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Abstract
The use of biogas generated in landfills has gained importance in developing countries like Colombia. Taking into
account that this biogas presents poor combustion properties that make interchangeability with other combustible
gases difficult, the elimination of gases and vapors, such as CO2 and H2O, through a cleaning process, in which
the biogas is converted to biomethane, improves the biogas properties as a fuel gas for general use. In this work,
we simulated the generation of biogas at El Carrasco sanitary landfill in Bucaramanga, using the US EPA (United
States Environmental Protection Agency) landfill gas emissions model. Additionally, we simulated the biogas
cleaning process to extract the remaining moisture using the ProMax software; for this, we used three different
amines (MDEA, MEA, and DEA), followed by a glycol dehydration process. The results showed that the amine
MEA produced the largest increase in the concentration of CH4 (90.37 %) for the biogas generated in the landfill.
Furthermore, dehydration with glycol was an efficient process to obtain a gas with a high percentage of methane
(91.47 %) and low water presence (1.27 %); this would allow the use of biomethane in conventional industrial
combustion processes and power generation.
Keywords: amine; deacidification; biogas cleaning; simulation.

Resumen
La utilización del biogás producido en vertederos de basura ha ganado importancia en países en vía de desarrollo,
como Colombia. Teniendo en cuenta que este biogás tiene propiedades pobres de combustión que dificultan el
intercambio con otros combustibles, la eliminación de gases y vapores, como el CO2 y el H2O, por medio de
procesos de purificación en los que el biogás es convertido a biometano, mejora las propiedades del biogás como
combustible para uso general. En este trabajo se simuló la producción de biogás en el vertedero de basura El
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Carrasco (Bucaramanga), usando el modelo de emisiones de gases en vertederos de la US EPA (United States
Environmental Protection Agency). Adicionalmente, se simuló el proceso de purificación del biogás utilizando el
software ProMax; el objetivo de este proceso es extraer la humedad del biogás, para lo cual se utilizaron tres aminas
diferentes (MDEA, MEA y DEA) y un proceso posterior de deshidratación con glicol. Los resultados mostraron
que la purificación con amina MEA logró producir el mayor incremento en la concentración de CH4 (90.37 %) en
el biogás generado en el vertedero. Además, la deshidratación con glicol fue un proceso eficiente para obtener gas
con un alto porcentaje de metano (91.47 %) y un bajo porcentaje de agua (1.27 %); estos resultados sugieren que
el biometano se podría usar en procesos industriales convencionales y en generación de energía.
Palabras clave: amina; desacidificación; purificación de biogás; simulación.

Resumo
A utilização do biogás produzido em depósitos de lixo tem ganhado importância em países em via de
desenvolvimento, como a Colômbia. Tendo em conta que este biogás tem propriedades pobres de combustão
que dificultam o intercâmbio com outros combustíveis, a eliminação de gases e vapores, como o CO2 e o H2O,
por meio de processos de purificação nos quais o biogás é convertido a biometano, melhora as propriedades do
biogás como combustível para uso geral. Neste trabalho simulou-se a produção de biogás no depósito de lixo
El Carrasco (Bucaramanga), usando o modelo de emissões de gases em depósitos da US EPA (United States
Environmental Protection Agency). Adicionalmente, simulou-se o processo de purificação do biogás utilizando o
software ProMax; o objetivo deste processo é extrair a humidade do biogás, para o qual utilizaram-se três aminas
diferentes (MDEA, MEA e DEA) e um processo posterior de desidratação com glicol. Os resultados mostraram
que a purificação com amina MEA logrou produzir o maior incremento na concentração de CH4 (90.37 %) no
biogás gerado no depósito. Além disso, a desidratação com glicol foi um processo eficiente para obter gás com
uma alta porcentagem de metano (91.47 %) e uma baixa porcentagem de água (1.27 %); estes resultados sugerem
que o biometano poderia ser usado em processos industriais convencionais e em geração de energia.
Palavras chave: amina; desacidificação; purificação de biogás; simulação.
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I. Introduction
The necessity of using combustion technologies
to reduce our dependence on fossil fuels and the
emission of greenhouse gases to mitigate climate
change [1, 2] have encourage a continuous growth in
the study of possible applications of alternative fuels,
such as biogas. Biogas generated by the anaerobic
decomposition of organic substances present in
municipal solid waste can be a source of energy,
especially in regions or countries where economic
growth leads to an increase in the production of solid
or organic waste from industrial and agricultural
activities [3-8]. A variety of models can be used
to estimate the generation of biogas with different
degrees of certainty, depending on the composition of
the matter disposed in the landfill [9, 10].
Biogas is mainly composed of methane (CH4), carbon
dioxide (CO2), and other small amounts of oxygen,
nitrogen, volatile compounds and even hydrogen
sulfide, which are generally cleaned off to reduce
the harmful effects on combustion systems [11]. The
combustion properties of biogas, such as calorific
value, flame temperature, and laminar flame speed
are poor compared to conventional gaseous fuels
such as natural gas or LPG [12-15]. Therefore, in
order to use biogas in combustion systems, the design
of the burners must be modified to avoid problems
of flame instability associated with the lower rate
of heat release, laminar flame speed, and change in
flammability limits [16-18]. In order to improve the
biogas combustion properties, it must be converted
to biomethane by different treatments that reduce the
CO2 content and its effects [19, 20], in addition to other
secondary compounds such as H2S [11, 21, 22]. A
purification process used to remove CO2 and H2S uses
aqueous solutions of amines in an absorption column;
however, since this is a technology traditionally used
to clean natural gas but not biogas, its application to
biogas is still under study [23-25].
Generally, the purification process varies slightly
depending on the gas to be treated (very acid or

