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ABSTRACT: Municipal solid waste (MSW) disposal repre-
sents one of the largest sources of anthropogenic greenhouse
gas (GHG) emissions. However, the biogenic GHG emissions
in the predisposal stage of MSW management (i.e., the time
from waste being dropped off in community or household
garbage bins to being transported to disposal sites) are
excluded from the IPCC inventory methodology and rarely
discussed in academic literature. Herein, we quantify the
effluxes of carbon dioxide (CO2), methane (CH4), and nitrous
oxide (N2O) from garbage bins in five communities along the
urban−rural gradient in Beijing in four seasons. We find that
the annual average CO2, CH4, and N2O effluxes in the
predisposal stage were (1.6 ± 0.9)103, 0.049 ± 0.016, and 0.94 ± 0.54 mg kg−1h−1 (dry matter basis) and had significant seasonal
differences (24- to 159-fold) that were strongly correlated with temperature. According to our estimate, the N2O emission in the
MSW predisposal stage amounts to 20% of that in the disposal stage in Beijing, making the predisposal stage a nontrivial source
of waste-induced N2O emissions. Furthermore, the CO2 and CH4 emissions in the MSW predisposal account for 5% (maximum
10% in summer) of the total carbon contents in a Beijing’s household food waste stream, which has significance in the assessment
of MSW-related renewable energy potential and urban carbon cycles.

1. INTRODUCTION

Municipal solid waste (MSW) management is not only crucial
to urban environmental quality and material recycling but is
also one of the largest sources of greenhouse gas (GHG)
emissions from human settlements.1,2 According to the
Intergovernmental Panel on Climate Change (IPCC), global
waste disposal is responsible for 1446 million tons of GHG
emissions in 2010 and has seen an increase of 13% between
2000 and 2010.3 In 2005, GHG emissions from the waste
sector amounted to 112 and 178 million tons CO2eq in China
and in the United States, respectively, which show the
significant GHG impact of the waste sector in both developing
and developed countries.2,4 In addition, waste disposal is often
one of the largest sources of anthropogenic methane emissions,
which is the second largest category of GHGs and 25 times
more potent than CO2.

2,3

A breadth of studies has examined the GHG emissions from
MSW management at different scales. At the regional and
national scales, GHG emissions from MSW disposal sites in
Africa, United States, Europe, and China were calculated to
provide scientific evidence for setting GHG reduction
targets.1,5−8 Similar efforts were made at the city scale to
help understand the environmental impacts of MSW9,10 or
choose mitigation technologies and strategies.10−12 At the site

scale, experimental studies have been conducted to quantify the
amounts and trends of GHG emissions from centralized
disposal sites13−16 and decentralized organic waste treatment
facilities (e.g., home composting of source-separated organ-
ics17−22) to understand the mechanisms or obtain high-
resolution emissions data.
Most of these studies have adopted the widely followed

IPCC inventory methodology, which focuses on the GHG
emissions from disposal sites and underemphasizes the
predisposal stage (i.e., the time from when the waste is
dropped off in community or household garbage bins to the
time it is transported to disposal sites).23 Literature pertaining
to the predisposal stage of MSW management only examined
the GHG emissions from the fossil fuel consumption in the
MSW collection and transportation,9,12,24,25 without paying
attention to the direct, biogenic GHG effluxes. However, in the
predisposal stage, MSW is often dropped off and stored in
garbage bins in households and communities for a considerable
amount of time before being collected and transported to waste
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disposal sites (i.e., landfills and incinerators).26 In China, this
predisposal stage can take up to 2 days in urban areas and much
longer in rural areas with no regular clearing service.27 In the
United States, the curbside collection service for MSW and
separated organic waste is normally offered weekly or biweekly
for cost considerations.28−30 During this time, the garbage bins
provide an ideal environment for biogenic GHG emissions
given the moderate temperature, presence of oxygen, active
microorganisms, and large quantities of biodegradable matters
(e.g., biodegradable food waste accounts for 40.0% to73.7% of
the total MSW in China).27,31,32 The conditions of the
predisposal stage are somewhat similar to home composting,
in which significant amounts of methane and nitrous oxide
emissions were found.18,22 Despite the favorable conditions, the
biogenic GHG emissions of MSW in the predisposal stage have
not been systemically studied.
In this study, we attempt to fill this knowledge gap by

monitoring the biogenic GHG emissions from MSW in the
predisposal stage. Using the chamber method,16,20,21 we did
high-resolution profiling of the GHG effluxes from 50
households in five communities along the urban−rural gradient
of the Beijing metropolitan area. We found that the biogenic
GHG emissions in the predisposal stage was nontrivial and had
potentially significant seasonal and cross-community differ-
ences. Our results call attention to the potential climate change
impact of this overlooked MSW management stage that may be
worthy of further studies.

