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increasing the calorific value of biogas, thus avoiding
corrosion and damage to metal parts and making this gas
with characteristics closest as possible to natural gas. Through this information, it is possible to conclude that there are
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several technologies in development based on the main techniques which are already widespread for the natural gas,
aiming a better harnessing of biogas, in a way that it can be appropriately used without restriction in the energy matrix.
However, further research should be conducted aiming to reconcile the efficiency factor with the cost-benefit of these
purification processes.
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Detalhamento das principais tecnologias disponiveis para purifica¢do de biogas

Resumo

O presente trabalho visa investigar, reunir e explicar de forma clara os principais métodos empregados na limpeza e
purificacdo do biogés retirando compostos como sulfeto de hidrogénio, diéxido de carbono e dgua, evidenciando as
técnicas que apresentam maior eficiéncia neste tratamento aumentando o poder calorifico do biogas, evitando a corroséo
e os danos em pecas metélicas tornando este gas com caracteristicas mais préoximas o possivel do gas natural. Através do
apanhado de informacdes é possivel concluir que existem diversas tecnologias em desenvolvimento com base principal em
técnicas ja difundidas para o gas natural visando melhor aproveitamento do biogas, de modo que ele possa ser utilizado
apropriadamente sem restricdes na matriz energética. No entanto mais pesquisas devem ser desenvolvidas visando conciliar
o fator eficiéncia com o custo beneficio destes processos de purificacao.

Palavras-chave: energias renovaveis; sulfeto de hidrogénio; metano.

Detallamiento de las principales tecnologias disponibles para la purificacion de biogas

Resumen

El presente estudio tiene como objetivo investigar, recopilar y explicar claramente los principales métodos utilizados en
la limpieza y la purificacién del biogas retirando compuestos como el sulfuro de hidrégeno, diéxido de carbono y agua,
poniendo en evidencia las técnicas que tienen una mayor eficiencia en este tratamiento, aumentando el pode calorifico del
biogas, la prevencion de la corrosion y los dafios en las partes metalicas, tornando este gas con caracteristicas mas cercanas a
el potencial del gas natural. A través del ayuntado de informaciones se puede concluir que hay varias tecnologias en fase de
desarrollo con base principal en las técnicas ya existentes para el gas natural, visando mejor utilizacion del biogés, de modo
que pueda ser utilizado adecuadamente sin restricciones en la matriz energética. Sin embargo, adicionales investigaciones
deben ser desarrolladas para conciliar el factor de eficiencia con el costo beneficio de estos procedimientos de purificacién.

Palabras clave: energia renovable; sulfuro de hidrégeno; metano.
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Introduction

The search for alternative sources of energy
puts the society in face of a challenge towards the
massive participation of non renewable sources in
world energy supply. Nowadays, some new sources
of energy that may perform an interesting role in the
future stand out, such as the energy originated from
biomass (MAGALHAES et al., 2004).

The energy derived from biomass presents
great possibilities of research and use, since the
firewood and coal (traditional forms) are giving way
to the modern biomass (bioethanol, biokerosene,
biodiesel and biogas), presenting more efficient ways
of energy generation (MIURA et al., 2011).

The biogas is a clean, renewable form of
energy, produced from the anaerobic fermentation
and consisting between 40% and 70% of methane,
being the remainder carbon dioxide, hydrogen,
sulfide and trace of some other gases (SINGH and
SOOCH, 2004). Biogas is produced mainly from
raw materials which are available in the location
and can be harnessed in manageable quantities. In
sum, the energy production through biogas actually
transforms an expensive problem into a profitable
solution (WALEKHWA et al., 2009).

Biogas is an important carrier of renewable
energy, which can be used either directly as fuel or
as raw material for production of gas of synthesis
and hydrogen. Yet, depending on its origin, it
may contain significant quantities of undesired
compounds, such as hydrogen sulfide (H.,S), some
halogenated hydrocarbons, ammonia (NH,) and
siloxanes. These compounds might pose technical
problems of combustion, besides of forming corrosive
acid compounds and emitting noxious gases to the
environment (DEWIL et al., 2006).

Aiming allocation of biogas as fuel for boilers
and engines, it becomes necessary a minimum
treatment of this gas, now, for gas pipelines it is
necessary a more rigorous purification in order to
remove most of the undesired compounds which
may damage and reduce the efficiency of the system
(TOLMASQUIM, 2003).

Different methods can be used aiming the
cleaning and purification of biogas, although these
differ in their functioning, condition and minimum
required quality of inlet gas, besides of the efficiency
of purification and operational bottlenecks. Among
these are mentioned the methods of condensation
and drying, air compression and use of membranes

(RYCKEBOSCH et al., 2011). The technologies for
biogas purification are well established, however
they present some disadvantages, such as the wide
dimension of necessary equipments and its elevated
demand for energy (SCHOLZ et al., 2013).

