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Abstract. In municipal solid waste (MSW) landfills, a great part of the organic 
waste conversion process occurs under anaerobic conditions, producing biogas 
composed mostly by carbon dioxide and methane. The potential energy of methane 
may be used as a renewable source, thereby decreasing greenhouse gas emissions. 
In the literature, there are several models to predict generation of biogas; however, 
results from most of them give overestimated prediction. This work proposes to 
experimentally measure in laboratory tests the potential biogas generation in 
samples from a closed landfill in Brazil, with determination of the corresponding 
parameters, in order to carry out comparative analysis using both the experimental 
and the recommended default parameters. The biochemical methane potential was 
estimated from eudiometer pipe tests and the biogas generation was predicted using 
a first order decay model from the IPCC (Intergovernmental Panel on Climate 
Change) guidelines. Results indicate that the use of experimentally measured 
parameters may significantly improve the accuracy of models to predict biogas 
production. 
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1. Introduction 

The municipal solid waste (MSW) generated by society can be disposed of in several 

ways, including some emerging techniques that allow the use of MSW either as a  

material (waste-to-material - WtM) or energy (waste-to-energy - WtE or energy-from-

waste - EfW) [1,2,3]. MSW may be composed of organic or inorganic compounds, but 

the largest composition is generally of the first type due to food waste. In several 

countries, sanitary landfills have been used as a safe disposal technique instead of dumps. 

In landfills, the technique allows the confinement of residues in cells, i.e. layers of waste. 

Hence, an anaerobic environment is generated by microorganisms, converting organic 

matter into biogas. These gases are composed essentially of methane and carbon dioxide. 

In addition, trace gases such as H2S, SO2, SO3, HCl and others can be detected. The gas 

production does not only occur close to the time of burial, but continues generating after 

stopping the waste deposition. 

Although landfills are not considered as a disposal method for the energetic use of 

biogas, these gases can be used as an energy source, which in turn can be considered as 
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a measure to reduce the emissions to the atmosphere. This supports government policies 

to achieve greenhouse gas emission reduction targets, which is a global concern and 

which has recently been reaffirmed through the new Paris Agreement signed in 2016. 

As part of the commitment of government policies related to the use of methane as 

an energy source, it is necessary to establish technically and economically viable projects, 

which should be supported by surveys based on studies of methane generation, using 

mechanisms to predict its production. The mechanism could include methodologies 

based on mathematical models, such as IPCC, LandGem, GasSim, Afvalzorg, E-PRTR, 

SWM-GHG and others [4-8]; theoretical models for chemical composition, including 

approaches such as elemental composition from component elements analysis proposed 

by Symons and Buswell in 1933 and McCarty in 1972 [9-11]; and experimental tests 

such as aerobic and anaerobic tests. Wagland et al. [12] provide a summary of aerobic 

and anaerobic test methods developed by several authors. 

The first experimental method to determine the biochemical methane potential 

(BMP) was presented by Owen et al. [13] and it was used for Minnesota peat. Subsequent 

changes, such as the use of different inoculum, seeds, headspace volumes were proposed. 

Angelidaki et al. [14] proposed a protocol for these essays, but two year later, Raposo et 

al. [15] still reports on a wide range of batch and reinforces the need for standardization. 

Since then, numerous surveys have used a wide range of residues, generated by agro-

industry (manure, dairy faeces, pig fatteners, and lignocellulosic biomass – [16,9]), waste 

from urban activities as yard waste [17,18], some kinds of papers (bleached, unbleached, 

with or without coating – [17]) and food waste [19,20]. 

Investigation also been developed in landfills [21-23]. Mehta [24] focused on 

methane production at different depths in landfills in Yolo County, California. In Brazil, 

a small number of studies were conducted on the topic BMP from landfills in which most 

samples were fresh MSW [25,26] and sampled from shallow depths [27,28]. 

Although there is a diversity of possibilities for assessing gas emissions, 

mathematical models are used most widely, the most common being the IPCC and 

LandGEM models, but it is known that these models generally overestimate the 

emissions from landfills. Based on this context and trying to solve this deficiency, this 

paper investigates the experimental parameters affecting the potential biochemical 

production of biogas from samples taken in a closed landfill in Brazil. The batch test as 

a BMP was conducted to obtain the parameter Lo, the methane production potential, and 

the coefficient k, the methane production rate constant. These determined parameters are 

then used as input data in the gas emission prediction model. 