2. MATERIAL AND METHODS
2.1. Description of Study Sites. The study was done in

Beijing, which has a population around 21.15 million and
generated a total of 6.72 million tons of MSW in 2013.33 A
large proportion of Beijing’s MSW is biodegradable food waste
(64%−67%) that can potentially result in high biogenic GHG
effluxes.34

Five communities along the urban−rural gradient of the
Beijing metropolitan area were selected for this study, which
were representative of the location (old city, new built city,
suburbs, and village), type and age of the buildings (story and
built year), socio-economic status, and demographics of typical
residential communities in Beijing. For each community, 10
households were randomly selected. A questionnaire was given
to each household to collect background information on
demographics, income, food expenditures, MSW drop-off
habits, and source separation behaviors. The location and the
socio-economic profiles of the five communities are shown in
Figure 1. Generally, the Jinmaoyue community (in new built
city) has the highest average income. The Shaojiu and
Huangtugang communities have middle income. The Zhux
have the lowest income, largest family population, and highest
percentage of income spent on food. More details of the
communities can be inzhuang (suburb) and Shuiyuzui (rural
village) communities found in Table S1 of the Supporting
Information.
The questionnaire results indicated that on average MSW

stayed inside the households for 1 day before being dropped off
in the community garbage bins. The Regulation of Beijing
Municipality on City Appearance and Environmental Sanitation
requests a daily collection and clearance of MSW in urban area.
Therefore, in this work, we assumed that the duration of the
predisposal stage was 2 days in Beijing.
2.2. Sampling and Waste Composition Character-

ization. MSW from each community was sampled once each

season. The five communities were sampled sequentially in
each season, and the entire sampling and monitoring were
completed in 2 weeks. The sampling dates were as follows:
spring, from April 12−26, 2015; summer, from July 7−28,
2015; autumn, from October 19−November 7, 2015; winter,
from January 8−23, 2016. Given the relatively short time frame
of the predisposal stage (around 2 days in Beijing), only MSW
that can be rapidly biodegraded was collected. The selection of
biodegradable MSW was based on previous studies30,35 and
included five main categories, namely, rice and wheat,
vegetable, fruit, meat waste, and other biodegradable fractions.
In each experiment, around 15−20 kg of biodegradable

fractions of MSW was collected from 10 households in each
community. The collected waste was thoroughly mixed, and
two 3 kg mixtures were taken by using the coning and
quartering method for further analysis: One mixture was used
for GHG emission quantification; the other mixture was used
for quantifying the composition and the moisture content,
which was used to calculate the dry mass basis weight. The dry
mass basis weight of each component was then used to
calculate the total organic carbon contents (TOC) and the total
nitrogen contents (TN) using a previously established database,
which had detailed statistics on the organic contents of each
waste category. Methane yield potential (L0) and carbon
sequestration factor (CSF) were selected as indicators for the
biodegradability of waste. The values of L0 and CSF were taken
from a recent study on the biodegradability of organic waste in
China.35 Data used here are listed in Table S2 of the
Supporting Information.

2.3. GHG Efflux Quantification. The chamber method
was applied to quantify the GHG effluxes.16−18 The diagram of
the chamber is shown in Figure 2. The size of the chamber is 65
cm × 65 cm × 40 cm (length, width, and height). A garbage bin
(20 cm × 20 cm × 20 cm) similar to the ones used in
households is placed in the chamber. An electric fan is placed
inside the chamber to mix the gases thoroughly. The fan is run
during the gases sampling period in order to ensure the samples

