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Abstract: Municipal solid waste (MSW) landfills are one of the main sources of greenhouse gas 
emissions. Biogas is formed under anaerobic conditions by decomposition of the organic matter 
present in waste. The estimation of biogas production, which depends fundamentally on the type 
of waste deposited in the landfill, is essential when designing the gas capture system and the 
possible generation of energy. BIOLEACH, a mathematical model for the real-time management of 
MSW landfills, enables the estimation of biogas generation based on the waste mix characteristics 
and the local meteorological conditions. This work studies the impact of installing selective organic 
matter collection systems on landfill biogas production. These systems reduce the content of food 
waste that will eventually be deposited in the landfill. Results obtained using BIOLEACH on a set 
of scenarios under real climate conditions in a real landfill located in the Region of Murcia (Spain) 
are shown. Results demonstrate that actual CH4 and CO2 production depends fundamentally on the 
monthly amount of waste stored in the landfill, its chemical composition and the availability and 
distribution of water inside the landfill mass. 
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1. Introduction 

In municipal solid waste (MSW) landfills, biogas originates under anaerobic conditions from the 
decomposition of organic matter present in the waste [1–3]. Biogas is made up of a mixture of gases 
composed mainly of methane (CH4) and carbon dioxide (CO2), along with other gases such as 
nitrogen (N2), oxygen (O2) and other compounds in smaller proportions (hydrogen sulfide (H2S), 
benzene (C6H6), mercury vapor [4,5]. 

The main composition of the biogas will depend on how the organic matter degradation process 
develops, while the appearance of compounds in trace amounts is linked to the chemical composition 
of the waste [6,7]. 

Methane, carbon dioxide and other halocarbon compounds present in biogas are gases that 
contribute to the greenhouse effect, that is, they prevent infrared radiation from leaving the 
atmosphere by absorbing it and this process generates heat that returns to the Earth’s surface [8]. 
Despite the fact that methane is, in order of importance due to the greenhouse effect, behind carbon 
dioxide, its warming potential is 28 times higher [9]. 

Sometimes, the presence of high nitrogen content in the waste deposited inside the landfill 
causes emissions of nitrous oxide, which increases the warming of the atmosphere [10]. Halocarbon 
compounds, which can also be found in biogas, degrade the ozone layer and increase the greenhouse 
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effect [11,12]. Solid urban waste landfills constitute one of the largest sources of methane emissions, 
representing between 12% and 19% of total emissions [2,13,14]. 

Therefore, the main reasons why it is important to capture and control biogas in landfills are 
[15–18]: (i) reduce possible negative effects on human health and the environmental balance; (ii) 
reduce greenhouse gas emissions, and (iii) take advantage of the potential of biogas for energy 
cogeneration. 

The average composition of biogas from MSW landfills is shown in Table 1. 

Table 1. Average composition of biogas from MSW landfills. 

Component Average Value (% Vol) 
1 2 (MOV) 3 4 5 6 7 

CH4 63.8 88 40–60 45–60 35–60 60 63.4 
CO2 33.6 89.3 40–60 40–60 35–45 39.62 18 
O2 0.16 20.9 -  0–2.5 0.55 4.8 
N2 2.4 87 5 2–5 0–20 - 13.8 
H 0.05 21.1 - 0–0.2 - - - 

H2O 1.8 4 - - 1–10 - - 
CO - - 0.001 0–0.2 - 49.52 * - 
NH3 - - 30 0–0.2 - - - 
H2S - - 0.015 0–1 0–0.1 34.21 * 11 

(1 and 2) [19] (3) [15] (4) [20] (5) [21] (6) [8] (7) [22]. (MOV) Maximum observed value (*) ppm 

The phases of degradation and decomposition of the organic matter present in the waste 
deposited in the landfill have been studied in numerous investigations. However, the number of 
these phases varies between the different authors: three phases [12,20], four phases [14,21,23,24], five 
phases [15,25–27] and eight phases [28]. 

The disparity in the number of phases considered is fundamentally due to the fact that the results 
cannot be extrapolated because the experiments are usually carried out in lysimeters, under 
controlled conditions in the laboratory, or in cells at landfill scale [25,26,29,30]. Furthermore, these 
studies do not usually provide enough information about the composition of the waste, the 
characteristics of the simulated landfill and the climatic conditions considered, which are 
fundamental parameters when estimating biogas production. Figure 1 shows the process of the 
stabilization of waste from the degradation of organic matter in five sequential phases. 