2. Materials and methods 

2.1. Sampling of waste 

Waste samples were obtained from one Brazilian landfill which was no longer receiving 

waste when the sample extractions were performed. It was started as a dumpsite, but in 

1996 has undergone a considerable transformation to a controlled landfill. This landfill 

occupies an area of 130 hectares and received around 6.5 ton of MSW per day. 

Three samples were collected at five meter depth from three different boreholes. The 

sample from borehole A contains the newest material while the sample from borehole C 

is composed by the oldest residue. The holes were excavated using a drilling machine 

with a bucket auger. The sampler has a cylindrical shape, open at one extremity. At the 

T. Abreu et al. / Comparison of Biogas Production in a Municipal Solid Waste Landfill2364



bottom, there are several teeth that, during the rotation and advancing of the perforation, 

are responsible for breaking and detaching the material that is collected into the sampler. 

2.2. Batch test for determining BMP 

The essay was done in batch, according to the procedure established in German standard 

DIN 38 414, Part 8. The biochemical methane potential process evaluations were carried 

out in eudiometer pipes, where the biogas generation was assessed for 21 to 60 days, 

until saturation was reached, that is when the accumulated volume of biogas remained 

constant. The equipment consists of a glass vessel, where the samples of MSW were 

deposited, and an eudiometer pipe connected to this vessel. The system measures the gas 

volume changes from decomposition of organic matter that results in biogas production. 

In this study, the experiment was carried out in a triplicate batch test. For each 

sampling collected, 5 g OFMSW (organic fraction of municipal solid waste) was used. 

This fraction was mixed with 50 mL of an activated sludge from sewage treatment and 

tap water to make up 300 mL of solution. After the vessel was flushed with a nitrogen 

gas, it was sealed and put into an incubator at 35 oC during the experiment. In addition, 

a blank batch, which only contained water and inoculum, with the same set up was 

performed. Measurement of the amount of biogas from batch tests with fraction organic 

mass and blanks were made at the same time. The corrected methane contents were 

calculated according to methods described by DIN. The BMP was reported as NL of 

biogas per gram of wet MSW (NL/g wet MSW). 

2.3. Prediction of methane emissions 

One of the main inputs to the mathematical models is the weight of the waste mass buried 

over time. In this study, it was considered that the residue deposited between 1978 and 

1993 has already extinguished its capacity of gas emission because there are no operating 

records for this period. Records of the buried waste during the period from 1993 to 2007 

were published in the CDM-ONU publication - Project Design Document Form – 

Version 03.1. Input data corresponding to 2008 until 2012 were obtained through the 

company that owns the operation concession, the Nova Gramacho. Table 1 shows the 

input data regarding the amount of MSW for each year considered in this analysis. 

 

Table 1. Amount of weight of MSW by year at AMJG. 

Year Weight of MSW (ton) 

1993 1,646,374 

1994 1,669,443 

1995 1,800,209 

1996 2,325,161 

1997 2,414,508 

1998 2,390,021 

1999 2,403,311 

2000 2,454,563 

2001 2,417,409 

2002 2,473,918 

2003 2,359,715 

2004 2,333,759 
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Table 1. (continued) Amount of weight of MSW by year at AMJG. 

Year Weight of MSW (ton) 

2005 2,337,625 
2006 2,474,464 

2007 2,450,064 

2008 2,500,916 

2009 2,373,953 

2010 2,533,875 

2011 1,275,471 

2012 800,947 

 

For the estimation of methane generation, both the default parameters suggested by 

the IPCC model, as well as the parameters fit from experimental curves, were considered. 

3. Results and discussion 

Table 2 shows the parameters k and Lo obtained from fitting the experimental data, 

obtained from the BMP batch tests, to the von Bertalanffy curve described by eq. 1: 

� = ���1 − �����  (1) 

Table 2. Parameters fit from experimental data. 

Sample 
Lo 

(NLbiogas/kgwet) 

k 

(1/day) 

A 172.03 0.01037
B 12.35 0.03634
C 2.22 0.09381

 

The k parameter, in terms of decay per day, ranged between 0.01037 to 0.09381. 

