the strict air
emission standards that a plant in Los
Angeles would be required to meet..
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Summary Factors

Anaerobic Digestion

(

5asification P

yrolysis

Public acceptance

Potential odors from plants remain a
reason communities are concerned
about this technology. Many U.S.
communities have a strong track
record of opposition (NIMBY) to any
type of waste facility, including
composting and recycling operations.
Transportation impacts are also of
concern to local citizens.

Varies depending on location and
public outreach efforts — has been
more accepted in countries where the
governments communicated to
citizens that the highest pollution
protection measures are taken and
monitored continuously. Considering
waste facility siting experience,
environmental laws, and citizen
activism, gaining public acceptance for
these facilities is expected to be
challenging in the United States (see
anaerobic digestion).

Varies depending on location and
public outreach efforts — has been
more accepted in countries where the
governments communicated to
citizens that the highest pollution
protection measures are taken and
monitored continuously. Likely to be
difficult in the U.S. (see anaerobic
digestion and gasification).

Compatibility with
recycling programs

Yes. Would not be possible without a
highly functioning recycling program
so that MSW is processed as much as
possible before reaching facility.

Same issues as pyrolysis/thermal
conversion. Gasification is “easier”
(though less energy efficient and
environmentally friendly) than three
R’s, so there needs to be an incentive
program to continue recycling.

Pyrolysis facilities need a steady
stream of energy-rich MSW to produce
energy, which generally is not
compatible with a comprehensive
recycling program. The proper
fiscal/policy tools (e.g., those in place
in Denmark), however, could provide
sufficient incentives for recycling.
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[1l. Results of the Morris Environmental Benefits C alculator
(MEBCalc) Model

A. Model Overview

The project team utilized the Morris Environmental Basefialculator (MEBCalc)
model, a life-cycle assessment (LCA) tool developedebytmember Jeffrey Morris, to
assess the relative impacts of different waste gemant systems for Massachusetts.
The model employs a life-cycle approach to captureningt of energy and the output of
wastes and pollution that occur over the three phasgsmaterial’s or product’s life
cycle:

Upstream phase — resource extraction, materials refiamgyproduct
manufacturing,

Use phase — product use, and

End-of-life phase — management of product discards.

Figure IlI-1: Schematic of a Life-Cycle Assessment
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The LCA approach employed in MEBCalc is shown abovegare Il1-1. It depicts how
reuse and recycling short circuit the upstream phaselheonserving energy and
reducing releases of waste and pollutants in the produztignods and services. Most
of this environmental value comes from pollution reductiorthée manufacture of new
products made possible by the replacement of virgin rawrral with recycled
materials and the replacement of synthetic petrolbased fertilizers with compost.

The model utilizes the best data sources availablgngebn the following:
US EPA WAste Reduction Model (WARM)
US EPA MSW Decision Support Tool (DST)

Carnegie Mellon University Economic Input-Output Life (&@&ssessment
(EIO-LCA) model

Washington State Department of Ecology Consumer Enviratahedex (CEI)
model

Peer-reviewed journal articles authored by team memfeey&lorris.

The environmental benefits estimates are based on paligductions that decrease the
potential for seven categories of damage to public heattleersystems’

Climate change

Human disease and death from particulates
Human disease and death from toxics
Human disease and death from carcinogens
Eutrophication

Acidification

Ecosystems toxicity.

* For a detailed description and discussion of theseamiental impact categories see Bare, Jane C.,
Gregory A. Norris, David W. Pennington and Thomas McKone (20BACI: The Tool for the
Reduction and Assessment of Chemical and Other Emaieatal Impactslournal of Industrial Ecology
6(3-4): 49-78, and Lippiatt, Barbara C. (20BIEES 4.0 Building for Environmental and Economic
Sustainability, Technical Manual and User Guitllss Department of Commerce Technology
Administration, National Institute of Standards andhretogy, Publication NISTIR 7423, May 2007.
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Life cycle analysis and environmental risk assessmeatsder the methodologies for
connecting pollution of various kinds to these severgcates of environmental damage.
For example, releases of various greenhouse gases A chokae (CQ), methane

(CHg), nitrous oxide (MO), chlorofluorocarbons (CFCs) and others — cause global
warming which leads to climate change. The United Natiotergovernmental Panel on
Climate Change (IPCC) has thoroughly reviewed the stieedata to determine the
strength of each pollutant relative to carbon dioxideansing global warming. Based
on these global warming potential factors the emissibai greenhouse gas pollutants
are aggregated into G@quivalents (eCg).

Similar scientific efforts enable the quantity of padint releases to be expressed in terms
of a single indicator for the other six categories of mmmental damage. This greatly
simplifies reporting and analysis of different levelgollution. By grouping pollution
impacts into a handful of categories, environmental argisbenefits modeling is able to
reduce the complexity of tracking hundreds of pollutaiitis makes the data far more
accessible to policy makers. For this process theiMBnvironmental Benefits
Calculator relies on the methodologies used in US EHRACI (Tool for the Reduction
and Assessment of Chemical and other environmental Impaotiel and the Lawrence
Berkeley National Laboratory’s CalTOX modéi>?

For key materials in the MSW stream the methodologyeades pollutants for each
environmental impact category in terms of the followimgdjcator pollutants:

Climate change — carbon dioxide equivalents (§CO

Human health-particulates — particulate matter lems th5 microns equivalents
(ePMs)

Human health-toxics — toluene equivalents (eToluene)
Human health-carcinogens — benzene equivalents (eBgnzene
Eutrophication — nitrogen equivalents (eN)

Acidification — sulfur dioxide equivalents (€O

Ecosystems toxicity — herbicide 2,4-D equivalents (e2,4-D)

*1 Bare, Jane C. (2002peveloping a Consistent Decision-Making Framework by Using tSe EPA's
TRACI,U.S. Environmental Protection Agency, Cincinnati, @H¢d Bare, Jane C., Gregory A. Norris,
David W. Pennington and Thomas McKone (2003), TRACI: Toe Tor the Reduction and Assessment
of Chemical and Other Environmental Impadturnal of Industrial Ecolog(3-4): 49-78.