This study aims to gather and clearly explain
the main methods used to clean and purify biogas,
with the removal of compounds such as hydrogen
sulfide, carbon dioxide and water, highlighting the
techniques which present higher efficiency in gas
treatment.

Removal of Hydrogen Sulfide (H,S)

The hydrogen sulfide is a corrosive acid
found in stagnant water, drains and sewers. Besides
of being part of the chemical composition of fuels
derived from petroleum, natural gas and biogas,
which over time can proportionate serious damage
to equipments and accessories used in the process
of energy obtainment. This contaminant is highly
undesired in combustion systems, because it converts
into corrosive compounds and is highly hazardous
to the environment, having a certain odor and
bringing toxicity to human health. Depending on
the organic matter composition, the st content in
the biogas can vary from 100 to 10.000 ppm, being
its removal essential before any potential use of
biogas (PEREZ et al., 2008; FIERRO, 2012; TRUONG
and ABATZOGLOU, 2005, ABATZOUGLOU and
BOIVIN, 2009).

The choice of a certain technique for hydrogen
sulfide removal is dependent on factors, such as: gas
concentrations; treatment cost; and H,S content in the
biogas. The simplest method for H,S removal from
the biogas is through air addition in the digester or
in the gas storage dome. The addition varies from 2%
to 6% and can ensure a hydrogen sulfide reduction
of up to 95% (NAGL, 1997; CCE, 2000).

Processes through Absorption

The purification methods through absorption
are widely used due to the high efficiency and
reactivity of sulfur with most of metals (HORIKAWA
et al.,, 2004). The chemical absorption is shown as
an efficient technology for removal of CO, and H,S
from the gaseous mixture, where in an absorption
column, the pollutant is transferred from gas into
a gas/liquid interface, and then, for most of the
liquid phase, where the reactions occur. Absorbents
are used aiming to raise the surface area and
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optimize the contact time of the gas. The alkaline
and alkanolamines are among the most popular
reagents for this type of practice (GEORGIOU
et al., 2007; ZICARI, 2003; TIPPAYAWONG and
THANOMPONGCHART, 2010).

The most commonly used absorption systems
are composed by iron, absorption though organic
compounds and through water. In the absorption
with iron, it is used iron filings accommodated in
purification columns, which are discontinuously,
being moistened with water and filled with other
materials, such as sawdust, in order to assist
the hydrodynamic system (ARIAS, 2010). This
system works with different pressures, removing
the hydrogen sulfide efficiently either in room
temperature or higher.

Several compounds have been used in biogas
purification. Amines solutions combine with an
amino group with CO, and H,S aiming to obtain
hydrogen carbonate and ammonium or ammonium
sulfide. These processes are normally operated at
temperatures of up to 48° C. The hydroxylamino
ethyl ester presents an even lower corrosively,
reason why it is preferable for the gases purification
(FERNANDEZ, 2004).

The process of absorption with water, also
known as wet cleaning, uses water in contact with
the biogas in towers or columns, performing the
masses transference of CO,and H.,S, from gas into
water, which follow in counter-current. The operation
temperature of the columns normally is between 5°
C to 10° C, however, this procedure is also liable of
operation at room temperature, if using pressure
above 1726 kPa (VARNERO et al., 2012).

Processes through Adsorption

The purification techniques by adsorption
are performed in fixated solid material, where
the hydrogen sulfide tends to be adsorbed by
adhesion. The process is normally used in smaller
sized installations, where adsorbents depend of the
physical adsorption of a molecule in the gaseous
phase in a solid surface, not occurring chemical
transformation. The desired characteristics of good
adsorbents are high porosity and large surface areas
(YANG, 1987).

Asin the adsorption process the molecules are
retrieved by weak electrostatic forces, the reaction
can be easily affected by moisture, selectivity,
temperature and pressure. The process demands less
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quantity of energy when the activated carbon is used,
as it operates under conditions of temperature and
pressure, where the reaction occurs in the pores and
the hydrogen sulfide reacts with oxygen producing
sulfur and water (Reaction 1) (LLANEZA etal., 2010).

Zeolites are natural or synthetic silicates
often used in gas purification, for having uniformity
of pores size, moreover being used as absorbent in
dehydration processes (KOHL and NEILSEN, 1997).