Figure 1. Locations of the studied communities along an urban−rural
gradient in Beijing, China.
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were representative of the average gas mixture in the
chamber.36−38 A base with water-filled grooves is used to seal
the chamber in order to prevent leakage.
The rain-proofed chamber and simulated garbage bin (with

waste collected from households) were placed outdoors for
GHG emission monitoring. To simulate the length of the
predisposal stage, each chamber experiment lasted for 2 days.
The GHG effluxes were sampled in the following hours each
day: 06:00−07:00, 10:00−11:00, 14:00−15:00, 18:00−19:00,
and 22:00−23:00. Four samples were taken at 0, 20, 40, and 60
min in each of the hours, and an average GHG efflux was
calculated and reported for that hour. In each sampling, 50 mL
of air was drawn using a syringe, which was then split into 2 mL
× 25 mL as technical duplicates. The ambient temperature was
recorded during the monitoring, which varied from −12.4 to
35.8 °C, with the seasonal average being 23.9, 31.3, 10.0, and
−3.9 °C for spring, summer, autumn, and winter, respectively.
The concentrations of CO2, CH4, and N2O of each sample

were analyzed using gas chromatography (GC) (Agilent 7890A,
U.S.A.) equipped with a flame ionized detector (FID) for CO2
and CH4 and electron capture detector (μECD) for N2O.
The effluxes of CO2, CH4, and N2O were determined by eq

1.

ρ= × + ×

× × × − × × × ×

F T P

H L W H L W d d
m

[ 273/(273 ) /0.1013

( )] /
10

c t

0

0 0 0

6

(1)

where F is the GHG effluxes (mg kg−1 h−1); ρ0 is the density of
CO2, CH4, and N2O under the standard temperature and
pressure (STP), ρCO2 is 1.977 kg m−3, ρCH4 is 0.717 kg m−3,
ρN2O is 2.982 kg m−3; P is barometric absolute pressure, MPa; T

is thermodynamic temperature (K); H, L, andW are the height,
length, and width of the chamber, 0.4, 0.65, and 0.65 m,
respectively; L0 and W0 are the length and width of the garbage
bin, 0.20 and 0.20 m, respectively; H0 is the height of the waste
placed in the garbage bin; dc/dt is the increment rate of the
CO2, CH4, and N2O concentrations (ppm h−1); m is the dry
weight of the testing waste.
To compare the differences of GHG emission along the

urban−rural gradient, the per capita GHG emissions were
calculated for different communities using eq 2. CO2 emission
was excluded according to the IPCC GHG inventory
methodology.23

=
∑ · + · · · · · −

·= a F b F D W M P

GHG

( ) 24 (1 )/ )

4
365

j

i ij ij ij ij j

Emission

1,2,3,4 CH4 N2O

(2)

where GHGEmission is the per capita annual GHG emission of
one community (g CO2eq capita−1 year−1); F is the daily
average efflux of CH4 and N2O (g kg−1 h−1); W is the total
weight of the food waste collected from each community; M is
the moisture content of the collected food waste from each
community; P is the total number of residents covered by our
waste sampling in each community; a and b are GWP100 of CH4
and N2O, 25 and 298 respectively;3 D is the length of the
predisposal stage (D = 2 in this work); i designates the four
seasons; j is the five communities studied.

2.4. Statistical Analysis. SPSS 16.0 was used for the
statistical analysis. One-way ANOVA was used to analyze
whether there are statistically significant differences in the GHG
effluxes in different seasons. Spearman’s correlation test (2-tail)
was used to analyze the monotonic correlation between GHG
effluxes and potentially influential factors, including ambient
temperature, moisture, TOC, TN, C:N ratio, L0, and CSF.
Regression analysis was done for GHG effluxes and temper-
ature given the strong spearman correlation coefficient.
Adjusted R2 and the Akaike information criterion for small
sample size (AICc) were used for model comparison.

3. RESULTS AND DISCUSSION
3.1. Annual Total GHG Emissions in the Predisposal

Stage. The annual average CO2, CH4, and N2O effluxes in the
predisposal stage were (1.6 ± 0.9)103, 0.049 ± 0.016, and 0.94
± 0.54 mg kg−1 h−1 (dry matter basis), respectively, in the five
communities in Beijing. After excluding CO2 from the GHG
accounting due to assuming carbon neutrality in biogenic waste,
the annual per capita GHG emission in the predisposal stage
was 240 ± 140 g CO2eq capita

−1 year−1 and was predominantly

Figure 2. Diagram of chamber method.

