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Abstract

The first aim of this work is the definition and the study of a suitable sampling method for the
measurement of landfill gas (LFG) emissions from landfill surfaces, since, up to now, there are no
codified nor universally accepted sampling methods for this specific task. The studied sampling method
is based on the use of a static hood. The research work involves a preliminary theoretical study for the
hood design, experimental tests for the definition of the optimal sampling procedures, and simulations of
the hood fluid-dynamics for the system validation. The second aim of this study is the investigation of the
correlations between LFG emissions and meteorological conditions, whose identification would be very
useful in terms of effective landfill management and pollution control. This involved a wide literature
study for the selection of those parameters that seem to have an influence on LFG emission, and the
collection of a great number of experimental data on a target site, which led to the conclusion that

atmospheric pressure and soil humidity are the parameters that mostly affect LFG emissions.
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Introduction

Landfills are significant sources of pollution (Kumar et al., 2004). Disposal of waste in such sites leads to
the generation of a leachate, which may pollute the land and the aquifer (Renou et al., 2008), and a
biogas, a mixture of carbon dioxide (CO_) and methane (CH.), greenhouse gases and pollutants (Young &
Parker, 1983). Landfills are typically also an important source of odour pollution (Palmiotto et al., 2014),
because of the presence in landfill biogas (LFG) of traces of compounds characterized by very low odour
detection thresholds (Davoli et al., 2003; Capelli et al., 2008), giving that LFG emissions can be related
to odour emissions from a landfill (Lucernoni et al., 2016a).

Even though modern landfills are always equipped with a gas capture system, a portion of the gas escapes
and is emitted into the atmosphere through the surface. Thus, the possibility of quantifying the LFG
surface emissions and monitoring them over time may represent an important aspect for the landfill
operation and management (Mosher et al., 1999). Quantification of LFG emissions, and their possible
correlation to odour emissions, requires the periodical execution of specific measurement campaigns,
which should be carried out by means of a suitable sampling method that should be repeatable,
reproducible and accurate. This is a complicated task: to date, there are no codified nor universally
accepted sampling methods.

Despite in literature several studies hypothesize the existence of some sort of correlations between
meteorological conditions and emissions, such correlations are undemonstrated, mostly contrasting, and
never quantified. For this reason, it is not known how to account for the effect of the changing
meteorological conditions on the LFG emissions.

The first aim of this work is the definition of a sampling method that allows for reproducible and
repeatable measurements. As already mentioned, to date the best way for LFG sampling on landfill

surfaces is still debated in the scientific community.
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On a regulatory level, there are two different approaches, both based on so called “hood methods”,
involving the use of a specific sampling hood that isolates a portion of the surface to be sampled. The
oldest — and more consolidated — is the EPA method (EPA, 1986), which entails the use of a flux chamber
(FC) flushed with a neutral gas flow (N2 or air) (Reinhart et al., 1992; Park & Shin, 2001; Gebert et al.,
2011; Di Trapani et al., 2013). The other one, adopted by the UK-EA (EA, 2010), entails the use of a
static hood (SH), in which the increase of methane concentration is measured over time. The static
chamber measurement approach, for methane and LFG emission determination from landfill surfaces, is
the most often used in Italy and it is also commonly applied in many cases outside of the UK because it is
relatively inexpensive, simple, and highly sensitive at detecting even small fluxes (Abichou et al., 2006;
Bogner et al., 1995; Cardellini et al., 2003; Schroth et al., 2012); thus new and optimized designs for
static chambers have been recently proposed (Rachor et al., 2013; Lucernoni et al., 2016b).

Moreover, hood methods, and especially fluxed hoods, are by far the preferred method for the assessment
of odour emissions from passive area sources (Hudson & Ayoko, 2008; Capelli et al., 2013; Parker et al.,
2013), and also from landfill surfaces (Sarkar & Hobbs, 2002; Frechen et al., 2004; Sironi et al., 2005;
Romain et al., 2008).