As stated by KOHL and NEILSEN 1997,
some alkaline solids also react with acid gases in
neutralization reactions, and despite the use of
scrubbers with liquids in the gases filtering processes,
fixed beds of solids alkaline granules can be also used,
with a box of standard drying, having upward flow
of gas. The main alkaline solids used are the sodium
hydroxide (Reaction 2) and the calcium hydroxide
(Reaction 3).

According to a study made by TRUONG and
ABATZOGLOU (2005), the procedure of hydrogen
sulfide removal through adsorption appears to be
promising, through a unity in pilot-scale constructed
and tested in a pig farm in Quebec, Canada.

In addition to these methods, it is still found
purification via filtration through membrane, where
the gas stream goes through a selective membrane
resulting from the driving force generated by the
pressure difference. The factor that determines
the process is the permeability, which posses the
molecules that form the stream of biogas to be
purified (VARNERO et al., 2012).

Removal of Carbon Dioxide (CO,)

Among the ways to improve the biogas
harnessing, it can be decreased the concentration
of substances that reduce its calorific value, such as
the CO,, having effect of biogas dilution. The biogas
purification with carbon dioxide removal enables
its better use in generation of electric energy and
in vehicles (MAGALHAES et al,, 2004; LASTELLA,
2002).

Several technologies were developed aiming
CO, separation from the gases currents. Among
these it is included the absorption by chemical
solvents, physical absorption, cryogenic separation,
separation through membrane and CO, fixation by
other chemical and biological methods. Amongst the
methods for CO, removal, the oxygen introduction
in small quantities (2-6%) through air pumps is
found as the simplest, and may provide efficiency
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of carbon dioxide removal, within the range of 80%
to 99% (ABATZOGLOU et al., 2009; GRANITE and
O’BRIEN, 2005; KRICK et al., 2005).

Absorption

The carbon dioxide removal through
absorption is considered a unitary operation where
one of the mixture components is dissolved in a
liquid, being that this operation can involve some
chemical reactions or be simply physical. Many
chemical methods may be mentioned, among them
there is the absorption in potassium carbonate,
calcium hydroxide, sodium hydroxide, TNG,
etc. Nevertheless, the physical methods, such as
molecular sieves, separation through membranes
and columns of absorption are best known and used,
due the easy regeneration of used components in the
processes. These methods are very alike to the used in
natural gas in petrochemical industries and present
advantage of demanding low quantity of energy,
however the CO, must be with a partially elevated
pressure (WONG and BIOLETTI, 2002; SUZUKI et
al., 2011).

The water scrubbing method for cleaning
of biogas is used with elevated efficiency even at
low gas productions. The biogas is fueled upwards
in the absorption column and pressurized water is
pulverized in small droplets in the opposite direction
to facilitate the carbon dioxide absorption. Thus,
the CO, is dissolved and carried by water, forming
H,CO,. This mixture follows into a box of elimination
where the CO, is separated from the water and
liberated into the atmosphere. This method presents
reduced cost involving only pressurized water and
little infrastructure (SILVA, 2009; COSTA, 2006).

Adsorption

The adsorption processes became very
common and are often used in industries which
aim the separation of the air present in biogas,
besides of the hydrocarbons separation, mainly in
petrochemical industries as well as processes for
organic synthesis (ACKLEY, 2003).

Among the technologies for adsorption,
the Pressure Swing Adsorption (PSA) has gained
interest in the separation and capture of CO,, due
to its reduced costs in energy and resources, when
compared to conventional separation methods, such
as absorption and distillation (KAPDI et al., 2005;
HUANG et al., 2006).

PSA is based on the undesired gas adsorption
in a porous adsorbent in high pressure and
recuperation of gas in low pressure, with continuous
modulation of pressure during the process. The
porous absorbent can be reused in a subsequent
adsorption cycle. Processes of membrane separation
and CO, liquefaction are also highly indicated for
CQO, separation, such as the Zeolites, which have high
capacity of selectivity (MADEIRA, 2008; PANDE et
al., 1989).

The dynamic of the process takes place by
adsorbent beds or through combinations of these
in different regions of a column, process similar to
a chromatography. These different zones that are
responsible by the reversibility and selectivity of the
gas removal process (STOCKER et al., 1998).

In the procedure of cleaning and purifying
biogas, the optimal is that the CO, is removed until
the methane percentage gets near to natural gas, in
a way that it is designed the same use. According
to the Agencia Nacional do Petréleo (ANP), as per
Ordinance 128, of August 28 of 2001, the minimum
percentage of methane in natural gas must be of 68%
and maximum CO, of 18%, being this for the north
region of the country, while in other regions the
minimum percentage of methane is 86% and 5% of
CO,(MAGALHAES et al., 2004).