This parameter indicates the time for the material to be degraded or decomposed. The 

results indicate that the sample from borehole C has the greater decay rate, suggesting 

that in a short time its gas emission capacity will cease. The values differ by an order of 

magnitude from those reported by Caldas et al. [27] (0.001) but are close to Sel et al [22] 

(average value is 0.023) measured in a Turkey landfill. 

The Lo parameter indicates the rates of methane emission. Sample from borehole A 

has the highest result, close to the value recommended by the US EPA LandGEM model, 

while C presented the lowest response. This behaviour suggests that sample A 

contributes for larger emissions, compared to the other samples. In the literature, a wide 

range of Lo values can be found. Maciel et al. [25] obtained similar values for the Lo 

parameter, considering the potential with age (189.6), while Alves [28] presented a very 

different result (75.8). In a study conducted by Mehta [24], there was no clear trend of 

variation of L0 with depth and, consequently, with age. For 5 m depth, the results ranged 

from 7.4 to 137.8 with an average of 57.28 L of biogas per kg of waste. These researchers 

found values that differ by 1 or 2 orders of magnitude in comparison to those obtained 

in this work. 

The IPCC model used in this study considers the Lo parameter. However, it is used 

as a function of dissolved organic carbon (DOC). Three different hypotheses were made 

in this investigation with respect to the input values (Table 3): 1) admitting the default 
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DOC values; 2) using the calculated DOC values based on the characteristics of the waste 

of the landfill; 3) establishing DOC values from a back-analysis of the experimental data.  

The DOCdefault and the DOCcalculated parameters are practically the same. With respect 

to the DOCback-analysis, for the sample A the DOCdefault is quite similar while the values for 

samples B and C were nearly one order of magnitude lower. This result corroborates the 

degradation behaviour of the organic matter, where the greater the degradation time, the 

smaller the value of DOC. This reduction occurs due to the organic load being consumed 

by the degrading microorganisms present in landfills. 

Figure 1 shows the gas emission prediction considering both the cases using the 

DOCdefault and DOCcalculated values. The analysis with DOCdefault resulted in a generation 

of approximately 12,300 ton of CH4 greater than that obtained with DOCcalculated. 

 

Table 3. Values of DOC considered in this research. 

Sample DOC default DOC calculated DOC back-analysis 

A 0.16 0.18 0.1740
B 0.16 0.18 0.0443
C 0.16 0.18 0.0211

Note: DOC is a dimensionless quantity 
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Figure 1. IPCC model using DOCdefault and DOCcalculated values. 

 

In addition to the analysis using the default parameters, the hypothesis that the entire 

mass of waste has a single behaviour, (i.e that k and DOC are fixed and constant for any 

and all input of waste), as is assumed by the model, was tested by using experimentally 

derived parameters. In order to incorporate the diversity of parameters obtained 

experimentally, two assumptions were considered: 

1. the residue decay parameter k was assumed equal to the value obtained 

experimentally; 

2. both k and DOC parameters have values equal to those obtained both 

experimentally and by back-analysis. 

Figure 1 shows the results using DOCcalculated with the k parameter obtained 

experimentally for each sample. The influence of the parameter k in the prediction of 
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methane generation is demonstrated, resulting in greater decay for sample C than for 

samples A or B. It was also observed that a decrease of the k parameter resulted in the 

lowest decay for sample A. However, looking 20 year ahead, sample B will be the one 

with the highest generation. In the horizon extension for another 10 years, there will be 

a convergence of generation for samples A and B, being 3.6 times greater than that 

corresponding to sample C. 

Figure 2 shows the results according to the second consideration. Results indicate a 

further reduction of estimated emissions, which were lower for samples buried for a long 

period. The peak emissions calculated from the back-analysis data ranged from 10.730 

to 18.751 Gg of CH4. This result demonstrates a reduction from estimates made using 

default parameters of 9.8 times in relation to the first value (0.16) and 5.6 times in the 

higher value (0.18). 

 

Figure 2. IPCC model – DOCback-analysis and k experimental. 

 

After 20 years, emissions values for samples A and B resulted higher than the 

default, while sample C showed the lowest values of all over time. After an additional 

ten years, both samples C and the default have almost the same values, however samples 

A and B still yield higher values, over 27 to 8 times higher than C or the default. 