 
Figure 1. Phases of the biogas formation process inside a MSW landfill [25]. 
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As the waste is deposited in the landfill continuously and progressively, in a given landfill these 
phases overlap continuously over time [8]. 

The amount of biogas produced in landfills, as well as its rate of formation or its composition, 
depend on several factors [1,12,13]: (i) characteristics of the waste (total mass stored in the landfill, 
content of organic matter, moisture, existence of nutrients and inhibitors of methanogenic activity), 
(ii) waste treatment technologies (classification, particle size, leachate recirculation); (iii) landfill 
characteristics (topography, operation method, leachate management, biogas management, 
intermediate regularization layers), and (iv) weather conditions (precipitation, temperature and 
evaporation). 

Along with the presence of organic matter inside the waste mix, one of the most determining 
parameters in biogas production is the moisture content present inside the landfill [29,31–33]. 
Optimal humidity conditions favor the transport and growth of bacteria and nutrients [27], 
improving the degradation of organic matter [20,28] and, consequently, biogas production. 

2. Landfill Biogas Production 

2.1. Parameters That Control Biogas Production 

Biogas production in waste landfills over time can be estimated from numerical models. Most 
of these biogas models focus on estimating methane production [34,35]. 

In its simplest form, biogas models estimate the methane that is generated by a unit amount of 
waste deposited at a point in the landfill at a given time. The total methane generation is the sum of 
all the gas generated by all the waste deposited in the landfill. In general, calculations are usually 
performed on an annual scale [36]. 

In practice, obtaining the data necessary to estimate biogas production in landfills is difficult. 
Usually, much of the data required to be able to carry out the modeling is not available, so the 
information needed to run the emission models is usually estimated from theoretical arguments or 
secondary variables. Even when data are available, they are generally only a statistical representation 
of actual values [37]. All this causes the results of the models that estimate biogas production to differ 
considerably from field measurements [3,25,36–39]. 

However, the application of biogas generation estimation models provides advantages, as long 
as their use is carried out knowing the limitations and deviations that they may present with respect 
to the actual biogas production, which in some cases can be greater than 50% [12]. 

The use of specific data and the development of individualized models for each landfill can 
contribute to reducing this uncertainty and obtaining biogas estimates that are more adjusted to the 
actual generation. 

Most of the models that estimate biogas production in MSW landfills, regardless of their 
complexity, type or validation, consider the following parameters [27,40]: (i) initial biogas production 
potential (expected volume of gas generated from a certain amount of waste); (ii) accumulated biogas 
production (volume of gas actually produced in a given time from a certain amount of waste); (iii) 
biogas production potential (volume of gas that will be generated after a certain time from a certain 
amount of waste), and (iv) biogas generation rate (volume of gas produced from a certain amount of 
waste over time). 

The potential for biogas production is estimated based on stoichiometric equations that 
reproduce the degradation of organic matter present in the waste. The biogas generation rate is 
calculated using kinetic models. 

2.1.1. Stoichiometric Equations 

Inside the landfill, physical, chemical and biological reactions take place, transforming complex 
compounds present in the waste into simpler and, above all, more stable compounds. These reactions 
alter the characteristics of the waste and achieve, over time, the stabilization of the mass deposited in 
the landfill [15,27]. 
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The degradation of the organic matter contained in the waste occurs because there is a substrate 
with nutrients (carbon, hydrogen, oxygen, nitrogen) that contributes to the growth of existing 
microorganisms, which transform the substrate into gases such as carbon dioxide and methane [41]. 

The stoichiometric equations that govern the chemical reactions inside the waste mass are 
influenced by the environmental conditions imposed [42]. When evaluating biogas generated in 
landfills, the degradation of organic matter occurs under anaerobic conditions. 

From these equations, the maximum theoretical (potential) production of biogas can be 
evaluated, adjusting the stoichiometry of the reaction to the available data on the composition of 
waste and organic matter present in it. 

There are different formulations that describe the anaerobic degradation of organic matter, 
distinguishing between equations that contemplate the complete decomposition of organic matter 
[15,43–45] and those that subject organic matter to incomplete degradation [46,47]. 