Table 1. Comparison of GHG Effluxes from Predisposal Stage and Other MSW Facilities

GHG effluxes (mg kg(dm)−1 h−1)

stages source MC (%) CO2 CH4 N2O

predisposal this work 73.7−82.1 (1.6 ± 0.9)103 0.049 ± 0.016 0.94 ± 0.54
home composting Andersen et al., 201017,a 63.8−78.9 39−42d 0.09−0.13d 0.07d

Martińez-Blanco et al., 201018 43.6 n/a 0.12d 0.50d

Adhikari et al., 201320,b 75.9 31d n/d 0.22d

full-scale composting Coloń et al., 201219 n/a n/a 0.34−4.37 0.035−0.251
landfill Rinne et al., 200539 n/a 5640c 1660c 4.2c

aNo mixing experimental group. bPlastic bin experimental group. cUnit is mg m−2 h−1. dCalculated based on the original data, moisture contents,
and composting duration days; n/d−not detected; n/a−not applicable.
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N2O emission (0.81 g N2O capita−1 year−1 or 240g CO2eq
capita−1 year−1). There are two other interesting features. First,
the CO2 and N2O effluxes in the predisposal stage measured in
this study are higher than the effluxes reported for home
composting and full-scale composting. For example, hourly
CO2 and N2O efflux in the predisposal stage are 38−52 times
and 2−13 times larger than corresponding fluxes in home
composting (Table 1). Second, the N2O efflux was much larger
than CH4 in the predisposal stage, which was very different
from landfills but somewhat similar to composting. The
percentages of CO2, CH4, and N2O in the predisposal stage
were 85.40 ± 7.15%, 0.06 ± 0.60%, and 14.54 ± 7.49%,
respectively, on a CO2eq basis.
Our findings are somewhat supported by mechanism studies.

For instance, the methane emissions are facilitated by low
oxygen conditions and the lag-phase time of CH4 yield (5−25
days),30,35,40 which is not available in the simulated predisposal
stage. In contrast, N2O emission is a consequence of the
richness in nitrogen and frequently alternating aerobic and
anaerobic conditions41 and is possibly more intense in the first

3 days,42 which is similar to the conditions in the predisposal
stage. The overall larger GHG effluxes from the predisposal
stage may be related to the short duration of the monitoring.
When monitored over periods from 2 months to 2 years, GHG
effluxes from home and full-scale composting have been shown
to decline overtime.17−22

3.2. Seasonal GHG Emissions in the Predisposal
Stage. Different GHG showed different seasonal trends.
Seasonal CO2 effluxes varied from 0.13 ± 0.16 to (3.2 ±
0.9)103 mg kg−1 h−1 and showed statistically significant
differences in each season (summer > spring > autumn >
winter, p < 0.05). The CO2 efflux in the summer was 24-fold
over that in the winter (Figure 3(a), (A)). In addition, the CO2
effluxes slightly increased during the 2 days of monitoring in
the spring, summer, and autumn (Figure 3(a)). The seasonal
N2O effluxes had a similar trend as CO2, which varied from
0.017 ± 0.028 to 2.8 ± 2.0 mg kg(dm)−1 h−1, with the summer
about 159 times as high as the winter (Figure 3(c), (C)).
In contrast, the CH4 efflux in summer was significantly lower

than that in spring and winter and did not show significant

Figure 3. Seasonal GHG effluxes of municipal solid waste by chamber experiments. Panels (a), (b), and (c) are the community average CO2, CH4,
and N2O effluxes in each testing time during two experimental days. D1 and D2 are the first and second day of the experiment. t is the testing time in
each day: t1 (06:00−07:00), t2 (10:00−11:00), t3 (14:00−15:00), t4 (18:00−19:00) and t5 (22:00−23:00). Panels (A), (B), and (C) are
community-average seasonal CO2, CH4, and N2O effluxes. Error bar indicates the data obtained from different communities; symbols a−d indicate
statistical significance (p < 0.05).

Environmental Science & Technology Article

DOI: 10.1021/acs.est.6b05180
Environ. Sci. Technol. 2017, 51, 320−327

323

http://dx.doi.org/10.1021/acs.est.6b05180


seasonal differences in spring, autumn, and winter. The seasonal
CH4 effluxes in spring, summer, autumn, and winter were 0.065
± 0.015, 0.014 ± 0.005, 0.046 ± 0.054, and 0.069 ± 0.079 mg
kg−1 h−1, respectively (Figure 3(b), (B)). Our CH4 emissions
results are similar to the insignificant seasonal trends of landfill
methane effluxes, which were considered to be related to
landfill operation, meteorological conditions, and ground
temperature.16,43

