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’ INTRODUCTION

The U.S. Environmental Protection Agency (EPA) estimates
that 135 million metric tons (1 t = 1Mg) of municipal solid waste
(MSW) were discarded in U.S. landfills in 2008.1 While efforts to
reduce waste generation and to manage waste by recycling and
composting will continue, landfills remain a significant compo-
nent of waste management infrastructure. It is therefore impor-
tant to understand the impacts of landfill disposal on a material’s
environmental performance. There are currently 503 landfills in
the U.S. at which the gas is converted to energy2 and an estimated
additional 545 landfills at which energy recovery is viable.3

Nonetheless, as a result of gas generated prior to installation of
gas collection systems, and fugitive emissions, landfills are
estimated to be the second largest source of anthropogenic
methane emissions in the U.S.4 Recently, efforts have been made
to develop biodegradable materials because they are assumed
to be “greener” alternatives. Poly(lactic) acid (PLA), which is
manufactured from agricultural products as opposed to petro-
leum, is one such material that has found use in disposable cups,
cutlery, and other food service applications.5 While material
biodegradability will reduce the volume occupied in a landfill,
an evaluation of the environmental performance of a new
material must include the production, use, and disposal phases
of the product life-cycle. In recent work, the effect of the rate of
methane generation from individual MSW components was

combined with a hypothetical schedule for landfill gas collection
to illustrate the importance of incorporating waste component-
specific decay rates in analyses of the fraction of generated
methane that is collected.6

To the extent that environmental performance at the end-of-
life is a factor in the development and selection of materials to be
used in various products, manufacturers must have an under-
standing of the national disposal infrastructure as opposed to
performance in a specific landfill. The objective of this study was
to develop and parametrize a landfill life-cycle model to represent
national average conditions. The model was parametrized to
represent landfills with and without gas collection, and landfills
that flare or use the collected gas beneficially. Landfills operated
under a range of environmental conditions (i.e., arid, moderate,
wet, and bioreactor) were considered and the model was used to
study the behavior of materials that biodegrade at relatively fast
(food waste), medium (biodegradable polymer) and slow
(newsprint and office paper) rates. The goal of this study is to
provide guidance to manufacturers on environmental performance
during landfill disposal that reflects U.S. landfill infrastructure.
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ABSTRACT: There is increasing interest in the use of biode-
gradable materials because they are believed to be “greener”. In
a landfill, thesematerials degrade anaerobically to formmethane
and carbon dioxide. The fraction of the methane that is
collected can be utilized as an energy source and the fraction
of the biogenic carbon that does not decompose is stored in the
landfill. A landfill life-cycle model was developed to represent the behavior of MSW components and new materials disposed in a
landfill representative of the U.S. average with respect to gas collection and utilization over a range of environmental conditions (i.e.,
arid, moderate wet, and bioreactor). The behavior of materials that biodegrade at relatively fast (food waste), medium
(biodegradable polymer) and slow (newsprint and office paper) rates was studied. Poly(3-hydroxybutyrate-co-3-hydroxyoctanoate)
(PHBO) was selected as illustrative for an emerging biodegradable polymer. Global warming potentials (GWP) of 26, 720,�1000,
990, and 1300 kg CO2e wet Mg�1 were estimated for MSW, food waste, newsprint, office paper, and PHBO, respectively in a
national average landfill. In a state-of-the-art landfill with gas collection and electricity generation, GWP’s of �250, 330, �1400,
�96, and �420 kg CO2e wet Mg�1 were estimated for MSW, food waste, newsprint, office paper and PHBO, respectively.
Additional simulations showed that for a hypothetical material, a slower biodegradation rate and a lower extent of biodegradation
improve the environmental performance of a material in a landfill representative of national average conditions.
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’MODELING APPROACH

A landfill life-cycle model was developed to estimate green-
house gas (GHG) emissions attributable to the disposal of
biodegradable materials in landfills. The model was used to
analyze the behavior of MSW and a range of illustrative materials
that exhibit varying biodegradation rates to study the effect of
biodegradability on environmental performance. Both point
estimates and Monte Carlo analyses were conducted. For
MSW, the waste composition was based on U.S. EPA, 2009.1

Landfill Model. An estimate of the global warming potential
(GWP) attributable to the disposal of materials in a landfill
requires consideration of landfill construction, operations, final
cover placement, gas and leachate management, and long-term
maintenance and monitoring (eq 1).