Given the high uncertainty when estimating biogas production in a MSW landfill, when these 
stoichiometric equations are used in the modeling, it is normally preferred to consider those that 
consider complete degradation, since they are easier to adjust and do not introduce additional 
uncertainty. The equations for partial degradation of organic matter should only be used when 
specific data on the composition of the mass of waste deposited in the landfill became available after 
sufficient time had elapsed for the degradation of organic matter to have fully developed. These data 
are not usually available in real situations. The stoichiometric equations that express the total 
degradation of organic matter require ideal conditions to be met in the landfill, since it is considered 
that the entire biodegradable fraction decomposes and generates biogas. The result obtained indicates 
the maximum theoretical limit for biogas generation. 

2.1.2. Reaction Kinetics 

The speed with which biogas is produced in a MSW landfill does not remain constant over time. 
The temporal evolution of the biogas generation rate in landfills can be established from different 
mathematical approaches [38]: (i) simple empirical functions with global kinetic parameters; (ii) 
complex functions that try to represent the individual kinetics of the processes that take place during 
the biodegradation of the waste, and (iii) numerical models. 

Most models work with global kinetic parameters, which are empirically adjusted so that the 
calculated production rates coincide with the observed production rates. Usually, an initial period is 
considered during which no biogas is generated (or its production is minimal), followed by an active 
period of generation, represented by linear and/or exponential relationships (or their combinations) 
[27,38]. 

The main difficulty when modeling biogas production is not only knowing the amount of gas 
produced, but also the speed and duration of the process [48]. Equation (1) is the general equation 
that governs biogas production: dCdt = fሺt, C୬ሻ (1) 

where t represents time and C the amount of methane or biodegradable matter. That is, Equation (1) 
can express both the rate of degradation of the material and the rate of generation of biogas. The 
exponent n is the order of the model or, which is the same, the order of the kinetic reaction [49]. 

To simulate biogas production every numerical model uses just a specific formulation of 
Equation (1). This work introduces the BIOLEACH model as a numerical approach to estimate jointly 
leachate and biogas production in MSW landfills. considering the triangular model described in 
Section 3. 

2.2. Biogas Production Models 

The first models for evaluating biogas production in MSW landfills were developed in the 1970s 
[49]. These models tried to establish a rational basis for predicting biogas production based on limited 
data [50]. Later, quantitative models appeared [29] and models that used zero order and first order 
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kinetic equations [51]. However, these models that described the generation of biogas over time were 
difficult to verify due to the limited availability of field data [47]. 

Different studies have shown that a landfill is a complex system in which different coupled 
processes converge: hydraulic, thermal, biological and mechanical, among others. These processes 
need to be analyzed together in order to be able to evaluate the behavior of the landfill in a more 
realistic way. Table 2 shows a non-exhaustive list of identified studies in which coupled process 
models have been developed in MSW landfills. 

Table 2. Available models for the analysis of coupled processes in MSW landfills. 

Model 
Coupled Processes Considered by the Model 

Thermal Hydraulic Mechanical Biological Biogas 
MODUELO [52]  x x x x 

LDAT [53]  x x x x 
[54]  x x x x 
[55]  x x x x 
[56]  x x x x 
[57]  x x x x 
[58]  x x x x 
[59]  x x x  

[60]  x x x  

[61]  x x x  

[62]   x x x 
[63]   x x x 
[64]   x x  

CODE_BRIGHT [65] x x x  x 
[66] x x  x  

BIOKEMOD-3P [67] x x  x  

[68] x x  x  

[69] x x   x 
[70]  x   x 

LAST [71]  x   x 
[72] x   x x 

T2LBM [73]  x  x x 
[74]  x  x x 
[75]  x  x x 

FLS [76]  x  x x 
BIOLEACH [77]  x  x x 

3. Materials and Methods 

3.1. BIOLEACH Model 

BIOLEACH [77] is a mathematical model for the real-time management of urban solid waste 
landfills. The model allows for joint estimations of leachate and biogas production and incorporates 
the possibility of simulating leachate recirculation, both on the landfill surface and inside the waste 
mass, being therefore also suitable for simulating bioreactor landfills. 

The BIOLEACH model has been conceived to be a decision support tool to ensure optimal 
landfill management. It can be used by the landfill operator avoiding the use of parameters that may 
be difficult to obtain. 