*2 See a description of the CalTOX model, referencesgdamtloadable manual and software at
http://www.dtsc.ca.gov/AssessingRisk/caltox.cfm
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Full documentation of the model is provided in Appendix @¢cldnentation for the
Morris Environmental Benefits Calculator Model, whicherehces the supporting
documentation for the other tools and sources mentionae abo

B. Key Modeling Assumptions

The model was applied to the Massachusetts-specifiewwagam in terms of the
tonnage and material composition reported in MA DES8kd Waste Master Plan: 2006
Revision(section 4), the 2006 Solid Waste Data Update oBé&y®nd 2000 Solid Waste
Master Plan as well as Tellus Institute’s 2003 report prepared for DERSte Reduction
Program Assessment and Analysis for Massachus€ékis 2006 MA total waste stream
(residential, commercial, and construction and demal)itts summarized in Table IlI-1.

Table 111-1

2006 Total Massachusetts Waste Stream: Generation, Diversion andsposal (tons)

Recycling &
Material Type Actual Composting Other Diversion Disposal
Generation Diversion Tonnages
Corrugated 828,492 490,945 337,548
Mixed Paper 2,238,890 953,505 1,285,385
Newspaper 456,587 180,266 276,321
Glass 516,288 312,762 203,526
Plastics 697,444 37,857 659,587
Aluminum 42,234 25,042 17,192
Steel/Tin Cans 121,226 58,237 62,989
Scrap Metal 569,765 295,701 274,063
White Goods 25,552 22,332 3,220
Food 1,173,020 29,268 1,143,752
Yard Waste 1,139,053 724,000 415,053
HHP 26,454 5,958 20,496
Other Materials 1,465,394 374,128 1,091,266
ABC 2,966,500 2,800,000 64,800
Wood 573,500 120,000 223,200
Wood for Non-Fuel - 70,000 -
Wood Waste - 50,000 -
Wood for Fuel - 0 80,000 -
Gypsum Wallboard 185,000 10,000 72,000
Roofing 203,500 30,000 79,200
Other C&D* 571,100 0 230,400
Fines/Residuals - 790,000
Other Non-MSW 90,000 90,000
Totals (tons) 13,890,000 6,470,000 870,000 6,550,000
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Note that the following definitions are used throughoutMiiEEBCalc model:
Recycling: closed loop material recycling
Composting: aerobic composting

WTE Incineration: mass burn thermal conversion/advartoeual recycling
(offset to natural gas powered electricity generation)

Gasification/Pyrolysis: averages for advanced theomaVversion technologies
(offset to natural gas electricity)

Landfill + Energy: 75% methane capture & conversionléatecity in an internal
combustion engine (offset to natural gas electricity)

Recycled: closed loop discarded-materials-content products
Virgin: newly extracted raw-materials-content products

Key assumptions used in the MEBCalc model for calmgathe life-cycle emissions are
drawn from the sources mentioned above in sectioA dihd include the following:

All emissions resulting from landfilling a particular sta material that will occur
over time as a result of burying that material are nestlas if they occur at the
time of landfilling.

Material decomposition rates are taken from the WARMeh and are based on
national dry-tomb standard landfills.

Similarly, carbon storage rates for each waste nadtae based on the WARM
model.

Net GHG emissions are based on (1) gross GHG emigsanen MSW,
including transport related emissions; (2) any increaseartvon stocks due to
waste management practices (e.g., landfilling resuitxieased carbon storage
as a portion of the organics disposed in a landfill dadecbmpose); and (3)
energy generation from waste that displaces fosdicfugsumption and related
emissions. This approach is the same as that used byakdP&an be
summarized as follows:

Net GHG emissions = Gross GHG emissions — (Increasarbon stocks
+ Avoided utility GHG emissions).
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CO, emissions from biogenic waste (e.g., paper, yard trimmiogs, discards)
are accounted for according to IPCC Guidelines and consistidnEPA’s
approach in WARM and DST. That is, carbon emissioms fbiogenic sources is
considered as part of the natural carbon cycle — returrgdthe atmosphere
that was removed by photosynthesis — and its releasendbesunt as adding to
atmospheric concentrations of carbon dioxide. Conver&xly emitted by
burning fossil fuel, is counted because they enter thie dye to human activity.
Similarly, methane emissions from landfills are cedinfeven though the carbon
source is largely biogenic) because the methane is gemheraieas a result of
the anaerobic conditions that human landfilling of waseates?

A landfill gas (LFG) capture rate of 75% is assumeds Thconsistent with the
default capture rate used in WAR¥.

Landfilling of municipal waste combustion ash is cdesed in the model,
including emissions from transport to an ash landfilltiéatly all carbon is
assumed to be combusted in the incineration process. fohuspdeling
purposes MWC ash contains no carbon.

Traditional MWC reduces the volume of waste by 90%. Theonsistent with
the assumptions used in U.S. EPA’s Decision Support Tool.

For MWCs, 70% of ferrous metal is assumed to be recd\fssen ash and
recycled. This is consistent with the DST assumptions.

Emissions from operational activities at landfills &nd/C facilities, such as use
of heavy equipment as well as landfill leachate aMi®/ash management, are
based on the DST and taken into account.

The electrical energy generated from combusting |&mdfses or thermal
treatment of MSW is assumed to offset electricitytwnregional grid that would
otherwise be generated using natural gas, the region’srmabfgel type>>

>3 U.S. EPASolid Waste Management and Greenhouse Gases: A Life Cycle AsgasisEmissions and
Sinks May 2002, p. 12.

** |t also is a mid-range value between those landfill éspeno claim a modern landfill gas collection
system will capture 95% of LFGs, and those who claimttieeffective LFG collection efficiency is 50%
or less because installation of the gas collectistesy is typically delayed until some months or more afte
a landfill cell begins receiving waste and because tlisare guarantee that the LFG collection system will
continue to operate after landfill closure for as lasd-FGs continue to be generated.