totalGWP ¼ constructionCO2 þ operationsCO2 þ f inalcover CO2

þ leachatemgmtCO2 þ longtermmonitoring CO2

þ 25�fugitivemethane� electricityof f sets

� 44
12

� �
Cstored ð1Þ

Each of the terms in eq 1 are in mass units (kg). GHG
emissions associated with all aspects of the landfill except gas
management and carbon storage have been shown to be small
relative to these parameters. As such, emissions for landfill
construction (1.4 kgCO2eMg�1), operations (3.9 kgCO2eMg�1),
final cover placement (1.2 kg CO2e Mg�1), leachate manage-
ment (0.31 kg CO2eMg�1) and long-termmaintenance (0.06 kg
CO2e Mg�1) were adopted from Camobreco, 1999.7 The GHG
emissions and sinks associated with gas management and the
storage of biogenic carbon were developed in this study with
carbon storage factors adopted from Staley and Barlaz, 2009.8

Landfill gas generation was modeled using a first order decay
model as in the EPA’s LandGEM model.9 The decay rate (k) is
dependent on climate and landfill operation strategy (traditional
vs bioreactor). Thus, the fraction of waste disposed in U.S.
landfills was divided into three climate categories for traditional
landfills (arid, moderate, wet) to reflect differences in k asso-
ciated with moisture. Bioreactor landfills, in which leachate and
sometimes other liquids are recirculated to increase k, were
considered as a fourth category. The mass of total waste disposed
into each landfill category was adopted from U.S. EPA, 2010.4

Table 1 presents the parameters associated with each landfill
category. The mass of waste disposed in bioreactor landfills was
assumed to be 10% of the mass disposed in U.S. landfills and this
mass was subtracted from themass disposed inmoderate and wet
landfills as described in Table 1. In each of the three traditional
landfill categories, there are landfills that (1) do not collect gas,

(2) flare the gas, and (3) use the gas for energy. The percentage of
waste in landfills with gas collection and the percentage of these
landfills with energy recovery were calculated using EPA esti-
mates for methane generation (12.4 million Mg), flared (3.3
millionMg), and combusted for energy (3.3 millionMg).4 Based
on the assumption that landfills collect 75% of the generated gas,
the EPA GHG Inventory4 estimates that 69% of landfilled waste
was disposed in landfills with gas collection (flared or converted
to energy) and 50% of that waste was disposed in landfills with
energy recovery. It was assumed that all bioreactor landfills were
included in the 69% of landfills that collect gas, which results in an
estimate that 66% of waste in traditional landfills is disposed in
landfills with gas collection. It is recognized that there is un-
certainty in these estimates and the sensitivity of these assump-
tions is explored with the results.
In contrast to LandGEM,9 in which MSW is treated as one

substrate, the k andmethane yield (L0) of eachMSW component
was modeled separately to study the influence of biodegradability
onmethane generation and subsequent collection and emissions.
Component-specific decay rates were calculated as described in
De la Cruz and Barlaz, 2010.6 Calculation of component-specific
decay rates requires specification of a bulk MSW decay rate as
given in Table 1.
For waste in landfills that utilize the methane beneficially, it

was necessary to estimate the period over which there was
sufficient gas to operate energy recovery equipment. First, it
was assumed that all recovered methane is converted to electrical
energy although in practice some gas is used directly in industrial
boilers along with other beneficial uses. Second, it was assumed
that landfills could only generate electricity while the gas flow rate
was above 0.236 m3 s�1 (500 ft3 min�1) at 50% methane. For
each landfill category, the length of time that the landfill gas flow
was above this threshold was determined by modeling methane
generation for a 2100 Mg day�1 landfill that accepted waste for
40 years at the decay rates given in Table 1. As the decay rate
decreases, the length of time over which gas generation is above
the 0.236 m3 s�1 threshold increases and of course, this time
would increase if the waste acceptance rate was higher. All
calculations were based on a 100 year time horizon at which
point a landfill would have produced most of its methane
(Table 1). For landfills that utilize the gas for energy, the gas
produced at a rate lower than the aforementioned threshold was
assumed to be flared between the threshold year and year 100.
Landfill gas collection systems are installed in part based on

the age of the landfill cell. This means that waste buried earlier in
the cell’s life will be under gas collection for less time than waste
buried later in the cell’s life. It is therefore necessary to temporally
average the collection efficiency for each year of cell operation.