The production of landfill gas and the generation of leachate are considered by the model as 
coupled processes. The biogas generation calculations are carried out at the same time as the leachate 
production calculations considering the physicochemical conditions actually existing inside the 
waste mass and the corresponding water balances. 

BIOLEACH uses waste production data on a monthly scale, which gives it enough flexibility to 
adapt the model to possible variations arising from the real management needs of waste treatment 
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facilities. Likewise, the model uses values of the climatological parameters on a monthly scale 
obtained from local meteorological stations, so that the simulations incorporate as much information 
as possible. Figure 2 shows the conceptual model implemented in BIOLEACH. 

The model serves as support for decision-making in the daily management of the landfill, 
responding to the real needs that the operator must face. The model considers that the landfill 
receives a known quantity of previously characterized waste under certain meteorological conditions 
and the availability of a limited volume of leachate storage in the pond. 

 
Figure 2. BIOLEACH conceptual model. 

Having a landfill management model that informs about the optimal operating rules, which 
guarantee that biogas production is maximum, is of paramount importance to meet the objectives set 
by current legislation on environmental protection. 

3.2. Optimal Monthly Biogas Production Calculation 

In order to estimate the optimal monthly biogas production, it is necessary to know the 
characterization of the waste stored in the landfill. The characterization data include the total weight 
of each of the waste components, its moisture content and the masses of C, H, O and N included in 
the organic fraction of the waste. For the calculation of biogas production, the model considers both 
the rapidly decomposable (RDW) and the slowly decomposable (SDW) waste fractions, as well as the 
non-decomposable waste fraction (NDW) that usually results from process inefficiencies prior to 
separation in the event that the waste comes from a treatment plant. 

Of all the stoichiometric formulations that describe the anaerobic degradation process of organic 
matter included in a MSW landfill, BIOLEACH has implemented the one shown in Equation (2), 
which enables the estimation of biogas production under optimal conditions (those that produce 
complete biodegradation of organic matter contained in the waste), depending on the chemical 
composition of the MSW and neglecting the effects of the presence of sulfur [15]: CୟHୠOୡNୢ ൅ ൬4a െ b െ 2c ൅ 3d4 ൰HଶO→ ൬4a ൅ b െ 2c െ 3d4 ൰CHସ ൅ ൬4a െ b ൅ 2c ൅ 3d4 ൰COଶ ൅ dNHଷ 

(2) 

The term CaHbOcNd represents in molar base the organic matter composition at the beginning of 
the process. The coefficients a, b, c and d are the stoichiometric indexes of carbon, hydrogen, oxygen, 
and nitrogen, respectively. These coefficients are automatically calibrated by the model for a given 
mix of waste stored in the landfill. Their values depend on the proportions of the different 
components present in the waste mix. The above methodology assumes that the biodegradable 
organic fraction of the waste is completely stabilized and eventually degrades to form methane, 
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carbon dioxide and ammonia. The speed of this conversion depends on the content of RDW and SDW 
within the waste mass and on the availability of water, which is a limiting factor as its absence can 
inhibit the biogas formation process. 

Thus, BIOLEACH calculates the maximum biogas production independently for the rapidly 
biodegradable and for the slowly biodegradable fraction. The model considers that the kinetics of the 
organic matter degradation reaction follows a triangular pattern. The user must calibrate the 
percentage of MSW that is effectively available to be degraded and, in addition, must specify the 
parameters of the triangular model. These parameters are: (i) time used to reach the complete 
degradation of the RDW and SDW fractions, and (ii) time in which the maximum biodegradation rate 
is reached for the RDW and SDW fractions. 

The model allows one to establish the percentage of the waste that is effectively available for its 
total degradation, distinguishing between the percentage corresponding to the RDW fraction and the 
SDW. According to [15], these values are lower than 75% for RDW and 50% for SDW, which shows 
that, even after the completion of the biogas formation process, a high content of organic matter will 
still be stored inside the dump. 

Figure 3 shows the flow diagram for calculating the maximum monthly biogas production based 
on the values of the three factors described above. 

 
Figure 3. Flowchart for calculating the maximum monthly biogas production. 

