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Abstract. This study focuses on heat extraction from municipal solid waste (MSW)
landfills, which provide a long-term heat source that can be exploited for heating
buildings. An interesting aspect of MSW is that heat is generated via anaerobic
biodegradation of the waste during heat extraction. This paper provides preliminary
data on heat generation in MSW obtained from an instrumented landfill cell in San
Diego that incorporates an array of geothermal heat exchangers.
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1. Introduction

The heat generated during the biodegradation of municipal solid waste (MSW) placed in
landfills can elevate waste temperatures to values greater than 50°C which can be
sustained for several decades. This heat can be extracted and used directly as an
alternative source of thermal energy in nearby facilities [1]. Further, controlled heat
extraction can also allow a landfill operator to control the temperatures within the waste
and consequently optimize the methane generation, accelerate settlements, and reduce
the temperature gradient across the landfill base liner, minimizing the potential for clay
liner desiccation or geomembrane damage [2-8].

To design heat extraction systems in MSW landfills, the process of heat transfer
within the cell can be simplified by assuming it occurs solely due to heat conduction.
The form of the heat conduction equation applicable to MSW landfills that may be
undergoing heat generation is given as follows:
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where T is the temperature of the waste, ¢ is time, x is the spatial variable, a, ¢ and p are
the thermal diffusivity, specific heat and density of the waste, respectively, and Q is a
function used to describe the heat generated per unit time per unit volume. In the
simulation of short-time heat extraction, the term Q/cp may be neglected, especially if
the extraction occurs during the anaerobic phase of the biodegradation process when heat
generation rates are significantly slower than the aerobic phase in the presence of oxygen.
However, for a longer heat extraction process the heat generated within the waste must
be considered. Factors such as waste composition and age, oxygen availability and
climate conditions might affect the heat generation rate and, consequently, the maximum
temperatures reached within the MSW cell [9, 10].

To better understand the development of temperatures within an MSW landfill and
the variation of the heat generation rate as a function of time and temperature, three
temperature sensors were installed in a newly-constructed landfill cell in Santee, CA, as
shown in Figure 1. The thermistor string was placed on top of a lift of waste, 6m from
the base liner, and had sensors placed at 16.8 m, 32.0 m and 47.2 m from the edge of the
cell. A fourth thermistor was installed in the data logger to measure the air temperature
during the monitoring period. After its installation, the thermistor string was covered
with 150 mm ofsilty soil to prevent damaging by the waste components, followed by the
placement of four lifts of MSW on top of the string, totalizing 24 m of waste. Additional
thermistor strings and a system of geothermal heat exchanger pipes were installed in the
same cell to monitor a heat extraction experiment and estimate the in situ MSW thermal
properties. The effects of heat generation on the heat extraction experiment will be
presented in the full paper associated with this extended abstract.
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Figure 1. Cross-section showing the position of the thermistor string within the landfill.

2. Results and analysis

The waste temperature was monitored for 13 months and its evolution is presented in
Figure 2, along with the air temperature for the period. The maximum temperature
measured was approximately 51°C for all three sensors and was observed in less than
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one year, confirming the potential for heat extraction in a short-term after the waste
placement. After reaching those maximum values, the temperatures remained stable for
the rest of the monitoring period. The gap in data observed in the figure was the result of
technical issues with the datalogger battery, but the trend in the data is clear.
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Figure 2. Temperature time series obtained for a 13-month monitoring period following waste placement.

The accumulated heat generated per unit volume of MSW was calculated based on
the gain of temperature in time and using the average waste volumetric heat capacity of
0.84 MJ/m*°C. Since the waste at the sensors’ locations was not affected by daily
variations in temperature, it was assumed that no heat was lost to the environment, so all
the heat generated in those locations was used to increase the temperature of the waste.
The results obtained for the sensor positioned 32.0 m from the cell edge are shown in
Figure 3(a), and the line trend is similar to the temperature evolution behavior, presenting
a faster increase in the first months after waste placement and tending to a stable
maximum value. A nearly stable value of accumulated heat generated suggests a low
heat generation rate, enough only to balance eventual heat losses and keep the
temperatures nearly constant. Since the results of the temperature evolution with time,
and consequently heat generated, were similar for all sensors, the analysis for sensors
16.8 m and 47.2 m are not shown for brevity.

The heat generation rate was calculated as the variation of the heat generated per
unit time and its variation in time is presented in Figure 3(b) for the first 50 days of
monitoring, to highlight the interval in which it is highly variable. The values of heat
generation rate observed after this period tend to stabilize around 0.5 W/m?, which is
within the range of values estimated in literature [11, 12]. The peak values observed in
the first 10 days of monitoring likely correspond to the aerobic stage of the
biodegradation. However, this stage generally corresponds to 20 to 30% of the total
increase in temperature in the landfill, while the remaining occurs due to anaerobic
biodegradation [9]. Since the gain in temperature observed in the first 10 days
corresponds to nearly 50% of the total increase in temperature, it is possible that the
biodegradation of the monitored waste is already partially anaerobic at this point. The
variation of the heat generation rate as a function of the temperature is presented in
Figure 3(c) and it shows that the peak in heat generation rate occurs around 35 °C, which
is also the temperature of peak methanogenic mesophilic bacterial activity [4, 13].
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Figure 3. Estimates of heat generation at the location 32.0 m from the slope face: (a) Accumulated heat
generated; (b) Heat generation rate as function of time; (c) Heat generation rate as function of temperature.
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3. Conclusions

A clear correlation between the peak heat generation rate of the waste and temperature
is observed in this study, with a peak heat generation rate at a waste temperature of
approximately 35 °C. However, some of this heat may have been generated due to the
presence of oxygen during the aerobic stage of biodegradation, and some may have been
generated in the subsequent anaerobic stage of biodegradation. Further analysis of
temperature recovery after a heat extraction experiment carried out during the anaerobic
stage of biodegradation presented in a full paper following this extended abstract will
help distinguish between the heat generation in these two stages. Numerical simulations
of Equation (1) will be shown using the temperature-dependent heat-generation data to
show the impacts on thermal energy extraction from MSW.
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