However, as far as the assessment of CHs and LFG emissions from landfills are concerned, several
alternatives to hood sampling methodologies exist, which are worth to be mentioned.

e The main alternative is the tracer gas (TG) method entailing the controlled release on the
emission surface of a given traceable gas (e.g. SFe), used to simulate the landfill gaseous
emissions (Borjesson et al., 2000; Spokas et al., 2003). There are different options depending on
the tracer gas used and on the kind of measurement performed. The main two possibilities are
mobile or static measurement. The mobile plume measurement (MPM) consists in driving with a
tuneable diode laser spectrometer (TDL) along a downwind transect perpendicular to the wind

direction around 200 m from the site to measure tracer gas concentrations in the plume’s cross
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section. An inlet tube is located at the front of the van above the cabin to let the outside air come
into the TDL system; this avoids additional mixing. A tracer gas (e.g. N2O) is released with a
known constant flow-rate from the source and used as a reference compound to calibrate the
model. The released gas flow is controlled; before and after the experiments the tracer bottles are
weighted to know the exact volume of tracer gas lost within the release period. The emission is
calculated from the measured/modelled concentration levels above the background (Babilotte et
al., 2010). The static plume measurement (SPM) entails using vacuum gas bottles installed at a
road downwind of the source. The bottles are evacuated before the measurements with a vacuum
pump and will fill themselves to approximately 0.5 bar, requiring a defined time. After, the
bottles are closed and analysed with a TDL system. One of the bottles is used for the assessment
of the background concentration of CH,4 and tracer gas; this one needs to be located upwind of
the landfill. The emission from the source is calculated from the measured/modelled
concentration levels above the background (Simpson et al., 1995; Babilotte et al., 2010).

The radial plume mapping (RPM) entails the use of optical remote sensing (ORS) for the
collection of path-integrated concentration (PIC) data over multiple, non-overlapping beam paths
(Babilotte et al., 2010).

The differential absorption LiDAR - or Light Detection And Ranging - (DiAL) technique is a
laser-based remote monitoring, enabling range-resolved concentration measures of a large
variety of atmospheric chemical compounds both in the infra-red (e.g. CH4, C,H6, etc.) and
ultra-violet wave-length spectrum (e.g. NOy, SOy, etc.) with a ppm sensitivity at ranges higher
than 500 m. The system consists of an accessorized self-powered truck. In the DIAL, the laser is
operated alternately at two adjacent wavelengths. The on-resonant wavelength is chosen to be at
a wavelength that is absorbed by the target species. The off-resonant wavelength is chosen to be

at a wavelength that is not absorbed by the target species in order to avoid interferences.
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Emission fluxes are measured scanning the DIAL measurement beam in a vertical plane
downwind of the target sources and determining the total concentration of CH, above the
background in that plane. Vertical planes are typically 600 m x 600 m with a range resolution of
25 m vertically and 5 m horizontally. To determine the emission flux of CH4 due to the landfill
site itself, the background CH. needs to be subtracted from the concentration profiles before the
flux is calculated (Babilotte et al., 2010).

e The inverse modelling (IM) entails the use of a concentration analyser that provides real-time
CH, concentration measures. Concentration measures are performed at discrete receptors
downwind of the landfill. CH4 concentrations and associated Global Positioning System (GPS)
coordinates are then used in an atmospheric dispersion modelling software (e.g. ADMS3,
CALPUFF, etc.). The software performs an inverse modelling analysis according to the geo-
referenced CH, concentrations. The output is a CHs emission factor for each landfill cell

(Babilotte et al., 2010).

As previously mentioned, there are several literature works describing the possibility to use hood methods
for measuring both LFG (Reinhart et al., 1992; Bogner et al., 1995; Park & Shin, 2001; Cardellini et al.,
2003; Abichou et al., 2006; Gebert et al., 2011; Schroth et al., 2012; Di Trapani et al., 2013; Liu et al.,
2015) and odour (Sarkar & Hobbs, 2002; Frechen et al., 2004; Sironi et al., 2005; Romain et al., 2008)
emissions from landfills. As demonstrated in other previous works, odour emissions from landfill surfaces
can be determined either by means of direct odour sampling, or indirectly, i.e. by measuring the LFG
emissions and then multiplying the LFG flux by the LFG odour concentration (Lucernoni et al., 2016a,
2017). In this second case, the odour concentration of the LFG emitted through the landfill surface needs
to be estimated by relating the CH,4 and the odour concentration of samples collected over the landfill
surface (Lucernoni et al., 2016a, 2017). Even though odour measurement is not the primary objective of

this work, because of the above mentioned possibility to relate CH4 and odour concentration data, hood
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methods were preferred as the investigated method for the development of a sampling methodology that
allows both the measurement of LFG fluxes and of odour emissions.