%5 This is an important assumption and differs from ERA%SRM model, which assumes a coal-heavy
national average fossil fuel mix used by utilities, adieetype that is offset. This fuel mix generates
about 66% more eGffset per kWh than natural gas. (See U.S. EPA, 2002, Exhd).
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The generation of electricity from landfill gas is @s$®d to be done using
internal combustion engines.

Collection, transfer and transport distances are asgaonbe similar across
disposal technologies. Waste transport of up to 100 milésibl and 400 or
more miles by rail is modeled for transport emissiaisudations.

Recycled materials are assumed to be hauled up to 500améesay by truck
from MRF to end use, or 2100 miles by rail.

Comparison of Emissions & Energy Generation Pote

by Waste Management Approach

Emissions

ntial

The MEBCalc model was used to calculate the relatimssons of the various waste
management approaches under consideration in this repble. ITia2 presents a
summary of the life-cycle emissions per ton of solakte as calculated using the
MEBCalc model.

Table IlI-2: Summary of Per Ton Emissions by Management Métod

Pounds of Emissions (Reduction)/Increase Per Ton — Summary *

Human Human Human
Management Climate Health - Health - Health- Eutrophi- Acidifi- Ecosystem
Method * Change Particulates Toxics Carcinogens cation cation Toxicity

(eCO,) (ePM2.5) (eToluene) (eBenzene) (eN) (eS0O2) (e2,4- D)

Recycle/
Compost (3620) (4.78) (1587) (0.7603) (1.51) (15.86) (3.48)
Landfill (504) 2.82 275 0.0001 0.10 2.38 0.21
WTE
Incineration (143) (0.30) 68 0.0019 (0.01) 0.04 0.29
Gasification/
Pyrolysis (204) (0.36) (1) (0.0000) (0.05) (0.93) 0.09

* Quantitative performance data from anaerobic digegtoitities comparable to that for the other facility
types are not readily available for the modeled ewmsscategories and therefore not included in the table.

It is important to note that for modern landfills, weabd energy incinerators, as well as
the gasification and pyrolysis plants, the emissamtidrs used to compare environmental
performance are based largely on modeling and/or vendorsclar modern, state-of-the
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art facilities, as opposed to actual operational data fieal world experience. This puts
these facilities in the best light possible fromeawironmental performance standpoint.
For example, actual operating performance for Massatisud/TE facilities has been
shown to produce far higher emissions than the modelecg8imilarly, there remains
significant uncertainty as to whether commercial sgakgfication/pyrolysis facilities
processing MSW and generating energy can perform assvéie vendor claims or
modeled emissions.

For each of the seven major emissions categories modeled;y@ing/composting
reduces per ton emissions more than any other waste managerh&echnology. Most
of these benefits come from pollution reductions in thaufacture of new products
made possible by the replacement of virgin raw matesiglsrecycled materials and the
replacement of synthetic petroleum-based fertilizatls compost. For most pollutants,
the relative benefits of upstream diversion are quaendtic. For example, recycling
reduces energy-related eg€é€missions in the manufacturing process and avoids
emissions from waste management. Moreover, paperlirggyoaintains the ongoing
sequestration of carbon in trees that would otherwied t@be harvested to manufacture
paper. On a per ton basis, recycling saves more than sieves eC@than landfilling,
and almost 18 times eG@eductions from gasification/pyrolysis facilities.

Among the other technology options — landfilling, wastenergy incineration, and
gasification/pyrolysis Ao technology performs better than the others acrosall the
emissions categories reviewetf.However, reported per ton emission factors for
gasification/pyrolysis facilities are lower than for WTE incneration facilities for all
pollutants, and lower than landfill emissions for all excepcarbon dioxide (eCQ).

Preference among the alternative technology options based on eronmental
performance is dependent on the relative importance placeoh eCG, emissions
versus the other pollutants For example, on a per ton MSW basis, modern landfills
with efficient gas capture systems reduce two and &ihvek as much eCQas
gasification and pyrolysis facilities, and three arht times as much as waste-to-
energy incinerators. In addition to the reduction in eG@missions due to methane

% The literature review in section Il of this repog@tonsidered anaerobic digestion facilities. While
qualitative statements can be made about the environimpenfarmance of such facilities, quantitative
performance data from anaerobic digestion facilitiesarable to that for the other facility types is not
readily available for the modeled emissions categamelstherefore not included in the table.

" The eCO2 figures in Table IlI-2 differ from thoseeditby EPA in its October 2006 report, Solid Waste
Management and Greenhouse Gases: A Life-Cycle Assessfrtemissions and Sinks, for several

reasons. First, the MEBCalc model assumes energy getiéram solid waste, whether from landfill
methane or from combusting MSW directly, offsets eleityrproduced from natural gas, the “marginal

fuel” in New England, while EPA uses a national averagslfasel mix, with eCQ emissions nearly twice
those of natural gas. Also, the EPA report expressds @Hissions in terms of metric tons carbon
equivalents (MTCE), while in the current report wedullthe international standard and express emissions
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capture for energy generation, a key factor contributripis is the role that landfills
play in storing carbon. Specifically, the portion of tisposal stream with embedded
fossil fuels (e.g., plastics, rubber), as well as aedeganic material that does not
decompose in a landfill, is essentially stored. Inddmee of thermal technologies, all of
the carbon from the waste is converted into, &0

It should be noted that the lack of comprehensive datadposial facility emissions
profiles, other than for GHGS,makes results for the other six environmental impacts —
acidification, eutrophication, releases of particidatamaging to human health, and
releases of toxics and carcinogens damaging to humai hedltecosystems — less
certain. Limited emissions estimates for many pollstas well as small sample sizes
for available emissions profiles mean that new or rdfemissions profile data could
alter the rankings of landfilling and combustion for afiyhe six (non-Cg) impact
categories. In addition, the net environmental impaots tombustion of landfill gases
in an internal combustion engine to generate elegtmaed further research. For
example, emissions from landfill gas combustion equigmeduce the emissions offsets
that such energy generation achieves in terms of reducedg of fossil fuels for the
electricity grid.