very sweet), and has three main processes: first, the
deacidification that eliminates large percentages of
H2S and CO2; second, the sweetening process, where
sulfur from the previous extraction is recovered; and
third, the glycol dehydration, in which a large amount
of water present in the gas is removed [11, 21, 22, 2629].

II. Methodology
The amount of biogas generated and its composition
was estimated using the model LandGEM of the US
EPA [30, 31], which is widely applied for biogas
produced in landfills. With this model, the estimation
of biogas generated is improved by calculating the
efficiency of the collection system in capturing the
gas, which is known as the collection efficiency. The
rate of biogas generation is estimated in a given year
using the following first order exponential equation:
(1)
Where

is the mass of the waste disposed at a

specific time , is the biogas generation rate, which
includes correction factors for methane, and L0 is the
methane generation potential per unit of mass residue.
The generation of biogas is assumed to decay
exponentially, and reaches its maximum point after a
period of time, prior to the generation of methane. For
each unit of waste, after six months, the model assumes
that the biogas generation decreases exponentially,
as the organic fraction of the waste is consumed.
The year of maximum biogas generation is normally
estimated as the year of landfill closure. To conduct
the simulation and apply the biogas generation model,
we used data from the city of Bucaramanga (Table 1).
The waste composition was taken from the database
that the used model has for each region (Table 2).
These data were validated with documentation from
the entities responsible for solid waste management in
the city [32].
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Table 1
Input data for the US EPA LandGEM biogas generation model

Landfill name
City
Department
Geographic Region
Climate and average rainfall
Open year
Annual waste deposit in the last year (tons/year)
Estimation year

El Carrasco
Bucaramanga
Santander
Andean
Moderately wet (1000-1499 mm/year)
1990
339085
2015

Table 2

Composition of solid waste in Bucaramanga

Category of residue
Food
Paper and paperboard
Gardening and pruning waste
Wood waste
Rubber, leather, bones and straw
Textiles
Toilet paper
Other organics
Diapers (20 % organic and 80 % inorganic)
Metals
Construction and demolition waste
Glass and Ceramics
Plastics
Other organic waste
TOTAL

Table 3 presents the temperature, composition and
mass flow of the obtained biogas, according to the
model used.

Table 3

Composition, temperature and mass flow
of biogas generated according to the
model used

Compound
CH4
CO2
N2
CO
NH3
H2S
Temperature
Mass flow

54

Molar %
57.3 %
38.2 %
4.5 %
0.001 %
0.00412 %
0.00413 %
45 ˚C
2039 kg/h

% mass
45.7
5.7
5.2
6.4
3.1
7.0
2.3
0.2
2.1
1.0
4.9
1.1
11.9
3.5
100.0

Once the biogas generation and composition were
obtained, according to the model and the input data,
the cleaning processes of the biogas were simulated
using the PROMAX software. The thermodynamic
properties were determined using the Peng-Robinson
equation of state.
Different amine deacidification processes were
analyzed:
Methyldiethanolamine
(MDEA),
Monoethanolamine (MEA), and Diethanolamine
(DEA). These processes were chosen because the
biogas obtained from a landfill lacks secondary or
tertiary components of gaseous hydrocarbons [33],
but it has high levels of carbon dioxide and may have
carbon monoxide, sulfur hydrogen and ammonia. In
order to obtain a “clean” gas, in which the undesired
components have been removed, these three processes
were simulated observing their behavior at cleaning
the biogas.
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Given that the gas obtained from the cleaning processes
is rich in CH4 and water, the sweet gas stream was
taken to a dehydration unit with glycol to obtain a dry
gas of better quality. The cleaning process starts when
the biogas is introduced into the absorber tower, along
with a stream of water and amine to obtain a stream
of sweet gas and an acid gas mixed with the amine.
This acid stream is heated in a heat exchanger up to
about 100 °C, and then is carried through a stripper,
where the acid is separated from the amine by the
injection of steam. The upper acid stream is brought