The development of the sampling methodology involved: a preliminary theoretical study for the hood
design, experimental tests for the definition of optimal sampling procedures and operative conditions and
a fluid-dynamic study exploiting computational fluid dynamics (CFD) simulations for the system
validation.

The second goal of the study is the investigation of the correlations between LFG emissions and
meteorological parameters. This involved a wide literature study for the selection of those parameters that
seem to have an influence on the LFG emission. The identification of such a correlation would be useful

in terms of effective landfill management and pollution control.

Materials and methods

Experimental campaigns

The site is a landfill in Northern Italy operative since 1993, it has an extension of 250 000 m? subdivided
in 6 allotments of which only one still is operational. The landfill waste storage capacity amounts to
roughly 6 200 000 m®. The LFG collection system sucks 2200 m? h* of gas, which is burnt in four co-
generators for the production of electric energy. The campaigns were planned with a frequency of two
times per week on average, for a total of 40: from December 2014 to November 2015 in allotments 1 and
2, both closed and covered with a clay layer, without waterproofing seal. Four different points were
identified for LFG sampling from December 2014 to March 2015, since two of these points resulted
scarcely emissive (not measurable), these points were discarded and replaced with three new points for
the measurements from March 2015 to November 2015. Measures were carried out always at the same
time, around 11 a.m., in order to prevent additional variability.

Materials
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The device developed at the Politecnico di Milano for CH4 sampling over landfill surfaces is a hood (Fig.
1), which was designed based on the one described in the UK-EA (EA, 2010) and by the modified version
proposed by Rachor et al. (2013). The hood has a squared base, 50 cm x 50 cm, with a height of 10 cm
and it is connected to the outside by means of a 3 m long Teflon tube that allows keeping the internal
pressure equal to the atmospheric pressure in order to avoid over-pressures that may affect the emission.
The device is made of steel. A 10 cm long tube on the top of the hood allows the CH4 concentration
measurement by attaching a Flame lonization Detector (FID), which has a suction flow of 1.06 | min, to
the outlet tube for 2 min. The CH. concentration analyser used is a Crowcon GasTec portable FID, with a

detection range of 0-10000 ppm and an accuracy of 1 ppm.

Figure 1. The sampling hood designed at the Politecnico di Milano operated as a FC (left) and as a SH

(right).

One particular feature of this newly designed hood is that it can be operated both as a FC or as a SH, i.e.
with or without the introduction of a neutral sweep air flow, respectively. This gives the advantage of
allowing both the direct and indirect measurement of odour emissions from landfill area sources. Direct

odour measurement needs to be performed using the hood as a FC, since the withdrawal of the
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olfactometric sample volume would perturb the internal SH too much; this is less true for a FC whose
internal volume is continuously flushed by a neutral gas flow. On the other hand, indirect odour emission
measurement can be carried out with both hoods, since this method relies primarily on the evaluation of
the LFG flux through the measurement of the CH4 concentration over the landfill surface, and the
subsequent estimation of the odour emission rate by multiplication with the LFG odour concentration
(Lucernoni et al., 2016a, 2017).

In order to evaluate the possibility to use the designed hood in both modes (fluxed or static), in the period
from December to March the hood was operated both as a FC and a SH to compare the two sampling
methods.

The procedure defined for the FC mode (Fig. 1, left) provides that the hood is fluxed with a neutral air
flow of 200 I h* for a period of 12 min by connecting an air bottle to the tube on the top of the hood.