In order to determine whether the environmental impagisrted in Table 111-2 for
Massachusetts’ MSW wastes might be obscuring differeneegeen MSW wastes and
C&D wastes, the project team also used MEBCalc to agtimmissions impacts for
C&D wastes. In general the discussion based on relafivironmental impacts for MSW
is also accurate for C&D waste and for combined MSW a&D @astes.

The summary graphs in Appendix 3 present the detailedsedithe MEBCalc
modeling, comparing recycling and composting to landfilling, esstenergy
incineration, and the emerging technologies of gasifinaiad pyrolysis, all on a per ton
per specific MSW materials basis. As mentioned abitnveproject team did not have
access to sufficient emissions data for anaerobic tibgefscilities for their inclusion in

in terms of carbon dioxide equivalents (ef2OThe conversion between e¢dnd CHs directly related to
the ratio of the atomic mass of a carbon dioxide oudeto the atomic mass of a carbon atom (44 to 12).

%8 Several factors contribute to landfills superior perfamge in terms of GHG emissions. Combustion of
products/packaging containing fossil fuels (e.g., anythiastia or rubber) releases GHGs, and these
materials are prevalent in the disposal stream. dppsies to combustion of synthetic gases as well,(e.g
making petroleum and natural gas into plastics, thenyyagithose plastics to make a synthetic gas and
then combusting that synthetic gas, whether on sitdf gite from the gasification facility, releases Gl
just as combusting petroleum or natural gas directly doEsp, landfill gas recovery systems can be very
efficient at capturing methane. The MEBCalc model asés% capture rate (the DST model uses 88%
while WARM uses 75%).

%9 The carbon content of disposed materials is relatiwelyunderstood and documented, as is whether
CO, is biogenic or anthropogenic.
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the comparative analysis at this time. In addition éostven emissions categories
described above, the graphs also depict energy use angy sagmngs.

Energy Generation Potential

From a life-cycle net energy perspective, waste diverhrough recycling provides the
most benefit per ton of solid waste, saving an estim@sD kWh per ton MSW. Of the
other waste management technologies, gasification antypigrfacilities have the most
potential for energy production at about 660 kwh pefidallowed by waste to energy
incinerators at 585 kWh per ton, anaerobic digestion, anfillarg.®* The estimated
energy potential of the various management methods usee MEBCalc model are
summarized in Table 111-3, below.

Table 11I-3: Net Energy Generation Potential Per Ton MSW

Management Method (kE/CﬁrngF:g;ep; iSaJV)
Recycling 2,250
Landfilling 105
WTE Incineration 585
Gasification 660
Pyrolysis 660
Anaerobic Digestion 250

€0 As described in Table II-1, given that fluid bed technoledie gasification facilities are considered to
be more mature than fixed bed technologies, an energytiabi@m00-500 kWh per ton may be more
likely. Also, the 660 kWh per ton figure represents tiyh leind of the reported range for pyrolysis.

®1 The sources for the energy potential estimates incllefzey Morris’ “Recycling versus incineration:

An energy conservation analysiggurnal of Hazardous Material&/ol. 47, May 1996, pp. 277-293; R.W.
Beck,Comparative Evaluation of Waste Export and Conversion TechnologipsdalsOptions, Draft
Report May 2007; URS CorporatioiEvaluation of Alternative Solid Waste Processing Techyiek
conducted for the City of Los Angeles, September 2005; USitates Environmental Protection Agency,
Solid Waste Management and Greenhouse Gases, A Life-Cycle Asgeddamissions and Sinks
Research Triangle Institute, May 2002; “A Decision Suppodl Tor Assessing the Cost and
Environmental Performance of Integrated MunicipdidBSé&/aste Management Strategies: Users Manual,”
Draft for U.S. EPA, 1999.
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Note that per-ton energy potential estimates are depeadenhumber of factors
including: the composition of the MSW stream, the spetdchnologies considered
(e.g., fluid bed versus fixed bed for gasification), andsthece of the data.

The above estimates put the potential energy geneifadionthe thermal technologies in
a favorable light. For example, the energy genergiaiantial of pyrolysis facilities
ranges from 400-700 kWh per ton. This report uses a figure towrardsgh end of this
range in the current analysis, though there is litifgpsrting operating data from large-
scale commercial facilities. Also, the energy producfrom WTE incinerators
represents new state-of-the-art facilities, not fderdfacilities currently operating in
MA. On the other hand, the estimated energy potentiahdlfills reflects older style,
less efficient, combustion equipment. Estimatesebfenergy potential from the capture
and burning of landfill gases can be well over 200 kWh perawoa,an effort is currently
under way to improve the performance of internal combngngines burning landfill
gases.

D. Scenario Modeling Results

Using the MEBCalc model emission factors described glibuvee scenarios were
modeled to assess the relative environmental and enepggtsof alternative waste
management practices for managing the Commonwealth’e waiseam through the year
2020. As described more fully below, Scenario 1 positshange in management
practices or the fraction of waste diverted over throde Scenario 2 assumes enhanced
recycling and composting programs but no new technologhate ®cenario 3 includes
both the enhanced diversion efforts from Scenario 2tpkigtroduction of new
alternative technologies — namely gasification and/oolggrs facilities — to manage
some of the waste stream.