Even though all analysis used the proposition that the parameters DOC and k do not 

vary in time, experimental results suggest that both parameters do vary over time. Thus, 

if these variations were considered, it is believed that the emissions forecasts would be 

smaller than predictions made using constant values. 

4. Conclusion 

The IPCC model has been widely used to estimate gas emissions from sanitary landfills. 

Default parameters are usually used for this estimation, which in turn can overestimate 

real emissions. In this paper, both default and experimental parameters were used in the 

prediction of gas emissions. Based on the experimental data, the results reveal lower 

emissions than those obtained using the default parameters. When considering both 

experimental DOC and k values, the longer the decomposition time of the waste inside 

landfill, the lower the gas emissions. 
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Results indicate that the use of experimentally measured parameters may 

significantly improve the accuracy of models to predict biogas production. Even not 

considering the variation in time, results suggest that the use of default parameters may 

cause considerable miscalculation of emissions if the specific characteristics of the waste 

are not taken into account, especially in closed landfills. 

Acknowledgements 

This study was financed in part by the Coordenação de Aperfeiçoamento de Pessoal de 

Nível Superior – Brasil (CAPES) – Finance Code 001 

References 

[1] A. Bosmans; I. Vanderreydt, D. Geysen, L. Helsen,. The crucial role of Waste-to-Energy technologies in 
enhanced landfill mining: a technology review. Journal of Cleaner Production 55 (2013), 10-23. DOI 
10.1016/j.jclepro.2012.05.032 

[2] W. Saleem, A. Zulfiqar, M. Tahir, F. Asif, G. Yaqub, Latest technologies of municipal solid waste 
management in developed and developing countries: A review. International Journal of Advanced 
Science and Research 1 (10), (2016), 22-29. 

[3] T.J. Mönkäre, M.R.T. Palmroth, J.A. Rintala, Characterization of fine fraction mined from two Finnish 
landfills. Waste Management, v. 47 (2016), 34-39. DOI 10.1016/j.wasman.2015.02.034 

[4] INTERGOVERNMENTAL PANEL ON CLIMATE CHANGE, Good Practice Guidance and Uncertainly 
Management in National Greenhouse Gas Inventories. Hayama: IPCC/OFCD/IFA/IGES, 2006. 

[5] UNITED STATES ENVIRONMENTAL PROTECTION AGENCY, Landfill Gas Emission Model 
(LandGEM) Version 3.02 User´s Guide. May. 2005. 

[6] M. El-Fadel, A.N. Findikakis, J.O. Leckie, Environmental Impacts of Solid Waste Landfilling. Journal of 
Environmental Management 50 (1997), 1-25. 

[7] H. Oonk, Literature review: methane from landfills. Methods to quantify generation, oxidation and 

emission. Final report. OonKay Innovations in Environmental Technology, 2010. Available in: 
www.oonkay.nl. 

[8] H. Kamalan, M. Sabour, N. Shariatmadari, A Review on Available Landfill Gas Models. Journal of 
Environmental Science and Technology 4 (2) (2011), 79-92. 

[9] H.B. Møller, S.G. Sommer, B.K. Ahring, Methane productivity of manure, straw and solid fractions of 
manure. Biomass and Bioenergy 26 (2004), 485-495. 

[10] M. Lesteur, V. Bellon-Maurel, C. Gonzalez, E. Latrille, J.M. Roger, G. Junqua, J.P. Steyer, Alternative 
methods for determining anaerobic biodegradability: A review. Process Biochemistry 45 (2010), 431-
440. 

[11] A. Nielfa, R. Cano, M. Fdz-Polanco, Theoretical methane production generated by the co-digestion of 
organic fraction municipal solid waste and biological sludge. Biotechnology Reports 5 (2015), 14-21. 

[12] S.T. Wagland, S.F. Tyrrel, A.R. Godley, R. Smith, Test methods to aid in the evaluation of the diversion 
of biodegradable municipal waste (BMW) from landfill. Waste Management 29 (2009), 1218-1226. 

[13] W.F. Owen, D.C. Stuckey, J.B. Healy, L.Y. Young Jr., P.L. McCarty, Bioassay for monitoring 
biochemical methane potential and anaerobic toxicity. Water Research 13 (1979), 485-492. 