Many of the used techniques for carbon
dioxide and hydrogen sulfide removal from biogas
also remove many traces of other compounds. The
biogas generated in the biodigestion process presents
certain humidity and needs to be dry before its use.
The most used techniques of water removal of the
biogas are condensation and through adsorption
by silicagel, activated carbon and aluminum oxide,
besides the water absorption in glycol or hygroscopic
salts (URBAN et al., 2008; RASI et al., 2011).

Membranes Use

As regards the biofuels purification, the use
of membranes is a recent process, mainly targeting
the biogas enrichment. The principle of the technique
is the passage of gas through a membrane (<1
mm) where some components are transported
and others are retained, thus separating unwanted
compounds by means of the selective membranes.
Each component has a different permeability to the
material and the partial pressure difference promotes
transportation by the membrane. The methane
presents high permeability to cellulose acetate
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polymers if compared to the CO,and H_S, ensuring a
good separation of these components (SILVA, 2009).
The use of membranes treats most part of the
problems caused by the CO, and hydrogen sulfide
presence, which cause reduction of calorific value
and damage metallic components, storage tanks,
pipe networks of gas and engines, moreover presents
viability when compared to chemical procedures
that require much energy and great facilities for gas
treatment (HOFMANN, 2006; SCHOLZ, 2013).

Biological Removal

Certain species of cyanobacteria present
in effluents produce biomass and at the same
time remove organic pollutants. Some of these
microorganisms present advantages if compared to
conventional treatments, for being more ecological
it can be recycled, thus reducing secondary causes
of pollution, such as heavy materials present in the
effluent (MARTINEZ et al., 1999; PROULX et al,,
1994).

The A. platensis cyanobacteria offer several
advantages on microalgae and other cyanobacteria in
the treatment of residual waters. Presents preference
for basic means and allows the use of the mixotrophic
metabolism, removing CO, and others pollutants,
besides of preventing external contamination (DE-
BASHAN et al., 2002; CONVERTI et al., 2006; LODI
et al., 2005, CONVERTI et al., 2009).

Conclusion

Through these information it is possible
to conclude that exist several technologies in
development, with emphasis in already widespread
techniques for the natural gas, aiming better biogas
harnessing, in a way that it can be appropriately used
without restrictions in the energy matrix. However,
more researches must be developed aimed at
conciliating the efficiency factor with the cost-benefit
of the process.

References

ABATZOGLOU, N.; BOIVIN, S. A review of biogas purification processes. Biofuels Bioprod Biorefin, v.3,
p-42-71. 2009.

ACKLEY, M.W,; REGE, S.U.; SAXENA, H. Microp. Mesop. Mater., v.61, p.25-42. 2003.

ARIAS, J.A.V. Remoci6n del sulfuro de hidrégeno (H,S)/éacido sulfhidrico (H,S,,) en el biogas. ECAG,
n.53, p.16-21. 2010.

CCE - Centro para conservacdo de energia. Guia Técnico de Biogas. Amadora - Portugal. 117p. 2000.

CONVERTI, A.; OLIVEIRA, R.P.S;; TORRES, B.R.; LODI, A; ZILLI, M. Biogas production and valorization
by means of a two-step biological process. Bioresource technology, v.100, n.23, p.5771-5776. 2009.

CONVERTI, A.,SCAPAZZONI, S., LODI, A., CARVALHO, ].C.M., DEL BORGHI, M. Ammonium and urea
removal by Spirulina platensis. ]. Ind. Microbiol. Biotechnol., v.33, p.8-16. 2006.

COSTA, D.F. Geragao de energia elétrica a partir do biogéds de tratamento de esgoto. 2006.176p. Dissertacao
(Mestrado em Energia), Programa de Pés Graduagao em Energia (PIPGE). Universidade de Sao Paulo.

DE-BASHAN, L.E.; MORENO, M.; HERNANDEZ, ].P.; BASHAN, Y. Removal of ammonium and phosphorus
ions from synthetic wastewater by the microalgae Chlorella vulgaris coimmobilized in alginate beads with
the microalgae growth-promoting bacterium Azospirillum brasilense. Water Res., v.36, p.2941-2948. 2002.

DEWIL, R.; APPELS, L.; BAEYENS, J. Energy use of biogas hampered by the presence of siloxanes. Energy
Conversion and Management, v.47, p.1711-1722. 2006.

FERNANDEZ, E. Procedimiento para la purificacién de biogés. Instituto Superior Politécnico José Antonio
Echeverria. Oficina Cubana de la Propiedad Intelectual. Habana, Cuba. 18p. 2004.