Next, the reaction kinetic model to establish the unit rate of biogas formation is described in 
greater detail. (m3 biogas/kg MSW every month) corresponding to each of the MSW fractions (RDW 
and SDW). Among the different existing reaction kinetic models for calculating biogas, due to its 
simplicity, the triangular decomposition model has been the one finally implemented in BIOLEACH. 
This triangular model has been independently defined to describe the degradation processes of the 
RDW and SDW fractions. 

For the rapidly biodegradable fraction (Figure 4): (i) total decomposition period = 5 years, and 
(ii) the maximum rate of biogas formation occurs 1 year after the discharge of the RDW into the 
landfill. 
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Figure 4. Monthly biogas production rate per kg of RDW. Triangular kinetic model. 

For the slowly biodegradable fraction (Figure 5): (i) total decomposition period = 15 years, and 
(ii) the maximum biogas formation rate occurs 5 years after the discharge of the SDW into the landfill. 

 
Figure 5. Monthly biogas production rate per kg of SDW. Triangular kinetic model. 

Therefore, to calculate biogas production at a certain moment, the age of the waste that has been 
previously deposited in the landfill must be taken into account, since the biogas production rates are 
different depending on the time elapsed from discharge to the instant of calculation. In accordance 
with all the aforementioned, the maximum biogas production at a given moment is obtained as a 
convolution of all the productions of both waste fractions (RDW and SDW) deposited in the landfill 
from its start-up to the calculation date. 

Figure 6 illustrates this convolution process. BIOLEACH considers a temporary monthly 
discretization and keeps a strict control of these biogas production rates through the convolution 
process. This monthly temporal discretization is one of the main characteristics of the model, as it 
provides greater flexibility compared to the existing biogas and leachate calculation models at annual 
scale that are commonly used. 
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Figure 6. Maximum biogas production following the triangular kinetic model (in the first five 
months). 

However, under real conditions, maximum biogas production will never be observed, as 
humidity conditions inside the landfill mass will not provide enough water to fully develop the 
organic matter decomposition process given by Equation (2). Therefore, a monthly biogas efficiency 
indicator (BEI) and an overall biogas efficiency indicator (OBEI) for the whole period analyzed (n 
months) can be defined as shown in Equations (3) and (4): BEI௜ = 𝐴𝑐𝑡𝑢𝑎𝑙 𝐵𝑖𝑜𝑔𝑎𝑠 𝑝𝑟𝑜𝑑𝑢𝑐𝑡𝑖𝑜𝑛 𝑖𝑛 𝑚𝑜𝑛𝑡ℎ 𝑖𝑀𝑎𝑥𝑖𝑚𝑢𝑚 𝑏𝑖𝑜𝑔𝑎𝑠 𝑝𝑟𝑜𝑑𝑢𝑐𝑡𝑖𝑜𝑛 𝑖𝑛 𝑚𝑜𝑛𝑡ℎ 𝑖 (3) 

  OBEI = ∑ ஻ாூ೔೙೔సభ௡  (%) (4) 

Evidently, BEI௜  and OBEI  values will vary between 0% (low efficiency) and 100% (high 
efficiency) in terms of biogas production. This index is useful to compare different simulation 
scenarios as shown below. 

4. Application of the BIOLEACH Model to the Estimation of the Biogas Production on a MSW 
Landfill 

4.1. Input Data 

The simulated landfill, located in the Region of Murcia (Spain), began operations in January 2019 
and stores the waste produced at the MSW mechanical−biological treatment plant located nearby. 
This waste treatment plant serves a population of 246,823 inhabitants from eight different 
municipalities. 

The main characteristics of the MSW management system and specific information about the 
waste composition have been provided by the Regional Environmental Agency of the Murcia Region 
and are: (i) the annual waste production stored in the landfill is 66,132 t/year; (ii) the annual growth 
rate of waste production is 0.8%; (iii) the landfill surface exposed to infiltration varies depending on 
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the year of exploitation (from year 1 to year 2, 27,868 m2; from year 3 to year 7, 64,919 m2; from year 
8 to closure 95,664 m2); (iv) the available discharge volume guarantees capacity for 10 years of 
operation, and (v) the facilities attached to the landfill include a leachate storage basin with a 
maximum capacity equal to 4500 m3. 

Table 3 shows the results of the characterization test of the waste deposited in the landfill (on a 
sample of 100 kg) which was considered the reference scenario. After a calibration process, the model 
found that 50% of the RDW and 30% of the SDW were actually available for degradation. 