to a condenser, and the lower amine stream is brought
to a reheater, where it is separated from the water.
After passing through the heat exchanger, the amine
is brought to a recycling and a makeup to finally raise
its pressure to again be brought to the absorber tower.
The scheme of the simulated processes, using the three
amines to obtain the sweet gas, is presented in Fig. 1.
The absorber tower has a 7-stage TSWEET Kinetics
model, and the stripper tower has a 10-stage TSWEET
alternate stripper model. We used a Boston–Britt
model to calculate enthalpy.

Fig. 1. Scheme of the simulated biogas sweetening process.

For each simulated process, the presence of CO2 in the
sweet gas and its charge in the rich and lean amine
streams (Fig. 1), which is an indicator of the ease of
amine regeneration, was established as a comparison
parameter. Because there was a significant percentage
of water in the treated gas, a glycol dehydration
process was carried out, which allowed us to obtain
a dry and better-quality biogas to use as an energy

source. The CH4 rich gas stream obtained was brought
to the dehydration process with triethylene glycol
TEG. In this process, water and glycol stream are
carried out through a heat exchanger, an expansion
valve, a flash separator, and finally a TEG recycling
process (Fig. 2). In the contactor tower and the glycol
regenerative tower, a model for the Boston-Britt
enthalpy calculation was used.
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Fig. 2. Dehydration process with TEG.

near total removal of CO2 was achieved, as well as a
smaller amount of H2O (Table 4).

III. Results and Discussion
By using the three amines, similar concentrations
of CH4 were observed; however, with the MEA, a

Table 4

Sweet gas composition with different amines
Compound
CH4
CO2
N2
CO
NH3
H2S
H2O
Amine
Molar Flow

Molar % MDEA
process
89.22 %
0.35 %
7.05 %
0.0015 %
6.014e-9 %
0%
3.36 %
0.00059 %
47.78 kmol/h

Molar % DEA process

Molar % MEA process

89.37 %
0.057 %
7.02 %
0.0015 %
1.17e-17 %
≈0 %
3.54 %
2.96e-1 %
47.93 kmol/h

90.37 %
0.0020 %
7.12 %
0.0015 %
9.73e-11 %
0%
2.48 %
0.021 %
47.25 kmol/h

Regarding the CO2 loads, with the secondary amine
DEA, a higher load was obtained on the amine exiting
the absorber tower (or rich amine), and a lower load
was observed on the regenerated amine stream (or
lean amine), although with a lower reaction kinetics,
and therefore, affecting the absorption process and its
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regeneration (Table 5). In the case of the tertiary amine
MDEA, the CO2 charge in the amine stream exiting
the absorber tower was very low due to its even lower
reaction kinetics [25], and the fact that it requires a
greater amount of water for its activation (Table 5).
These results agree with those presented in [23, 34].
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Table 5

CO2 mole loading in rich and lean amine streams
Parameter
CO2 Loading mole/mole amine in rich amine
pH of rich amine
CO2 Loading mole/mole amine in lean amine
pH of lean amine

Taking into account the high percentage of CH4
obtained with the amine MEA, the CO2 loads in the
rich and lean amine streams, and the lower presence of
H2O in the sweet gas obtained, we decided to dehydrate
the obtained gas with TEG. The goal was to obtain a
drier landfill gas that would meet the different quality
restrictions for use [11], such as a CH4 concentration
greater than 90 %, a total concentration of gases (e.g.,
CO2, N2 and O2) below 10 %, and a concentration of
H2O below 16 mg/m3. These requirements may vary

DEA
0.4
7.84
0.0065
9.28

Amine
MEA
0.2815
8.65
0.139
8.17

MDEA
0.067
9.326
0.0006
9.95

according to the required application of the biomethane.
The MEA cleaning process produced a gas with a
calorific value significantly close to the calorific value
of natural gas or LPG (Table 6). Likewise, the pressure
uniformly dropped along the stages of the absorber
tower, while a marked temperature gradient was
observed in the lower stages of the tower generated by
the contact between the incoming gas stream and the
MEA stream (Table 7).