Table 1. Properties for Mix of U.S. Landfill Facilities

landfill type

annual precipitation

(cm)a
decay rate

(yr�1)

percent of

waste receivedb
no. of years gas is collected

for energy generationc
percent of gas generated

in 100 years

arid <51 0.02a 20.0 100 82

moderate 51 < x < 102 0.038a 28.9 76 94

wet >102 0.057a 41.1 59 98

bioreactor N/A 0.12d 10.0 39 99.9
a FromU.S. EPA, 2010.4 bThemass of waste disposed in bioreactor landfills was assumed to be 10%. This mass was subtracted from themass disposed in
moderate and wet landfills in equal proportions, after which the fraction disposed in each category was corrected. The original mass disposal by category
was adopted from U.S. EPA, 2010.4 cCriteria to estimate this value are described in the text. d Judgment based on values reported in Barlaz et al., 201020

and Tolaymat et al., 2010.21
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Gas collection schemes were based on the assumption that a
typical cell life is 5 years and that no gas collection is in place for
the first two years of cell operation (6 mo for bioreactors).
Further, the collection efficiency prior to cell closure and
intermediate cover installation is 50% (i.e., years 3�5, or
0.5�3 years for a bioreactor). After cell closure at the end of
year 5, the collection efficiency is assumed to be 75%. It is
further assumed that 10 years after final waste placement (i.e.,
15 years after initial waste placement), a final cover is installed
and the gas collection efficiency increases from 75% to 95%.
This gas collection system installation schedule was used to
calculate a temporally averaged gas collection efficiency which
is the volume of gas collected divided by the volume of gas
produced over 100 years as it applies to the 5 years of waste
buried in a single landfill cell. All of the gas collection system
default values can be varied in the model as described with the
Results and Discussion.
Some fraction of the uncollected methane is oxidized to CO2

as it passes through the landfill cover. Ten percent oxidation
was assumed as recommended in the U.S. EPA’s AP-42
database10 and as used in the U.S. GHG inventory.4 It is likely
conservative as other studies estimate methane oxidation of
22�55%.11When electrical energy is recovered, it is assumed to
offset coal and natural gas generation at 72.5% coal and 27.5%
natural gas, which represents the adjusted proportion of each
fuel on the national grid.12 This leads to a CO2 offset of 1.02 kg
CO2e kWh�1. Methane was assumed to be converted to
electricity using a heat rate of 11.6 MJ/kWh, which was
developed from vendor literature. Finally, the mass of methane
was multiplied by 25 to express as CO2e using the 100 year
warming potential.13

Modeling of Individual Waste Components. In addition to
MSW, the analysis was conducted for four individual materials to
illustrate the effects of decay rate and methane yield on GHG
emissions from waste materials. The four materials were food
waste, newsprint, office paper, and poly(3-hydroxybutyrate-co-3-
hydroxyoctanoate) (PHBO) (C13H21O4). The properties for
each material are shown in Table 2. Several material properties
for PHBO had to be developed including the methane yield,
decay rate, and carbon storage factor (CSF). The theoretical
methane yield for PHBOwas calculated to be 755mL g PHBO�1

using the Buswell equation as cited in Parkin and Owen, 1986.14

This value was adjusted using the average mineralization of
45.2% measured in a reactor study,15 resulting in an effective
ultimate yield of 341 mL g PHBO�1. Equation 2 was used to
estimate a decay rate for PHBO that is applicable at field-scale

using laboratory-scale decay rates for MSW and PHBO.

kf , phbo ¼ kf ,MSW
k1, phbo
k1,MSW

ð2Þ

where, kf,phbo is the field-scale decay rate of PHBO, kf,MSW is the
field-scale decay rate ofMSW, kl,phbo is the laboratory-scale decay
rate of PHBO, and kl,MSW is the laboratory-scale decay rate of
MSW. The laboratory-scale decay rates for PHBO and MSW
were estimated by regression analysis of the data in Federle et al.,
2002.15 ForMSW, the regression was performed on the log of the
difference between total methane production and each genera-
tion value (Figures S1�S4 of the Supporting Information (SI)).
The decay rate for PHBO was determined by analyzing the
mineralization rate. Since PHBO mineralization stabilized much
sooner than total CH4, the regression was only performed on the
data up to day 77.9 at which time decay had essentially ceased (SI
Figures S5�S8). It should be noted that this is an upper estimate
for the decay rate of PHBO, since the PHBO was ground before
testing and the other materials were shredded to about 2� 5 cm.
Table 3 shows the laboratory decay rates forMSW, PHBO and