Table 3. Characterization test and elemental chemical analysis of landfill waste. Reference scenario. 

Type Component Total Weight 
(kg) 

Water Content 
(%) 

C H O N S Ashes 

RDW Food 17.4 50 48.0 6.4 37.6 2.6 0.4 5.0 
RDW Paper 23.8 5 43.5 6.0 44.0 0.3 0.2 6.0 
60% 

RDW 
Garden 
waste 

3.9 30 47.8 6.0 38.0 3.4 0.3 4.5 

SDW Wood 1.1 20 49.5 6.0 42.7 0.2 0.1 1.5 
SDW Textile 22.9 8 55.0 6.6 31.2 4.6 0.2 2.5 

- Plastic 17.1 2 - - - - - - 
- Glass 7.4 0 - - - - - - 
- Metals 1.8 0 - - - - - - 
- Others 4.6 2 - - - - - - 

RDW Food 17.4 50 48.0 6.4 37.6 2.6 0.4 5.0 

Equations (5) and (6) show the stoichiometric reactions of the complete degradation of the 
organic fraction of RDW and SDW respectively for the reference scenario, using the formulation 
shown in Equation (2): CସଽH଼଴OଷହN ൅ 12HଶO → 26CHସ ൅ 24COଶ ൅ NHଷ (5)   CଵହHଶଵO଺N ൅ 7HଶO → 8CHସ ൅ 7COଶ ൅ NHଷ   (6) 

In addition, information was available regarding landfill entries during the period 
January−September 2019. For simulation purposes, the production in the months of October, 
November and December 2019 has been considered equal to the corresponding production in the 
months of January, February and March 2019. Figure 7 shows the evolution of waste entries in the 
landfill for a 10-year simulation period, considering the 0.8% growth rate mentioned above. 

 
Figure 7. Monthly waste deposited in the landfill. 
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The monthly precipitation and actual evaporation data corresponding to the months of January 
to November 2019 were obtained from the local meteorological station. To complete the 10-year series 
necessary to carry out the simulations, the values recorded from 2008 to 2017 were used (Figure 8). 
Likewise, a series of actual evaporation values were available for the same months. 

The actual precipitation and evaporation series showed the typical behavior of a Mediterranean 
basin, registering low precipitation and high evaporation values, with heavy rains concentrated in 
the months of September and October. 

 
Figure 8. Precipitation data for a 10-year simulation period. 

4.2. Simulation Scenarios 

In the municipalities that use the landfill, it is intended to install selective organic matter 
collection systems that will reduce the content of food waste that will eventually be deposited in the 
landfill. For this reason, from an environmental point of view, it is of great interest to know the 
implications that the implementation of these selective collection systems will have on landfill biogas 
production. 

Therefore, three different scenarios have been studied: (i) reference scenario, with the 
characterization indicated in the previous section; (ii) scenario S-25 FW, considering a reduction in 
food waste of 25% compared to the reference scenario, and (iii) scenario S-50 FW, considering a 
reduction in food waste of 50% compared to the reference scenario. 

Figure 9 shows the detail of the waste characterization in each of the three scenarios and their 
corresponding sector diagrams. 

 

 
(a) (b) 
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(c) (d) 

Figure 9. (a) Waste characterization for the three scenarios and sector diagrams for the (b) reference 
scenario, (c) scenario S-25 FW and (d) scenario S-50 FW. 

4.3. Results and Discussion 

Maximum biogas production depends fundamentally on the chemical composition and total 
mass of waste deposited in the landfill. In the particular case analyzed, a landfill in the Region of 
Murcia (Spain), the composition of the waste was such that, by reducing the amount of food waste 
deposited in the landfill, the elemental chemical analysis of the organic components would not 
change significantly. This is largely due to the presence of high amounts of paper and cardboard 
(23.8%) and textiles (22.9%). Therefore, the variation observed in biogas production is fundamentally 
due to the reduction of waste that is deposited in the landfill with respect to the reference scenario 
(4.3% and 8.7%, respectively for the S-25 FW and S-50 FW scenarios) as shown in Figure 10. In this 
way, the total useful life of the landfill is increased. 

 
(a) 

 
(b) 

Figure 10. (a) Maximum cumulative biogas production and (b) actual cumulative biogas production. 