The SH mode procedure provides that the hood is positioned on the landfill surface for a period of 10 min
before measuring the CH4 concentration. From the CH4 concentration, it is possible to calculate the
specific emissive LFG flow, in | m? h'l, The presence of the lateral tube connecting the interior of the
hood with the external ambient assuring isobaric conditions during sampling also guarantees that a higher
CH. concentration inside the hood is avoided without continuously sweeping the air out of the hood
(Rachor et al., 2013; Lucernoni et al., 2016b).

For the fluxed mode, it is possible to write the CH4 mass balance as:

Qout * CCHymis = Qin - CcHyin T Qurc - CCH, LFG 1)
In Eq.1 (Q,y,) is the total flow [I h~1] equal to the inlet air flow (Q;, = 200 [ k1) plus the emitted LFG
flow (Qprg). (Ccn,mis) 15 the measured CHs concentration [umolmol™"], (ccy,n) is the CHq
concentration in the neutral air equal to zero [umol mol™"] and (ccy, 1r¢) is the concentration in the pure
LFG equal to 500 000 [umol mol~1], that is 50% molar fraction. The CH,4 concentration of 50% in the

pure LFG is a datum obtained from the operational information regarding the LFG collection and
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combustion system of the landfill. Since the emitted LFG flow rate is much lower than the fluxed neutral
air, it is possible to assume that (Q,,,) and (Q;,) are equal. The specific LFG flow (Q,z¢) [[m™2 h™1] is

obtained by dividing by the base area of the hood (S},), which is 0.25 m?:

~ Qin’CCH,4 mis
Qrrc = PE——— * ) (2)
CH4,LFG'Sh

When operating the hood as a SH (Fig. 1, right), it is possible to write the mass balance for CH,4 as
shown:

décy .
" * = Qpre * CCHy LFG )

In Eq. 3, (V) is the volume of the hood equal to 25 [], (dc_;:"*) is the average CH, concentration variation

inside the hood over time, (Q,r¢) is the emitted LFG flow [l h~'] and (ccn,,rc) is the concentration in
the pure LFG equal to 500 000 [umol mol~1]. The specific LFG flow may be obtained by making two
assumptions:

I the CH,4 concentration inside the hood has a linear growth over time;

Il. the CH,4 concentration that is measured by means of the FID is equal to the average CH,

concentration inside the hood ¢y, .

The specific LFG flow can be computed by using Eq.4:

s = o ®
CFD simulations

Computational Fluid Dynamics (CFD) was applied to study the static sampling procedure, since the
understanding of the fluid-dynamic behaviour of the sampling hood is fundamental for the correct
interpretation of the sampled data (Prata Jr. et al., 2016). CFD simulations with the software ANSYS

Fluent were performed with the aim of verifying the assumptions of linear growth of the CH,

concentration inside the hood and of equivalence of measured CH, concentration and average CH,

10
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concentration inside the hood, on which the method (Eq.4) is based. This fluid-dynamic study is
fundamental to verify the appropriateness of the developed sampling method, thereby involving the
verification of the pertinence of the choice of the sampling point and of the sampling time, thus proving
the representativeness of the adopted procedure for the determination of the emitted LFG flow rate. The
advantage of this approach is to avoid the perturbation in the concentration inside the chamber induced by
the flow of the FID, which would make it very difficult experimentally to evaluate the concentration in a
precise point and impossible during a single test.

In order to apply CFD, it was first necessary to generate a suitable mesh that provides the software with a
discrete representation of the hood geometry. The adopted mesh is non-structured with a refinement of 14
layers of structured mesh at the inlet boundary (as shown in Fig. 4) and a total number of cells of 3 000
000. Then the simulation settings have to be defined: the source term was set equal to 0.25 [[ m™2 h™1],
which is the mean specific LFG flow emitted from the landfill surface, deriving from the experimental
campaigns on site. This value is not the final datum, but it is a value obtained during the first campaigns,
in order to perform the CFD study assessing the appropriateness of the adopted sampling method in the
early stages of the project. The model also requires setting the values of pressure, temperature, and
diffusivity coefficients. The simulations were run considering a total time of 12 min: 10 min of static
hood positioning + 2 min for the FID analysis.