the ratio between them. The ratio was used to estimate the decay
rate of PHBO in actual landfill environments for each landfill
category (Table 2). A CSF for PHBO was determined using its
carbon content (647 kg C Mg�1) and reported mineralization
(45.2%), resulting in an average CSF of 356 kg C Mg PHBO�1

with a range of 307 to 381 based on the reactor data.15

Sensitivity Analysis. Many of the input values in this model
are uncertain. For example, it is difficult to estimate the fraction
of waste disposed in landfills with gas collection (point estimate
69%), as well as the fraction of this waste that is in landfills with
energy recovery (point estimate 50%). In contrast to these point
estimates, data voluntarily submitted to the Landfill Methane
Outreach Program (LMOP) database2 suggest that 84% of waste

Table 2. Material Properties for Food Waste, Newsprint, Office Paper, PHBO, and MSW

material moisture content (%) field decay rate (yr�1)a methane yield (m3 dry Mg�1)b carbon storage factor (kg C dry Mg�1)b

food waste 70 0.144 300 80

newsprint 6 0.033 74.3 420

office paper 6 0.029 217 50

PHBO 0 0.072 341 356

MSWc 21 N/Ad 67.2 125
aThe field-scale decay rates for food waste, newsprint, and office paper were adopted fromDe la Cruz and Barlaz, 20106 and are based on a decay rate of
0.04 yr�1 forMSW. The decay rate for PHBOwas estimated as described in the text, and also based on a decay rate of 0.04 yr�1 forMSW. bThemethane
yields and carbon storage factors for MSW, food waste, newsprint and office paper, were adopted from Staley and Barlaz, 2009.8 The corresponding
values for PHBO were estimated as described in the text. cValues were calculated as the weighted average of the component specific values for moisture
content, methane yield and carbon storage factor. Component specific data and waste composition are given in SI Table S1. dA bulk MSW decay rate is
not meaningful because methane generation curves for individual waste components were summed.

Table 3. Decay Rate For MSW, PHBO, and the Ratio
between them

laboratory-scale MSW

decay rate (yr�1)b
laboratory-scale PHBO

decay rate (yr�1)b kphbo/kmsw

reactor 4a 10.9 20.9 1.92

reactor 5a 10.6 18.0 1.70

reactor 6a 10.1 18.6 1.85

average 10.5 19.2 1.83
aReactor numbers as assigned in Federle et al., 2002.15 bCalculated from
data in Federle et al., 200215 as given in the SI (Figures S1�S8).
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is disposed in landfills with gas collection, and 66% of this waste is
in landfills with energy recovery. These numbers are likely higher
because the LMOP database consists of landfills that voluntarily
submit information. Larger landfills and landfills that have state-

of-the-art gas collection systems are most likely to submit data
and thus be overrepresented.
A 10 000 iteration Monte Carlo analysis was performed on

several model inputs. The inputs included in the analysis and the
values used for their respective triangular distributions are given
in the Results and Discussion section.

’RESULTS AND DISCUSSION

The calculated temporally averaged landfill gas collection
efficiencies for waste disposed in traditional and bioreactor
landfills that collect gas are shown in Table 4. The results in
Table 4 reflect an average Mg of waste as opposed to the first Mg
buried. Thus, even though it was assumed that no gas collection is
installed at a traditional landfill for two years, waste disposed in
year two comes under some collection within a year of burial;
hence the gas collection efficiency for waste buried in year two is
nonzero.

The GHG emissions associated with food waste, newsprint,
office paper, PHBO, and MSW are shown in Figure 1a by landfill
subprocess. Temporally averaged collection efficiencies, defined
as total methane collection/total methane production were 51,
41, 56, 57, and 49% for MSW, food waste, newsprint, office paper
and PHBO, respectively. These values are relatively low due to
the estimate that 31% of waste is buried in landfills that do not
collect gas. The collection efficiency varies as a function of decay
rate as materials with a higher decay rate will produce more gas
prior to the installation of gas collection while waste that
degrades more slowly will have greater collection efficiencies
sincemore of the gas will be produced after collection systems are
in place. Methane oxidation was assumed to reduce fugitive
emissions by 10% in the base case. Biogenic carbon storage is also
a significant component of the carbon footprint (Figure 1a) while
the energy offsets reduce the GWP from the fugitive methane
emissions by 6�11%.