A comparison of results shown in Figure 10a,b leads to interesting findings. For the reference 
scenario, the maximum cumulative biogas production after the 10-year simulation period was 110 
Mm3 while actual biogas production reached 60 Mm3. Results for scenarios S-25 FW and S-50 FW lead 
to efficiencies lower than the one obtained for the reference scenario. A more-in-depth analysis of the 
biogas efficiency process could be obtained using the OBEI indicator as shown below. 

The differences in maximum biogas production with respect to the reference scenario are 7.22% 
(S-25 FW) and 14.34% (S-50 FW). In the case of actual biogas production, the differences with respect 
to the reference scenario are 13.34% (S-25 FW) and 25.67% (S-50 FW). 
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These differences between maximum and actual biogas production are conditioned by the 
presence of humidity inside the landfill. The presence of water inside the landfill combines both the 
humidity of the waste and the net infiltration rate caused by precipitation over the landfill top surface. 
In this particular case study, the waste has a humidity that varies between 13.53% and 9.69%, 
depending on the scenario considered. These values show that the landfill has a relatively low 
humidity that, together with the rainfall regime in the Mediterranean area, implies that the humidity 
inside the landfill moves away from the optimum values needed to generate the potential maximum 
biogas production (Figure 11). 

 
(a) 

(b) (c) 

Figure 11. Monthly biogas production compared to actual monthly biogas production (a) reference 
scenario, (b) scenario S-25 FW, (c) scenario S-50 FW. 

Figure 12 shows the biogas production efficiency for each one of the scenarios using the OBEI 
index defined in Equation (4). As expected, the maximum biogas production efficiency corresponds 
to the reference scenario, as it is the one that contains a higher proportion of organic matter with 
higher humidity content. 

 
Figure 12. Biogas production efficiency (OBEI indicator) for every scenario. 
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Another particular feature of the BIOLEACH model is that it allows one to estimate the real 
production of CH4 and CO2 in every scenario during the whole simulation period at a monthly scale. 

Results in Figure 13 show that, for the particular climate conditions, the maximum monthly CH4 
and CO2 productions are found on month 67. The shape, tendencies and evolution of the biogas 
production curves are similar for every scenario, while the highest productions are found on the 
reference scenario and the lowest on the S-50 FW as expected. 

 
(a) 

 
(b) 

Figure 13. Actual monthly productions of (a) CH4 and (b) CO2 for every scenario. 

5. Conclusions 

The application of the BIOLEACH model to analyze biogas production in a real landfill located 
in the Region of Murcia (Spain) under a set of scenarios that consider different food waste content 
has been shown. Results have been obtained in terms of the maximum and actual CH4 and CO2 
production under real climate conditions. Results demonstrate that actual biogas production depends 
fundamentally on the monthly amount of waste stored in the landfill, its chemical composition and 
the availability and distribution of water inside the landfill mass. 

A set of three scenarios have been analyzed to study the effects that the implementation of 
selective collection systems for food waste and organic matter have on the formation of biogas. 
Results obtained show that by reducing the amount of organic matter from food waste deposited in 
the landfill, the useful life of the facility is increased and the amount of biogas produced during the 
same operating time is reduced. The differences in maximum biogas production with respect to the 
reference scenario are 7.22% (S-25 FW) and 14.34% (S-50 FW). In the case of actual biogas production, 
the differences with respect to the reference scenario are 13.34% (S-25 FW) and 25.67% (S-50 FW). 

To increase efficiency in the production of biogas, and thus achieve the stability of the landfill in 
a shorter time, it would be necessary to increase the humidity present inside the waste mass. In the 
scenarios proposed the efficiency in terms of the OBEI indicator is 55% (reference), 51% (S-25 FW) 
and 47% (S-50 FW). It has also been seen that by reducing the amount of food waste deposited in the 
landfill, the elemental chemical analysis of the organic components does not change significantly. 
This is largely due to the presence of high amounts of paper and cardboard (23.8%) and textiles 
(22.9%). 

Further research using the BIOLEACH model should focus on the analysis of the internal 
distribution of water content inside the waste mass and the evolution of humidity over time in a 
vertical profile of waste. Although this kind of information may be difficult to obtain in real case-
studies, the verification of the model should be performed over time comparing the model results 
with actual biogas and leachate production data from monitoring devices located in the landfill. 
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