[14] I. Angelidaki, M. Alves, D. Bolzonella, L. Borzacconi, J.L. Campos, A.J. Guwy, S. Kalyuzhnyi, P. 
Jenicek, J.B. van Lier, Defining the biomethane potential (BMP) of solid organic wastes and energy 
crops: a proposed protocol for batch assays. Water Science & Technology, (2009), 927-934. 

[15] F. Raposo, V. Fernández-Cegrí, M.A. de La Rubia, R. Borja, F. Béline, C. Cavinato, G. Demirer, B. 
Fernández, M. Fernández-Polanco, J.C. Frigon, R. Ganesh, P. Kaparaju, J. Koubova, R. Méndez, G. 
Menin, A. Peene, P. Scherer, M. Torrijos, H. Uellendahl, I. Wierinck, V. de Wilde, Biochemical methane 
potential (BMP) of solid organic substrates: evaluation of anaerobic biodegradability using data from an 
international interlaboratory study. Journal Chemical Technology Biotechnology 86 (2011), 1088-1098. 

[16] G.K. Kafle, L. Chen, Comparison on batch anaerobic digestion of five different livestock manures and 
prediction of biochemical methane potential (BMP) using different statistical model. Waste Management 
48 (2016), 492-502. 

T. Abreu et al. / Comparison of Biogas Production in a Municipal Solid Waste Landfill 2369



[17] J.M. Owens, D.P. Chynoweth, Biochemical methane potential of municipal solid waste (MSW) 
components. Water Science Technology 27 (2) (1993), 1-14. 

[18] W.E. Eleazer, W.S. Odle III, Y-S. Wang, M.A. Barlaz, Biodegradability of Municipal Solid Waste 
Components in Laboratory-Scale Landfills. Environmental Science and Technology 31(3) (1997), 911-
917. 

[19] V.N. Gunasselan, Biochemical methane potential of fruits and vegetable solid waste feedstocks. Biomass 
& Bioenergy 26 (2004), 389-399. 

[20] T. Edwiges, L. Frare, B. Mayer, L. Lins, J.M. Triolo, X. Flotats, M.S.S.de M. Costa, Influence of 
chemical composition on biochemical methane potential of fruit and vegetable waste. Waste Management 
71 (2018), 618-625. 

[21] Yu-S.Wang, C.S. Byrd, M.A. Barlaz, Anaerobic biodegradability of cellulose and hemicellulose in 
excavated refuse samples using a biochemical methane potential assay. Journal of Industrial 
Microbiology 13 (1994), 147-153. 

[22] I. Sel, M. Çakmaker, B. Özkaya, F. Güreli, BMP estimation of landfilled municipal solid waste by 
multivariate stetastical methods using specific waste parameters: case study of a sanitary landfill in 
Turkey. Journal Mater Cycles Waste Management (2016). 

[23] Z. Mou, C. Scheutz, P. Kjeldsen, Evaluating the biochemical methane potential (BMP) of low-organic 
waste at Danish landfills. Waste Management 34 (2014), 2251-2259. 

[24] R.C. Mehta, Comparison of Refuse Decomposition in the Presence and Absence of Leachate 
Recirculation at the Yolo County, California Test Cells. Master of Science. Department of Civil 
Engineering. Faculty of North Carolina State University, 2000. 

[25] F.J. Maciel, J.F.T. Jucá, A. Codeceira Neto, P.B.de Carvalho Neto, Recuperação de biogás em aterros de 
resíduos sólidos urbanos – projeto piloto de Muribeca. 

[26] W.N. Schirmer, J.F.T. Jucá, A.R.P. Schuler, S. Holanda, L.L. Jesus, Methane production in anaerobic 
digestion of organic waste from Recife (Brazil) landfill: Evaluation in refuse of different ages. Brazilian 
Journal of Chemical Engineering 31(2) (2014), 373-384. 

[27] A. Caldas, S. Machado, M. Karimpour-Fard, M. Carvalho, MSW Characteristics and Landfill Gas 
Generation Performance in Tropical Regions. EJGE 19 (2014), 8545-8560. 

[28] I.R.de F.S. Alves, Análise experimental do potencial de geração de biogás em resíduos sólidos urbanos. 
Master of Science (In Portuguese). Department of Civil Engineering. Federal University of Pernambuco, 
2008. 

T. Abreu et al. / Comparison of Biogas Production in a Municipal Solid Waste Landfill2370