Table 4. Temporally Averaged Landfill Gas Collection
Efficiencies.a

collection efficiency (%)

waste age (yr) traditional landfill bioreactor landfill

1 0 25

2 45 55

3 60 60

4 65 65

5 70 70

6 75 75

7 75 75

8 75 75

9 75 75

10 75 75

11 75 75

12 79 79

13 83 83

14 87 87

15 91 91

g16 95 95
aValue represents the behavior of an average mass of MSW in a landfill
with gas collection. The calculation procedure is described in the
Modeling Approach section. These values are based on an assumed
schedule for the installation of a gas collection system, a landfill cell life of
5 years and the installation of final cover 15 years after a cell opens as
described in the text.

Figure 1. Greenhouse gas emissions for each waste component and average MSW by process and expressed per wet Mg. These data represent (a) a
national average landfill and thus reflect landfills with and without gas collection and energy recovery and (b) a state-of-the-art landfill. Fossil CO2e
emissions from landfill construction, operations, closure, postclosure and leachate management lead to an additional 6.9 kg CO2eMg�1 that is included
in the total for each of the waste streams.

http://pubs.acs.org/action/showImage?doi=10.1021/es200721s&iName=master.img-001.jpg&w=300&h=231
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The results in Figure 1a contrast considerably with the results
for a landfill that represents the state-of-the-art as opposed to a
national average. Results for a scenario closer to a state-of-the-art
landfill are presented in Figure 1b where it is assumed that all
landfills have gas collection systems and convert the methane
to electrical energy. The methane collection schedule, cell life
and oxidation rates remain as for Figure 1a. As expected,
collected methane and the energy offsets increase; with energy
offsets reducing the CO2e from the fugitive methane emissions
by 25�78%.

The CO2e signature of PHBO is inferior to that of other
materials in national average landfills, but not in state-of-the-art
landfills. This inferiority in the base case may be counterintuitive
as the methane yields of food waste and PHBO are comparable
on a dry basis, and the PHBOdecay rate is lower than that of food
waste (Table 2). However, the results (Figure 1) are expressed
on a wet basis and the methane yields are 90, 70, 200, and 340 m3

wet Mg�1 for food waste, newsprint, office paper and PHBO,
respectively. Thus, the higher methane yield for PHBO on a wet
basis increases CO2e for a national average landfill. For a state-of-
the-art landfill, the CO2e signature for PHBO is second only to
newsprint because its decay rate is about half that of food waste,
so more of the gas generated from PHBO can be collected. It also
has the second highest CSF of any material analyzed, which leads
it to have net negative CO2e.

Results are presented by landfill category (arid, moderate, wet,
bioreactor) in SI Figures S9�S12. In general, the volume of
collected methane increases as the decay rates decrease so the
environmental performance of waste generated in arid regions,
which was estimated as 20% of the national total, is highest. The
GHG performance of bioreactor landfills is superior to that of
moderate and wet landfills due to the assumption that all
bioreactors collect gas. One limitation to the modeling approach
is that a constant methane oxidation factor is assumed which
suggests that the mass of oxidized methane increases as fugitive
emissions increase. In reality, the fraction of the uncollected
methane that is oxidized will decrease as fugitive emissions
increase because oxygen availability is a limiting factor in methane
oxidation and a lower methane flux translates to the potential to
meet a higher fraction of the stoichiometric oxygen demand.16