Scenario 1: Business-As-Usual, 2006 Practices Extended

Scenario 1 draws its major assumptions from DES®l&d Waste Master Plaand the
2006 Solid Waste Data Update. The Massachusetts wastessrassumed to grow 2%
per year through 2020. The diversion rate from recyclingcangposting is assumed to
keep pace with the growth in the waste stream and 52308 levels on a percentage
basis. No alternative technology facilities are as=tto be operating in Massachusetts
in 2020. The existing incineration capacity (roughly 3.1 millioms per year) is expected
to remain in place, but in-state landfill capacity istased to decrease from 1.9 million
to just 630,000 tons per year by 2020. Massachusetts incineagiaeity is assumed to
manage MSW components of the waste stream, whileSdll Waste is assumed to be
landfilled. In terms of waste management, the albsarowth in the post-diversion
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waste stream requiring processing or disposal (from 7.®miibns in 2008 to 9.8
million tons in 2020) means that unless additional dispoegaédcity is built, waste in
excess of MA capacity (about 6 million tons) will beperted®®

Scenario 2: Enhanced Diversion, No Alternative Technologies

This scenario also uses a 2% per year growth rateichwsaste generation. As in
Scenario 1, existing incineration capacity (roughly 3.1 omllions per year) is expected
to remain in place for MSW, and in-state landfill capais assumed to decrease
significantly to 630,000 tons per year by 2020. However, enhaecgdling and
composting rates that reflect the “realistic potehtialersion for recyclable and
compostable materials are assurfietihus, the post-diversion waste stream is reduced
from 7.3 million tons in 2006 to 6.8 million tons in 2020 (apased to growing to 9.8
million tons in Scenario 1). The three million tonlwetion means that far less new
capacity or waste exports (about 3 million tons) aegpiired. No alternative gasification,
pyrolysis or anaerobic digestion facilities are asstito be operating in 2020 to manage
this material.

Scenario 3: Enhanced Diversion with Alternative Technology Fadtles

This scenario is identical to Scenario 2, except thatiides new gasification and/or
pyrolysis facilities by 2020. Thus, waste generation gr@¥er year, enhanced waste
diversion programs are successfully implemented, 3.Ilomilbns of existing

incineration capacity remains in place to process M&wWl, landfill capacity declines
precipitously to 630,000 tons per year by 2020. All C&D contirtad=e landfilled,

mostly outside of Massachusetts. Scenario 3 assumiesfitihe post-diversion waste, all
MSW not sent to Massachusetts WTE facilities, oroshi.9 million tons per year, is
managed by new gasification and/or pyrolysis facilitidsisl this scenario assesses the
relative environmental and health implications as a&lihe additional energy generation
potential of managing a significant fraction of the M&& opposed to C&D) with these
new technologies.

%2 |n these scenarios the post recycling/composting tormeagiring disposal includes material used for
landfill cover, called “Other C&D Diversion” in MA DEB2006 Solid Waste Data Update on Beyond
2000 Solid Waste Master Plan

83 virtually all of the exported waste is assumed to hefiled. This is consistent with Tables 14 and 15 of
the 2006 Solid Waste Data Update onBegond 2000 Solid Waste Master Phand discussions with DEP
staff in September 2008 interpreting the disposition otevesport data.

64 “Realistic potential” figures were defined and estirdateTellus Institute’s 2003 report for MA DEP,
Waste Reduction Program Assessment and Analysis for Massachilsestsrates are informed by state
and local programs around the U.S. that employ “bestipeattand achieve high levels of diversion.
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Emissions Impacts

Scenario 1 represents a “business as usual” approachGotm®onwealth’s waste
management through the year 2020. With current WTE facéipacity remaining in
place, landfill capacity declining sharply, no new aitgive technology facilities in
place, and no change in current recycling/composting dorerates (46.6%), continued
growth in overall waste generation means that theuatnaf waste requiring disposal in
2020 will increases to about 9.8 million tons in 2020. ithenhanced upstream
diversion efforts or the addition of new in-state nggamaent capacity, net waste exports
would need to increase dramatically from about 1.3 milimTs to about 6 million tons.
The degree to which this level of out-of-state capacitiybg available in 2020 is
uncertain.

The main difference between Scenario 1 and Scenariod 2 & the level of upstream
diversion through recycling and composting. The enhancedlieg and composting
efforts assumed in Scenarios 2 and 3 increase the dweas®from almost 47% to over
62%. This significantly reduces the disposal stream thst e managed and its
associated emissions and energy use. Scenario 3 difer$Scenario 2 by introducing
new gasification and pyrolysis facilities and shiftihg .9 million tons of the non-C&D
portion of the disposal stream from landfills to these thermal processing
technologies. Thus, the faction of the waste strinatis landfilled is reduced by about
half, from almost 21% in Scenario 2 to less than 11%cenario 3, with this 10% of the
waste stream assumed to be managed by gasification agsg/facilities by 2020.

From an emissions standpoint, as Table I1I-4 demonstfseesfollowing page),
Scenario 1 produces significantly lower environmental benestthan the other
scenarios across all categories considered. This is drivey the fact that there is not
an enhanced recycling program in Scenario 1 and the disposateam is about 3
million tons more than in the other scenarios Thus, in this scenario the
Commonwealth would not reap the full benefits of dimj the upstream emissions of
materials and products that could be recycled or composteghatr levels. For most
categories, emission reductions are between onamalfwo-thirds of the reductions
achieved in the other scenarios. For,Clbwever, reductions are about 73% as much as
in Scenarios 2 and 3, as the per ton benefits of lindfmute the impact of the larger
disposal stream. For particulates, Scenario 1 perfparigularly poorly, achieving a
third or less of the emission reductions of the othemaes, due largely to the
uncontrolled emissions from landfill operating and galoustion equipment.

The emissions profiles for Scenarios 2 and 3 are wamias for virtually all emissions
categories. Except for particulates, where Scenarahigees 18% greater emission
reductions than in Scenario 2, again due to less usediffllaquipment, the two
scenarios produce emission reductions of the other palutathin 5% of each other. As
mentioned, C@emissions are lower in Scenario 2 due to the greaterti@asin
greenhouse gas emissions provided by landfilling compared watficgiion and
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pyrolysis. Given the significant differences in pan tamissions for certain pollutants
between landfills and gasification/pyrolysis facdgj the relatively small differences in
the overall emissions profiles of Scenarios 2 and 3 lbeagomewhat surprising. The
impact on overall emissions is limited because thdifnraof waste shifted from
landfilling to gasification and pyrolysis is only about 10%ihe total waste stream. Thus,
the emissions associated with the large fractionefithste stream that is recycled/
composted (62%) and incinerated in conventional wastedxgg facilities (17%) in both
scenarios has a determinative impact on the ovaradisions profile.