Correlation between meteorological data and LFG emissions

In order to investigate the existence of a correlation between LFG emissions from the landfill surface and
meteorological conditions, a great number of emission and meteorological data are required. Before
starting the analysis of the experimental data acquired from the measurement campaigns on site, a
thorough review of the scientific literature on the subject was performed to identify the meteorological
parameters that other authors had investigated as possibly affecting the LFG emissions. As a first result of

this first literature review step, Tab. 1 tries to resume a bibliographic overview of what has been written

11



228
229
230
231
232
233
234
235

by other researchers on this matter by summarizing their statements and observations about the influence

of atmospheric parameters on LFG emissions.

Finally, the meteorological data considered for the study were rainfall, temperature, atmospheric pressure,

wind speed, relative humidity and solar radiation. In addition, the soil humidity was considered as well,

which was determined experimentally by collecting soil samples and weighting them before and after

drying, thus assessing the humidity as the removed water fraction.

Table 1. Bibliographic overview of the statements and observations about the influence of atmospheric

parameters on LFG emissions made by other researchers.

Atmospheric

Parameter

Source(s)

Correlation Type

Author’s Hypothesis

Atmospheric

Pressure (P)

Reinhart et al.,,

1992; McBain et

Negative Correlation (-):

P increases and LFG

Landfill “respiration”

al., 2005 flow decreases
Temperature Park & Shin, 2001 | Positive Correlation (+): | Waste decomposition process is
(M T increases and LFG | enhanced
flow increases
Temperature Rachor et al., 2013 | Negative Correlation (-): | Temperature governs microbial CH,
(M) T increases and LFG | oxidation because chemical
flow decreases processes in the cells are faster at
greater energy supplies (i.e during
the warm season)
Soil Humidity | Rachor et al., 2013 | Positive Correlation (+): | CHs production is enhanced in a

)

U increases and LFG

moist  environment and CHgy

12
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flow increases

oxidation is disadvantaged by lack of

O3 (pores occupied by H,0)

Soil Humidity | Rachor etal., 2013 | Negative Correlation (-): | CHs oxidation is favoured, more

(8)) U increases and LFG | favourable environment for
flow decreases metanotroph bacteria

Wind Velocity | McBain et al., | Positive Correlation (+): | Diffusive resistance is lowered, the

(v) 2005 v increases and LFG | boundary layer thickness decreases
flow increases

Wind Velocity | Rachor et al., 2013; | Negative Correlation (-): | Wind  velocity  influences the

(v) Reinhart et al, | v increases and LFG | pressure value on soil surface, P

1992 flow decreases increases
Rainfalls (p) Rachor et al., 2013 | Negative Correlation (-): | Cork effect, water prevents LFG

p increases and LFG

flow decreases

from going into the atmosphere

Results and discussion

Definition of the sampling method

Fig. 2 shows LFG specific flow data obtained in the different sampling points for all experimental

campaigns. In order to define the most suitable sampling method, emission data obtained with the SH

have been compared with those obtained with the FC until March: the comparison showed no dramatic

differences between the two methods (Fig. 3).

13
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Figure 2. Results of the experimental campaigns (specific LFG flow rates in | m2 h1).
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The average flux highlighted in Fig. 2 is obtained computing the arithmetic mean, in accordance with the
criteria in the guideline of the UK Environment Agency (UK-EA, 2010).

The mean specific LFG flux value turned out to be 0.39 | m? h'l. There is a significant variability of the
experimental data (Fig. 2), which is the case in environmental measurement campaigns, since the
measurement is highly affected by different factors. In Fig. 2, the majority of the flux values are rather
low while the high ones represent a smaller share. The method adopted to assess the LFG flux has been
used in a recent publication to assess odour emissions from landfill surfaces (Lucernoni et al., 2016a).

By plotting the LFG flux data (Fig. 3) with the SH data on the x-axis and the FC data on the y-axis, it is
possible to see how the resulting points are very close to the line representing perfect equivalence
between the two methods (i.e. x=y). Once verified that both methods provide similar results in terms of
CH, — and thus also in terms of related odour — emission fluxes, it was decided to prefer the SH method,
since it is less demanding especially as far as logistics is concerned, as it does not involve the need to

provide a neutral sweep air flow (i.e. no need to transport and consume air bottles, or to use a rotameter).