A Monte Carlo analysis was performed by varying the para-
meters presented in Table 5. The cumulative distribution func-
tions (CDFs) for the GHG emissions associated with each waste
component and MSW developed from the Monte Carlo analysis

are presented in Figure 2. Summary statistics for each CDF are
shown in Table S2. PHBO has the greatest range among the
waste streams (1600 kg CO2e) because it has the highest
methane yield which translates to more opportunity for changes
in collection, beneficial use, and oxidation to affect the final
results. Similarly, office paper has the second highest methane
yield and the second greatest range (930 kg CO2e). Spearman
rank correlations were determined between major inputs and the
net CO2e associated with MSW disposal (Table 6). The oxida-
tion rate shows the greatest correlation, which is partially due to
its large range. Further research into the bounds of this range, and
a modeling approach that incorporates changes in methane
oxidation as a function of the controlling variables (soil moisture
content, temperature, porosity and methane flux) could reduce
the uncertainty. While work on these issues is ongoing, it appears
premature to incorporate in this snapshot of the U.S. landfill
infrastructure. The fraction of waste disposed in landfills that
collect gas is the second most sensitive variable while the
sensitivity of landfill decay rates varies based on the amount of
waste in each landfill category. Here too, uncertainty exists and
when the decay rates were varied by(50%, as opposed to(25%,
the Spearman rank correlation coefficients increase from 0.066 to
0.078, 0.075 to 0.14, 0.081 to 0.18 and 0.041 to 0.066 for arid,
moderate, wet, and bioreactor decay rates, respectively.
Decay Rate Analysis. The significance of the decay rate and

methane yield is further illustrated by a parametric analysis. A
hypothetical biogenic polymer consisting of 50% carbon in an
oxidation state of a carbohydrate was analyzed at four degrees of
mineralization, with decay rates varying from 0.001 to 1.0 yr�1.

Table 5. Inputs and Triangular Distribution Parameters Used in the Monte Carlo Analysis

input current minimuma maximuma

waste discarded in landfills with gas collection (%) 69 60 84b

waste in landfills with gas collection that recover energy (%) 50 40 66b

time until final cover is in place after initial waste placement (yr) 15 12 20

gas collection efficiency under final cover (%) 95 85 98

oxidation rate (%) 10 10 40c

landfill decay rate (yr�1)

arid 0.02 0.015d 0.025d

moderate 0.038 0.029 d 0.048d

wet 0.057 0.043d 0.071d

bioreactor 0.12 0.09d 0.15d

aValues based on judgment unless otherwise stated. bMaximum value based on voluntary reports in LMOP database.2 cA published review suggests a
mean of 36% oxidation.11 dThe decay rates were varied by (25%.

Figure 2. Cumulative distribution functions for each material. Ranges
used for each uncertain input are given in Table 5. ONP = old newsprint,
MSW = municipal solid waste, FW = food waste, OFFP = office paper.

http://pubs.acs.org/action/showImage?doi=10.1021/es200721s&iName=master.img-002.jpg&w=240&h=112
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The 0% mineralization case simulates a recalcitrant biogenic
material. The methane yields and CSFs for this hypothetical
polymer are given in Table 7. The results indicate that decreased
material decay rates and decreased mineralization lead to de-
creasedCO2e (Figure 3). These results suggest that for a national
average landfill, in which not all gas is collected and converted to
energy, optimal performance would be achieved for biogenic
materials that are recalcitrant under anaerobic conditions.
Environmental Implications. The described approach pro-

vides a framework for a producer to consider the GHG perfor-
mance of a material during the disposal phase. The input
parameters could be adjusted to reflect regions or countries with
alternate practices on landfill gas. In addition, the analysis could
be extended to reflect for example, that an estimated 18.9% of
U.S. nonrecovered MSW is disposed by waste-to-energy (WTE)
combustion.1 Analyses of WTE have been presented
previously.17�19 Similarly, for a product such as a biodegradable
bag that is used strictly for yard waste, a scenario in which a
significant percentage of the product is managed by composting
or anaerobic digestion could be developed. So too, the behavior
of a material where some fraction is discarded as litter could be
considered. The scenario presented here is applicable to a
biodegradable material that is managed with MSW, the majority
of which is disposed in landfills in the U.S. The results show that a
rapidly degradable material increases CO2e relative to a more
slowly degradable or recalcitrant material.
Ultimately, material development and selection should con-

sider emissions associated with material production, potential
differences in the use phase that could be attributed to the
material, and end-of-life management. If emissions for the

production of a biodegradable material are comparable or higher
than emissions associated with manufacturing a material from
petroleum-based feedstocks, and disposal emissions are higher
for the biodegradable material as illustrated here, then it is hard to
rationalize a suggestion that the biodegradable material is the
preferable alternative, assuming of course, the availability of
petroleum-based feedstocks.
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Table 6. Spearman Rank Correlation Coefficients between
Uncertain Inputs and the Net CO2e Associated With MSW
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