Though the overall differences are small, the shifthgaste from landfilling to
gasification and pyrolysis facilities that occurs ge8ario 3 results in lower overall
emissions for all pollutants except e£Orhis is consistent with the discussion of per ton
emissions factors for the various waste managemeioaigtin which landfills reduce
eCQ emissions to a greater extent than WTE incinesatothe alternative thermal
technologies.
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Table IlI-4: Scenario Emission Impacts

% of Waste Human Health - | Human Health - | Human Health- Ecosystems
2020 Scenario Post-Diversion Technology Tdns Managed Stream Climate Change Particulates Toxics Carcinogens  |Eutrophication  |Acidification Toxicity
(eCO2) (ePM2.5) (eToluene) (eBenzene) (eN) (eS0O2) (e2,4-D)

) Recycled/Composted 8,537,028 46.6% (8,949,381) (12,464) (3,312,275) (1,135) (2,989) (36,131) (10,542)
Ege&zzo;iversion Landfilled w/ 75% + Energy 6,690,532 35.9% (1,433,889) 7,470 875,678 0 343 7,611 771
No Alt Tech Modern WTE Incineration 3,100,000 17.5% (64,544) (164) 113,550 3 7 (120) 484

Totals 18,327,560 100.0% (10,447,814) (5,158) (2,323,047) (1,131) (2,638) (28,640) (9,286)

) Recycled/Composted 11,395,364 62.2% (13,834,435) (18,527) (5,598,739) (2,271) (5,380) (57,545) (15,661)
,\SA‘;?FTL']?T]ZDNHQO” Landfilled w/ 75% + Energy 3,832,196 20.9% (698,727) 3,536 454,292 0 194 3,970 423
No Alt Tech Modern WTE Incineration 3,100,000 16.9% (7,991) (33) 112,976 3 15 (234) 483

Totals 18,327,560 100.0% (14,541,153) (15,024) (5,031,47 1) (2,268) (5,171) (53,809) (14,754)
Recycled/Composted 11,395,364 62.2% (13,834,435) (18,527) (5,598,739) (2,271) (5,380) (57,545) (15,661)
Scenario 3 Landfilled w/ 75% + Energy 1,955,335 10.7% (441,634) 1,108 204,081 0 97 1,797 197
Maximum Diversion  |Modern WTE Incineration 3,100,000 16.9% (7,991) (33) 112,976 3 15 (234) 483
Plus Alt Tech Gasification/Pyrolysis 1,876,861 10.2% 36,760 (243) (1,392) ) (47) (855) 20
Totals 18,327,560 100.0% (14,247,299) (17,696) (5,283,07 4) (2,268) (5,315) (56,837) (14,891)
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Energy Impacts

In terms of the net energy potential, the fractiowaste recycled or composted has a
dominant impact on the overall system energy profitafothree scenarios. This is due
to a combination of the size of the recycled/compostedersiream (47% in Scenario 1,
62% in Scenarios 2 and 3), plus the high energy savingspef thverted waste.

As summarized in Table 1lI-5, in 2020 Scenario 1 has @metgy potential of almost 22
million MWh, over 88% of which is related to the enesgyvings from recycling/
composting. The assumed enhanced recycling/compostingiastiai Scenarios 2 and 3
boost the overall solid waste management system'snegy potential by about 6.1
million MWh or 28% over Scenariol. Introducing the gaation and pyrolysis

facilities in Scenario 3, described above, and shiftogG@&D MSW from landfills to
these new thermal treatment facilities increasesativeet system energy potential by an
additional one million MWh.

Table I1I-5: Scenario Energy Impacts

2020 Scenario Post-Diversion Technology pons Managed H Wh/Ton MWh Potential
Scenario 1 Recyqled/Composted 8,537,028 2,250 19,208,313
No Max Diversion Landfilled w/ 75% + En_ergy 6,690,532 105 702,506
No Alt Tech Modern WTE Incineration 3,100,000 585 1,813,500
Totals 18,327,560 21,724,319
Scenario 2 Recycled/Composted 11,395,364 2,250 25,639,568
. . : Landfilled w/ 75% + Energy 3,832,196 105 402,381
Maximum Diversion - -
No Alt Tech Modern WTE Incineration 3,100,000 585 1,813,500
Totals 18,327,560 27,855,449
Recycled/Composted 11,395,364 2,250 25,639,568
Scenario 3 Landfilled w/ 75% + Energy 1,955,335 105 205,310
Maximum Diversion Modern WTE Incineration 3,100,000 585 1,813,500
Plus Alt Tech Gasification/Pyrolysis 1,876,861 660 1,238,728
Totals 18,327,560 28,897,107

As with pollutant emissions, the scenario energy ingpotnt to the significant net
energy benefits of broadening and strengthening the Comnadithiserecycling and

composting diversion programs and the relatively modestiaaal benefits associated
with shifting non-C&D MSW from landfills to new thermptocessing facilities.
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IV. Successful Waste Reduction / Materials Manageme nt
Experience Elsewhere

A. Background

The Massachusetts Solid Waste Master Plan continudentify waste reduction as the
highest priority at the top of the solid waste managermerarchy. This section of the
report focuses on waste reduction and reuse activity throti¢lwoth America and
internationally. It is intended to provide an undandtag of the leading programs and
techniques for solid waste reduction implemented in oth&dijctions, as a means of
informing DEP as to the most promising techniques, polamnesprograms to consider
for its next revision of the Master Plan. The follogrsummary draws heavily from
recent reviews the Project Team completed for thehiiggon State Department of
Ecology and the Oregon Department of Environmental Quétitgarrying out this
research, the Project Team conducted a literature regemined program reports, and
interviewed selected program managers to gain a full utasheliag of the scope and
impacts of the various efforts.

As outlined below, we have identified six major stratedoe waste reduction and reuse
activities and have organized the detailed review in Appehdixcordingly. They are:

Resource Productivity Improvements
Alternative Business Models

Public Awareness and Action
Economic Incentives

Regulatory Requirements

Government Leadership by Example

For each strategy, we have summarized and assessedrevitansidered to be among
the most successful programs. In addition, the detaladw in Appendix 1 is organized
by jurisdiction, providing descriptions of the various proggameach location.