18
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QLFG, Flux Chamb 1 /
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Figure 3. Comparison between LFG emission data obtained with FC and SH *

(December 2014 — March 2015).
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The mean specific LFG flow rate derived from the experimental measurements turned out to be equal to
0.39 | m? h'. This value is similar to that found in literature in a study by Palmiotto et al. (2014), in a
MSW landfill located also in Northern Italy, which is likely to have both landfilled waste quality and
landfill management operations similar to those of the landfill considered for this study. In that case, the
obtained surface LFG flux is equal to 0.2 | m h'? (Palmiotto et al., 2014). In parallel, a CFD simulation
of the sampling with the hood was performed to see if the sampling system adopted was proper for the
study.

CFD simulation of the sampling procedure with SH

In order to verify the assumptions of linear growth of the CH4 concentration inside the SH and of
equivalence of measured CH, concentration and average CH, concentration inside the hood, which the
adopted sampling method relies on, it was decided to evaluate the CH, concentration at some specific
points inside the hood with a CFD simulation. The LFG specific flux imposed as source term for the CFD
simulations is not 0.39 | m2 h, as finally resulting from the experimental campaigns, but 0.25 | m2 h,
This discrepancy is because it was necessary to run the preliminary simulations by means of CFD to
describe the fluid-dynamic behaviour of the hood before completing the experimental campaigns in the
field to validate the sampling system. For this reason, the specific LFG flux of 0.25 | m?2 h! used for the
simulations is a partial result that was obtained after the first campaigns. The fact that the “true” value
resulting after completion of the experimental data collection turned out to be 0.39 I m2 h, does not
affect the significance and validity of the CFD simulations, since the two values do not differ
substantially. In order to confirm this assumptions other simulations were run subsequently changing the
LFG specific flux in a range from 0.05 | m2 h* to 1 | m2 h%, as described in the paper by Lucernoni et al.
(2016h).

Fig. 4 shows the results of the simulation relevant to the point at the outlet orifice on top of the hood,

where the shorter tube is attached and where the FID is inserted for the concentration measurement. The
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values at each minute from 0 to 10 in kmol m3 and the resulting plot over time are reported. It is possible
to observe that the concentration points are linearly interpolated, with a correlation index R? of 0.9991,
confirming the first hypothesis of linear increase of the CH4 concentration inside the hood. This linear

growth for short horizon times is observed for all the points on the central axis of the hood.

OUTLET CONCENTRATION
a OUTLET CONCENTRATION b ¢
t[s] Cena [kmol m’3] 9.00E-06
¥ >
60 3.98E-07 8.00606 e
7.00E-06
120 1.176-06 600806 e
180 1.976-06 Cou 500E06 //’/
240 2.78E-06 kmol m3 4.00€-06 /
300 3.676-06 300606 L
2.00E-06
360 4.59E-06 L00E.06 P
420 5.526-06 ootee0 |7 ‘ ‘ ‘ ‘ ‘
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540 7.34E-06 Time
H
600 8.23E-06

Figure 4. Methane concentration values over time (a), concentration trend over time at the hood outlet

(b) and mesh representation for the device highlighting the outlet (c).

The CFD simulation also allowed to verify the second assumption - that the CH, concentration read by
the FID is representative of the average CH4 concentration inside the hood - by analysing the CH4
concentration contours inside the hood over time, i.e. during the first 10 min in which the SH is
positioned over the landfill surface and during the following 2 min of the FID measurement duration.