3.3. Factors Affecting GHG emissions. Spearman
correlation analysis suggests that CO2 and N2O effluxes
significantly increase as the ambient temperature increases (p
< 0.01), while the correlation between CH4 effluxes and the
ambient temperature is not significant (Table 2). In addition,
the CH4 effluxes show a moderately significant correlation with
the C:N ratio (p < 0.05). Other factors, namely TOC, TN,
moisture content, methane yield potential (L0), and carbon
sequestration factor (CSF) are not significantly correlated with
the GHG emissions, although they have been found to affect
the GHG emissions to some extent in organic waste
composting and anaerobic digestion.35,44

The correlations between temperature and CO2/N2O
effluxes are presented in Figure 4. For CO2, both the linear
and exponential models were a good fit based on the adjusted
R2 (linear: adjusted R2 = 0.86; exponential: adjusted R2 = 0.82).
However, AICc suggested that the exponential model was
potentially a preferred model given its low AICc value (Table
S3. Supporting Information). For N2O, the exponential model
had a lower AICc than the linear model and a higher adjusted
R2 (linear: adjusted R2 = 0.33 and AICc = 74.7; exponential:
adjusted R2 = 0.48 and AICc = 102.0). Additional information
on the curve fitting is shown in Table S3 of the Supporting
Information.
Temperature is vital to microbial activity45,46 and potentially

a key driver of GHG emissions in the predisposal stage. Strong
correlations between CO2/N2O effluxes and ambient temper-
ature were found in the studies of MSW landfill and
composting gases.31,44 Our study generally agrees with previous
findings and suggests that CO2/N2O effluxes could both
increase exponentially when temperature exceeds 25 °C. In
composting studies, microbial activity could be impeded when
the environmental temperature increases to 50 °C.32 However,
the ambient temperature around garbage bins seldom reaches
50 °C in the predisposal stage.

Some other factors not analyzed in this research could also
contribute to the GHG effluxes in the predisposal stage. In this
study, organic fractions were separated from other household
waste for more reliable characterization. However, source
separation is not done meticulously by every household, the
GHG emission rate and composition may change when the
organic fractions are mixed with other types of waste due to

Table 2. Spearman Correlations Coefficient of GHGs Effluxes and Influential Factors

factors Spearman correlation efflux CO2 efflux CH4 efflux N2O

temperature correlation coefficient 0.944a −0.209 0.890a

sig. (2-tailed) 0.000 0.376 0.000
TOC correlation coefficient −0.284 0.158 −0.377

sig. (2-tailed) 0.225 0.506 0.101
TN correlation coefficient −0.063 −0.214 −0.126

sig. (2-tailed) 0.791 0.366 0.596
C:N ratio correlation coefficient −0.176 0.502b −0.233

sig. (2-tailed) 0.458 0.024 0.323
moisture correlation coefficient −0.155 −0.024 −0.111

sig. (2-tailed) 0.514 0.920 0.640
methane yield potential (L0) correlation coefficient −0.277 −0.006 −0.361

sig. (2-tailed) 0.238 0.980 0.118
carbon sequestration factor (CSF) correlation coefficient −0.030 −0.039 0.12

sig. (2-tailed) 0.900 0.870 0.960
aCorrelation is significant at the 0.01 level. bCorrelation is significant at the 0.05 level; daily average data, n = 20.

Figure 4. Linear and exponential regression of ambient temperatures
and CO2/ N2O effluxes. (a) CO2 efflux and temperature; (b) N2O
efflux and temperature.
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changes in moisture content and interstitial oxygen concen-
tration.46 Furthermore, other gas effluxes, for example, volatile
organic compounds, carbon monoxide, and ammonia, could
also have global warming impacts or affect the CH4 and N2O
effluxes. Further studies on the physio-chemical and biological
factors are needed to elucidate the mechanism of the GHG
emissions from the MSW predisposal stage.
3.4. GHG Emissions in Different Communities. While

still inconclusive, our results suggest that GHG emissions from
MSW in the predisposal stage may have community-to-
community differences which may be related to demographics,
average income, and different eating habits. For example, the
GHG emissions from the MSW predisposal stage decreased as
we moved from urban to rural areas (Figure 5). The total GHG

emissions from Shaojiu (inner city) were 50 g CO2eq capita−1

year−1, which was 3.8- and 2.4-fold higher than the emissions
from suburb and rural communities. The households in Shaojiu
and Huangtugang also produced twice as much as food wastes
as other communities (0.342 and 0.305 kg capita−1 day−1

respectively). Our results are consistent with a previous
study, which suggested that food waste generation may be
related to average income and family size.47