To provide an additional perspective to policymakers aomog the nature and target of
the programs reviewed, the Project Team has identifreg tbroad categories of waste
reduction strategiesupply-sideefforts that focus on waste prevention in the producti
and sale of goods and services by manufacturers and e@darand-sideinitiatives

that address sustainable consumption opportunities by corsamgecommunities, plus
policy-side efforts by government through legislation, regulation prodyrammatic
initiatives. This framework is intended to help DEP cdesiand prioritize the alternative
strategies most appropriate for Massachusetts.
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B. Scope of Review

The review of waste reduction and reuse efforts outditldassachusetts is intended to
provide DEP with an understanding of the successful progaachsechniques for solid
waste prevention implemented in other jurisdictionqeW.S. and internationally. It
focuses heavily on state-level programs, as these avithdst relevant to the needs of
DEP. In addition, our review pays special attentiorstestainable consumption”
initiatives in Europe. The working definition of sustairbbnsumption, produced at the
1994 Oslo Roundtable on Sustainable Production and Consumpstediby the
Norway Ministry of the Environment, is “the use of\gees and related products which
respond to basic needs and bring a better quality of lifdewtinimizing the use of
natural resources and toxic materials so as not to jeapaid needs of future
generations.” These European initiatives are at thiengiedge of waste prevention
efforts and address deep issues concerning values and lildstides. Their potential
for waste reduction goes far beyond conventional programs.

The review encompasses leading national and internhtoha waste prevention and
reuse programs in order to provide a thorough understandthg pbssibilities and
effectiveness of “best practices.”

Waste Prevention Programs Reviewed

Ultimately, our review included the following North Ameait waste prevention
programs:

- Alameda County Waste Management Authority & RecyclingrBoa

- California Integrated Waste Management Board

- Florida

- King County, Washington

- Maine

- Minnesota Office of Environmental Assistance, Product Stdghip Initiative

- New York City, Bureau of Waste Prevention and Recycling

- Oregon Department of Environmental Quality

- San Francisco, California

- Seattle, Washington

- Vermont Builds Greener Program

- Washington State Department of Ecology, Beyond Wasigr®m

- Alberta

- British Columbia, Canada, Product Stewardship Program

- Canadian National Office of Pollution Prevention, éhded Producer
Responsibility, Life Cycle Management, and Eco-LabelinggRams

- Ontario

Internationally, programs considered include:
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- European Commission, proposed new strategy for wasteriren

- European Union, Sustainable Consumption initiatives

- Germany, Packaging Ordinance, Green Dot, Integrated PrBdlicy, and
Sustainable Consumption Program

- Netherlands, Extended Producer Responsibility Program

- United Kingdom, Waste Prevention Project of the Natiétedource & Waste
Forum

In addition, our literature review drew on several kegamizations active in the waste
prevention arena, including the U.S. Green Building Cowardl U.S. EPA.

This represents a plethora of waste prevention and peageams that have been
developed and tested in the U.S. and abroad in recemst Jidwse include leasing and
“servicizing,” sustainable consumption efforts, environratypreferable purchasing
(EPP), extended producer responsibility (EPR), grasscyalidgeriscaping, on-site
management/reuse of organic waste, remanufacturing, ird@stology, materials
exchanges, paper reduction efforts, policy and legislatitiatives, and many others.
Programs are often defined by location (home, offidepalcor campus), sector
(construction, hospitality, auto) or by product/matepalckaging, paper, mercury).
Many of the most successful programs involve partnersimosig government, business,
and consumers.

For purposes of this report, we have organized these progremsx major strategies:

Resource Productivity Improvements
Alternative Business Models

Public Education and Awareness
Economic Incentives

Regulatory Requirements
Government Leadership by Example

We have identified three broad categories of waste tiedustrategysupply-sideefforts
that focus on waste prevention in the production andssajeods and services by
manufacturers and retailers (Resource Productivity Imprem&srand Alternative
Business Modelsdemand-sideinitiatives that address sustainable consumption
opportunities by consumers and communities (Public Awaseard Action), plus
policy-side efforts by government through legislation, regulation prodyrammatic
initiatives (Economic Incentives, Regulatory Requieats, Government Leadership by
Example). Note that it is not uncommon for a jurisdic®s waste prevention or reuse
initiatives, or even a single program, to fall withioma than one of these categories.

In considering the leading programs under each categasymportant to keep in mind
that the individual program elements are related toaoo¢her and, as MA DEP has done
in the Master Plan, they should be seen as partolierent and well-coordinated overall
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strategy. The synergies among programs can be juspastant as the individual
programs. For example, Design for Environment effarésoften at least partially
motivated by Extended Producer Responsibility (EPR) requinesnenhanced
environmental reporting requirements (life-cycle and suppéin included), or other
initiatives.

Appendix 1 reviews, evaluates and summarizes the mosantlaformation and
experiences regarding each of the six major stratégge OEP should consider in
expanding and enhancing its waste reduction and reuse prodtasgnportant to note
that many of the waste prevention and reuse programgadictes reviewed here are
relatively new and few have been systematically evatliby either the agencies
responsible for their implementation or independenheigs. Moreover, as mentioned
above, waste prevention is often difficult to measamd quantify. Thus, many findings
are more qualitative than quantitative, though our revi@s to identify organizations
and programs that appear to be most effective and b#dvest models for further reuse
and waste prevention efforts.

C. Waste Reduction Experience - Summary Findings

Individual waste reduction and reuse programs should be tegrated in a
coherent overall strategy to maximize effectivenessStand-alone elements
such as education or technical assistance for home ctngpdsr example, are
much more effective when combined with economic or gaficentives such as
Pay-As-You-Throw pricing or disposal bans. Similarly, tecahassistance
efforts for Design for Environment programs have greiatpact in the context of
Extended Producer Responsibility (EPR) programs or requirtsimieor
maximum impact, strategies should incorporate supply-del@and-side, and
policy-side initiatives in a consistent and mutually reiaing framework.