Table 6

Inlet and outlet stream conditions in absorber tower
Property

Units

Temperature
Pressure
Mole Fraction Vapor
Mole Fraction Light Liquid
Molar Flow
Mass Flow
Net Ideal Gas Heating Value
Net Liquid Heating Value

°C
bar
%
%
kmol/h
kg/h
MJ/m^3
MJ/kg

Rich
Amine
83.61
3.44
0
100
506.20
21363.9
-

Saturant
(Water)
138.37
3.44
91.96
8.03
2.30
41.56
-

Dry Basis
Sour Gas
45
3.44
100
0
74.78
2039
19.41
16.76

Sweet
Gas
50.06
3.23
100
0
47.25
801.21
30.63
42.74

Lean
Amine
50
6.55
0
100
476.36
20084.6
-

Table 7

Pressures at different stages in absorber tower
Stages
1
2
3
4
5
6
7

Temperature °C
50.0621
50.0517
50.0432
50.0569
50.38
54.785
83.6107

The flow conditions and composition of the treated
gas obtained in the MEA (Tables 4 and 7) cleaning
process were taken as the input conditions for the TEG
dehydration process. After running the dehydration

Pressure bar
3.23821
3.27268
3.30715
3.34163
3.3761
3.41058
3.44505

process, the concentrations of the wet gas components
increased, whereas the concentration of the amine
MEA slightly decreased, due to its solubility in the
TEG stream (Table 8).
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Table 8

Composition of streams on glycol contactor

Mole Fraction
Methane
Benzene
o-Xylene
Ethylbenzene
Toluene
Water
Triethylene Glycol
CO2
N2
Carbon Monoxide
MEA
Ammonia
Hydrogen Sulfide

Wet Gas Feed
89.1588
0
0
0
0
3.79137
0
0.0020444
7.02517
0.0015610
0.0210908
9.607E-08
0

The TEG dehydration process resulted in a decrease
of water concentration (1.27 %), consequently,
this process produced a gas with low levels of both
unwanted compounds (CO2, H2S, NH3, and CO) and
water (Table 9); however, regarding the water, it was
not possible to obtain a level that allows the introduction
of biomethane into a natural gas distribution system.

4
91.4973
0
0
0
0
1.27487
0.0041680
0.0020954
7.21041
0.0016019
0.0095993
9.718E-08
0

6
0.103747
0
0
0
0
21.4947
77.7929
1.847E-05
0.0022673
2.059E-06
0.606393
8.513E-09
0

25
3.286E-09
0
0
0
0
6.9493
92.4161
3.529E-11
2.838E-12
0
0.634607
1.541E-12
0

Nevertheless, the composition obtained here could
be used in combustion processes at industrial level or
for power generation without the need of introducing
changes in the combustion systems to avoid flame
instability issues, caused by the presence of CO2, or
corrosion problems caused by the H2S.

Table 9

Inlet and outlet stream conditions in glycol contactor

Property
Temperature
Pressure
Mole Fraction Vapor
Mole Fraction Light Liquid
Molar Flow
Mass Flow
Net Ideal Gas Heating Value
Net Liquid Heating Value

Units
°C
kPa
%
%
kmol/h
kg/h
MJ/m^3
MJ/kg

IV. Conclusions
Four processes of biogas cleaning were simulated using
the PROMAX software: deacidification with primary
amines-MEA, secondary-DEA, tertiary-MDEA, and
a process of dehydration with triethyleneglycol-TEG.
Each deacidification process was carried out for the
conditions of biogas generated in the landfill “El
Carrasco” in Bucaramanga, Colombia. The results
showed that the use of amines for biogas cleaning
produces a significant enrichment of the landfill
biogas, obtaining percentages of CH4 of up to 90 %
from a biogas with 57.3 % CH4. Likewise, as this
58

Wet Gas Feed
50.062
323.824
100
0
47.8941
812.69
30.2228
42.0953

4
675.4
241.31
100
0
46.661
790.50
31.014
43.335

6
72.9
241.31
0
100
7.8051
945.08
-

25
68.3
321.98
0
100
6.5722
922.89
-

enrichment is obtained, mainly at the expense of CO2
removal, these processes may be suitable for the use of
renewable sources of energy with lower emission rates
of greenhouse gases.
The dehydration process with TEG is necessary to
remove the remaining water in the sweet gas generated
by the amine regeneration processes. The sweetening
processes increased the moisture content in the treated
gas to 3.36 % with MDEA, 3.54 % with DEA and
2.48 % with MEA. These percentages of water can
generate instability in the gas combustion, low flame
temperature, or high dew point temperature values of
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the flue gases from thier combustion. The percentage
of water (1.27 %) was similar to the humidity values
normally found in the combustion of gases with
atmospheric air, but did not reach a level similar
to those required by some natural gas distribution
regulations.

[8]

[9]

This work is part of a research project on biogas
cleaning for use in conventional combustion systems,
and here, we presented only the results related to the
increase of CH4 concentration. A parametric study
of the processes in regard to the variations in the
equipment design and operating conditions may alter
the obtained results.
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