The LFG flow rate considered as source term (i.e. 0.25 I m~2 h™1) is rather low, so no mixing is foreseen
inside the hood; this was confirmed by the simulation showing that the CH, concentration distribution
inside the SH after 10 min is not homogeneous, but stratified (Fig. 5a). The simulation results sketched in
Fig. 5a show also that the stratification is bell shaped, the typical concentration distribution in case of
plug flow with axial diffusion: this is corroborated by the order of magnitude of the diffusive velocity, 10
4m s, higher than the convective velocity inside the hood, order of magnitude of 107 m s. Thus, after

the established “deposition” time of 10 min, the CH, concentration at the sampling point (the outlet), is

17
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equal to 196 pumol mol™, a value very close to the average CH4 concentration inside the hood after 10 min
(which contour is highlighted with the dashed line in Fig. 5a), equal to 208 umol mol?, which can also be
calculated as shown in Eq. 5:

_ QLFG*CCH 4 LFG*At*Sh
CcHy, = v (5)

After the FID operation time of 2 min (Fig. 5b), the system is perturbed with respect to the static
deposition period (Fig. 5a), giving a fairly mixed system. The simulation results show that the CH,
concentration at the sampling point after this time (10 + 2 min) is 260 umol mol*?, compared to an
average CH4 concentration in the chamber of 248 umol mol?. These results confirm both the
appropriateness of the choice of the sampling point and consequently the legitimacy of the assumption of
considering the CH,4 concentration value measured with the FID at the sampling point as representative of
the average CH, concentration inside the hood. A more detailed study of the trend of concentration inside
the hood and the validation of the CFD results with the experimental data has been presented elsewhere

(Lucernoni et al., 2016b).
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Figure 5. CH4 concentration distribution after 10 min (a) and after 10+2 min (b).
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LFG emissions and meteorological parameters

The first step of this part of the work was the selection of the meteorological parameters deemed as the
most influential on the LFG emissions. The wind velocity and the wind direction were excluded since the
sampling method adopted is a hood isolating the sampling area, making the action of the wind
uninfluential, especially for the present study where the source is located in a region characterized by
weak winds. Air temperature proved to have a small influence on emissions, probably because the waste
decomposition process is in an advanced stage and external air temperature has a minimal influence on
the phenomenon. There could be also an alternative explanation: considering that the air temperature only
has an influence on soil temperature up to a certain depth (1-2 m below the surface), the temperature in
the landfill body is typically constant. As most of the waste is located deeper than that, it is possible that
the air temperature will not affect LFG generation.

On the other hand, there are some studies in literature investigating the effects of temperature on
microbial methane oxidation in landfill cover soils, which might thus have measurable consequences on
methane emissions from the landfill surface to the atmosphere (e.g., Borjesson et al., 2004; Einola et al.,
2007; Spokas & Bogner, 2011). However, most of these studies have been performed on a laboratory-
scale or by isolating a portion of the cover soil to be tested, and in general, up to now, there have been
very few field studies that have attempted to investigate the relative contribution of the effective temporal
dynamics and the relative contribution of such environmental parameters directly on landfill surfaces
(Scheutz et al., 2009). For this reason it is very difficult to make accurate and quantitative considerations
about the possibility that temperature is negatively correlated to CH,4 emissions from landfill surfaces.
Moreover, in those laboratory studies, significant variations of CH, emissions were observed only for
considerable temperature differences by controlling other parameters. For this study, samples were
collected always in the morning, giving that the temperature differences were significant only when

comparing measurements carried out in different seasons, and in such a long time frame and with other
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parameters affecting the CH4 emissions more than temperature, it is unlikely that such effects of
temperature on the potential of methane oxidation are observed.

Air humidity seems to not have a significant influence on LFG emissions, which was hypothesized a
priori since the there is no theoretical justification for that and no mention of a possible influence of air
humidity on the emissions was found in literature neither. Up to now, there are no conclusive evidences
that solar radiation directly affects the emissions, even if several undergoing researches are trying to study
a possible cross-correlation between radiation and atmospheric pressure, since both parameters are
indicative of the weather conditions. Rainfalls were not investigated directly as a parameter, it was
preferred to consider the soil humidity. Therefore, the variables considered for the study were
atmospheric pressure and soil humidity. As explained in the scientific literature, it is possible to ascribe
the negative influence of pressure increase on LFG emissions to a phenomenon called landfill
“respiration”: in some cases, a weak negative correlation was found between the two variables. According
to this explanation, a pressure increase “pushes” the biogas into the soil, obstructing the emission. In
order to investigate the effectiveness of this hypothesis, the daily and monthly pressure trends were
analysed as well as the pressure gradients during the 3 and 6 hours preceding each campaign. The only
correlations that were identified are those between emissions and instantaneous pressure at the time of the
sampling, and the average pressure in the preceding 24 hours and 48 hours. The preliminary analysis of
the data shows a correlation that — differently from what has been found in some other studies — is
positive; even though weak, the correlation seems to indicate an increase of the LFG emission with
atmospheric pressure. This observed correlation might be partially explained based on some
considerations found in the manual “Solid Waste Engineering” by Sirini et al. (2010), which in Chapter