Sustainable consumption initiatives, such as those underway Europe, offer
significant waste prevention potential well beyond the levels currently deemed
achievable in the U.S. The potential is greatest wheréottus is not limited to
technological improvements and dematerialization, lmltides consideration of
values and lifestyle changes such as downsizing of lipages increased
reliance on public transit and car-sharing rather tharagivehicle ownership,
and adopting life-cycle and precautionary approaches assamer of goods and
services.

Focus on priority materials and/or sectorsbased on waste reduction potential
assessment, including both prevention and reuse. Intorgeioritize their
programmatic resources and achieve the “best bang fbutiié from waste
reduction initiatives, Massachusetts and a few othégsstancluding Washington,
have targeted materials and sectors based on tonmagmirgg in the disposal
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waste stream and their waste reduction potential. Then@mwealth’'s
programmatic focus on commercial and residential orgaamd certain C&D
wastes is informed by this approach. Washington has a similas on C&D
waste, which accounts for 25% of annual waste generatitwe state, and
organics, which comprise another 25% of that state’s amgaunaration.

Economic instruments such as taxes or fees should be paftthe mix, but
should be linked to long-term waste reduction goals in ¢néext of increasing
resource productivity. Getting price signals right for goad services by
including environmental externalities is an important ele@nfi@ achieving the
structural changes in the economy that are required te toovards a sustainable
production and consumption system.

Measuring effectiveness of waste prevention programs is clexhging but
important. The old sayings “what gets measured gets done” and “meakate w
matters” hold some truth. Measurement of waste ptéweis critical for

gauging progress and for targeting program efforts and resowafortunately,
waste prevention measurement is often quite challengintpdseveral factors.
First, for educational and other programs, direct measmwenare generally
infeasible and alternative metrics must be used agxg;psuch as the numbers of
people reached by a certain program. Second, there arefacéong that impact
the generation of waste, such as changes in generalreicocmnditions. While
some of these can often be addressed by normalizing théb@d@ed on economic
activity levels, for example), there is often a lalgood baseline data for
comparison. And third, there is often a time lapse betwtke initiation of waste
prevention programs and their impact, such as Desigarferonment efforts to
increase durability of appliances. Nonetheless, a nuaflerisdictions (e.g., the
OECD) have identified meaningful metrics for a varietyaste prevention
techniques and DEP should consider doing so.

Government partnerships with the private sector, NGOs anather
stakeholders are critical for the successful developmeand implementation

of waste reduction and reuse programsPolicies and programs developed by
government agencies without meaningful involvement by tieeos, businesses,
and other organizations ultimately responsible for chmgntheir production or
consumption patterns will not gain the support necedeamsffective
implementation.
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Resource Productivity Improvement Findings

Many Resource Productivity Improvement programs, in pdaticpollution
prevention and light-weighting, have already proven thighly effective in
preventing waste.

Emerging approaches such as industrial ecology and dealiagion through
micro- and nano-technology hold enormous promise, buagpeopriate role of
government and level of public effort have not yet besimedy worked out.

Alternative Business Models Findings

The range of Design for Environment (DfE) experienchcetes that incentives
are key for getting manufacturers to redesign their prodoiceduce waste,
toxicity, or other environmental impacts. To the exf@sdsible, standardizing
environmental purchasing criteria beyond an individual muaittypor even state
would ease the burden on manufacturers and suppliers &imgevaste
prevention and other environmental criteria.

To date, public policy has played little role in promoting/gézing (selling a
service or a function rather than a product). Therdnaveever, a number of
possible government policy initiatives (e.g., removal ofimi material and
disposal subsidies, or tax policy which favors producet customer, ownership
of durable goods) that could help realize the potential envieotahgains
associated with product-based services.

Public Awareness and Action Findings

The most effective programs appear to be those thardavell integrated into a
larger strategy; (b) identify clear priorities; (cgdinked to quantitative and
achievable waste reduction targets or goals, especi#tigse were developed
through an inclusive stakeholder process; (d) include kitgaenechanism to
measure success; and (e) relate to or are motivatedbgt@ry requirements.

The effectiveness of public awareness and education pnegsahighly
dependent on the level of resources these programseecei

Economic Incentives Findings

Coupled with other initiatives, Resource Management (Raht@&cting holds
considerable promise as a means to help transform tte wenagement
industry into a waste prevention and materials manageindudtry. While RM
Contracting is still relatively immature, program rigstio date primarily show
enhanced material diversion rates. As new contractonsegaerience and the

Materials Management Options for MA Solid Waste Master Plan Review Final Report

7



RM industry matures over time, the strategic alliarficesied may enable RM
contractors to influence upstream decisions related wuptaesign and material
choice, use, and handling, not just disposal practices.

Pay-As-You-Throw programs for the municipal (residensaljtor are already
being implemented by more than 120 Massachusetts commuhNitiestheless,
most of the largest cities in the Commonwealth haotenstituted PAYT and
based on the experience of other jurisdictions, therebmapportunity to refine
implementation strategies to make it even more a¥iect

Regulatory Requirements Findings

EPR programs offer governments a tool to shift resportgiliali end-of-life
product management by internalizing the external enviroraheosts of goods
and services, and are a means to help reshape how sbaiks/about production
and consumption behavior.

While many programs do not systematically track their @pstvention impacts,

and it is difficult to do so, establishing reduction targets an accepted method

for tracking progress can be an effective way to napéilbusinesses, consumers,
and agency staff responsible for program implementation.

Government Leadership by Example Findings

One of the greatest successes of Government LeadersBxyahple programs is
in the area of Environmentally Preferred Purchasing (EP#) Commonwealth’s
Operational Services Division operates the extensiveBR program, a leader
nationally, and the breadth of products and services intludgie MA program
and others should continue to grow.

The public sector in MA and other states has had caaditdesuccess in the
green building area, and as states’ experience hasgsttemany have moved
from an EPP focus to an integrated design approach irhwiecwhole building
is looked at as an integrated system from the oufdas will result in greater
environmental benefits, including in the C&D waste reduci@aa.
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