4. DISCUSSION
4.1. Significance to GHG Emission Accounting in the

Waste Sector. Our study finds, for the first time, that the
predisposal stage of MSW management has nontrivial biogenic
N2O emissions. It estimates that the N2O emission in the MSW
predisposal stage was 0.81 g capita−1 year−1 in Beijing. To put
this intensity in the context of Beijing, annual total N2O
emission from MSW predisposal stage is 5 Gg CO2eq yr−1,

which amounts to 20% of that in the disposal stage in Beijing
(Table 3). In addition, the per capita N2O emission estimated
by this study is most likely an underestimate for two reasons.
First, the length of the predisposal stage is often 3 times longer
in many other cities than that in Beijing (2 days).28−30 Second,
only MSW from households was included in this study, which is
only a portion of the total food waste produced per person. For
high-income households, the food waste produced in cafeterias
or restaurants could be substantial.48

Furthermore, the N2O emission was significant, while the
CH4 emission was insignificant in the predisposal stage, which
is similar to the GHG profile in composting but very different
from that in landfills.39 This calls attention to a better
understanding of the biochemical mechanism of N2O
generation. N2O emissions from landfills in Beijing were not
reported in the current literature, and the model for estimating
N2O in landfills was not included in the IPCC inventory.23

Therefore, a comparison is unavailable for the N2O emissions
from the predisposal stage and landfills. As a preliminary
comparison, if 4.2 mg N2O m−2 h−1 is applied as suggested by
ref 39, the hourly N2O efflux will be 0.84 × 10−3 mg kg−1 h−1,
0.1% of that in the predisposal stage, for a landfill with a depth
of 5 m and a density of 1 ton m−3. However, it should be
pointed out that the total GHG emission from landfills is still
dominant in the entire life cycle of MSW management despite
our findings.

4.2. Significance to the Urban Carbon Cycle. Carbon
management, particularly capturing the energy contained in
waste organic carbon, is an emerging issue in the field of
biogeochemical cycles in an urban ecosystem.49,50 Estimates of
the energy potential and policy recommendations are often
based on the estimate of carbon flows in organic waste.51 In this
research, we find that annually the loss of carbon in the
predisposal stage is up to 5% of the TOC contents of food
waste, and the loss can reach 10% in the summer. It indicates
that the assessments of renewable energy potential from MSW
may need to be refined to account for the loss of carbon in the
predisposal stage.
Besides, there are potential community-to-community differ-

ences in the GHG emissions and carbon flows of MSW
management. Our work suggests that communities in the
central city with middle income and small family sizes may
produce more GHG emissions than suburban communities and
rural villages. The differences in waste generation and GHG
emissions among communities should be considered when
designing policies to improve the carbon management in cities.
Related studies should also consider such community-to-
community differences at a higher resolution for more refined
understandings.

4.3. Policy Implications. GHG emissions has become an
increasingly popular indicator to gauge the sustainability of

Figure 5. Per capita GHG emissions and income of different
communities in this study.

Table 3. Estimation of GHG Emissions from Predisposal and Disposal of Municipal Solid Waste in Beijing, 2013

stages quantity of MSW (million ton yr−1) N2O emission (Gg CO2eq yr−1) percentage (%) total GHG emission (Gg CO2eq yr−1) percentage (%)

predisposal 6.67 5a 20 5a 0.3
compost 0.79 7 26 14 0.7
incineration 0.98 14 54 350 16
landfill 4.9 n/ab 0 1781 83
total 6.67 26 100 2150 100

aN2O emission from predisposal stage is calculated by per capita N2O emission (0.81 g N2O capita−1 yr−1 in this work) and the population of Beijing
in 2013 (21 million). bNot applicable by IPCC inventory.23 GHG emission data of compost, incineration, and landfill are taken from ref 33.
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MSW management.5−7 Our study suggests that the predisposal
stage should be taken into account when assessing the GHG
impact of MSW management. Systemic efforts are needed to
quantify GHG emissions in this stage and build it into the
system design. Furthermore, our study suggests that increasing
the MSW clearance frequency in the summer can potentially
achieve the dual purpose of reducing the GHG emissions and
conserving organic carbon resources for bioenergy recovery.
Cost-effective measures to reduce the temperature in garbage
bins are also beneficial to reduce the GHG emissions, carbon
loss, and odor (as a co-benefit) in the predisposal stage, for
example, choosing the location of MSW storage more carefully
to avoid direct sunlight and/or changing the color or the
material of garbage bins to reduce heat absorption.
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