15 discusses the migration of trace gases across the landfill surface (Eq. 6).

_ Di*“4/3 *(Ciatm=Cis*Wi)
- L

Ji (6)
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The authors indicate that the emission flux of the specific gas (J;) is a function of several parameters, such
as molecular diffusivity (D;), soil porosity (a), atmospheric gas concentration (Ciam), Saturation gas
concentration (Cis), scaling factor (W) and landfill covering thickness (L). It is possible to assume that all
the parameters contained in the equation are not affected by atmospheric pressure, except the diffusivity,
which is related to the soil porosity. Therefore, it is possible that, since high pressure indicates a “no-rain
condition”, the soil porosity will be higher and thus emission will be higher as well.

As an example, the correlation between specific LFG flow rate and atmospheric pressure (instantaneous

and average of the preceding 24 hours) relevant to sampling point #3 is shown in Fig. 6a and 6b.
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Figure 6. Landfill gas emission vs. environmental parameters. LFG emission vs. atmospheric pressure at
the time of sampling (a) and vs. average atmospheric pressure in the 24 h preceding the sampling (b) and

vs. soil humidity (c).

Concerning the correlation between LFG emissions and soil humidity, a positive correlation was found
and the LFG emission seems to increase with the soil humidity (e.g. Fig. 6¢ shows the correlation
between LFG emission and soil humidity relevant to sampling point #3). This only is true in the case of
no-rain, since during rainfall a sort of “cork” effect is observed due to the obstruction of the pores and
thus reduced diffusivity, and measured emissions from the landfill surface are 0. In order to give an
explanation to this experimental evidence, some considerations about the operation of the studied landfill
should be made. In the examined landfill the common practice of “leachate recirculation” inside the waste
mass is not performed, the leachate formed during waste fermentation is compelled by gravity to move
downwards, giving that the upper levels of waste will be typically dry and thus generate less biogas due to
slower fermentation Kinetics. Moreover, given that the closed allotments of the studied landfill are not
fully waterproofed, during rainfall, water trickles across the soil wetting those wastes stored in the upper
levels, which are normally dry: this might speed up the LFG production kinetics and cause higher
emissions. However, there may be an alternative reason as well: the hotspots can be assumed to contain
wider pores than the soil around these hotspots. Therefore, if it starts raining the pores in the soil may be
obstructed more and earlier than the pores in the hotspot. This may drive a larger portion of the emission
through the hotspot without affecting the overall landfill emission.

The correlation observed in Fig. 6¢ looks more exponential than linear. This observation would be
coherent with the influence of the humidity found in most expressions for the CH4 production kinetics via
waste fermentation. As an example, the equation used by the US-EPA software LandGEM (Alexander et
al., 2005) describes an exponential trend whereby the exponent contains the kinetic constant (k), which

depends mainly on the soil humidity:
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Conclusions

The first aim of the work was the definition of a reliable and reproducible sampling procedure. The
optimal procedure defined is based on the use of a SH, with a static sampling time of 10 min followed by
2 min required by the FID for the CH,4 concentration measurement. The CFD simulations confirmed the
basic assumptions for the definition of this sampling method: linear CH4 concentration growth during the
established sampling time and equivalence between measured CH, concentration and average CHa
concentration inside the hood, as well as the appropriateness of the chosen sampling point.

The second aim was a preliminary study of the correlation between LFG emissions and meteorological
parameters; the most influential parameters were identified, these being atmospheric pressure and soil
humidity. Some preliminary positive correlations were observed between those parameters and the LFG

emission from the landfill surface.
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