FIERRO, J.L.G. Withdrawn: Hidrogen and syngas from biomass. Catalysis Today, 2012. Disponivel em:
<http:/ /www.sciencedirect.com/science/article/pii/S0920586112003458> Acesso em: jul/2013.

Applied Research & Agrotecnology v7 nl jan/apr. (2014)
Print-ISSN 1983-6325  (On line) e-ISSN 1984-7548
117



Cremonez et al. (2014)

GEORGIOU, D.; PETROLEKAS, P.D.; HATZIXANTHIS, S.; AIVASIDIS, A. Absorption of carbon dioxide by
raw and treated dye-bath effluents. ] Hazardous Mater, v.144, p.369-76. 2007.

GRANITE, E.J.; O’BRIEN, T. Review of novel methods for carbon dioxide separation from flue and fuel gases.
Fuel Process Technol., v.86, p.1423-34. 2005.

HOFMANN, P.A F. Einspeisung von biogas in das erdgasnetz. Technical report, 199p. 2006.

HORIKAWA, M.; ROSSI, F.; GIMENES, M.L.; COSTA, CM.M.; DA SILVA, M.G.C. Chemical absortion of
H_S for biogas purification. Braz. ]. Chem. Eng., v.21, n.3. 2004.

HUANG, C.C,; CHEN, C.H,; CHU, SM.; HAZARD, J. MATER.,, v.136, p.866-873. 2006.
KAPDL SS,; VIJAY, V.K,; RAJESH, S.K,; PRASAD, R. Renew. Energy, v.30, p.1195- 1202. 2005.
KOHL, A.; R. NEILSEN. Gas Purification. Golf Publishing Company, Houston, 1395 p. 1997.

KRICH, K.; AUGENSTEIN, A.; BATMALE, ].; BENEMANN, J.; RUTLEDGE, B.; SALOUR, D. Upgrading Dairy
Biogas to Biomethane and Other Fuels. In: Biomethane from Dairy Waste - A Sourcebook for the Production
and Use of Renewable Natural Gas in California. California: Clear Concepts. 2005. p.47-69.

LASTELLA, G.; TESTA, C.; CORNACCHIA, G.; NOTORNICOLA, M.; VOLTASIO, F.; SHARMA, V.K.
Anaerobic digestion of semi-solid organic waste: biogas production its purification. Energy Conservasion &
management, v.43, p.63-75. 2002.

LLANEZA, H.; MORIS, M.A; AZPIROZ, L.G.; GONZALEZ, E.Cap. 1. Caracterizacién, purificacién
y control del biogas: Estudio de viabilidad de sistemas de purificacién y aprovechameinto de biogas.
PROBIOGAS,p.1-28.2010.

LODI, A.; BINAGHI, L.; DE FAVERI, D.; CARVALHO, ].C.M.; CONVERTI, A.; DEL BORGHI, M. Fed-batch
mixotrophic cultivation of Arthrospira (Spirulina) platensis (Cyanophycea) with carbon source pulse feeding.
Ann. Microbiol., v.55, p.181-185. 2005.

MADEIRA, A.C.F. Avaliacdo da tecnologia de adsor¢ao “PSA” para remocao de nitrogénio do gas natural.
Escola de Quimica da Universidade Federal do Rio de Janeiro. Rio de Janeiro - RJ. 2008.

MAGALHAES, E.A.; DE SOUZA, S.N.M.; AFONSO, A.D. de L.; RICIERI, R.C. Confeccio e avaliacio de um
sistema de remogao do CO2 contido no biogas. Acta Scientiarum. Technology, Maringa, v.26, n.1, p.11-19. 2004.

MARTINEZ, M.E.; SANCHEZ, S.; IMENEZ, ].M.; EL YOUSFI, F.; MUNOZ, L. Nitrogen and phosphorus
removal from urban wastewater by the microalga Scenedesmus obliquus. Bioresour. Technol.,v.73, p.263-272.
1999.

MIURA, A.K.; FORMAGGIO, A.R.; SHIMABUKURGO, Y.E.; DOS ANJOS, S.D.; LUIZ, A ].B. Avaliacao de dreas
potenciais ao cultivo de biomassa para producédo de energia e uma contribuicao de sensoriamento remoto e
sistemas de informacdes geogréficas. Eng. Agric., Jaboticabal, v. 31, n. 3, 2011.

NAGL, G. Controlling H,S emissions. Chemical Engineering, p.125. 1997.
PANDE, D.R.; FABIANI, C. Gas Sep. Purif., v.3, p.143-147. 1989.

PEREZ, H.; VILLA, P. Desulfuracion biolégica: una alternativa para el tratamiento de emisiones de gases a
la atmosfera. Agua Latinoamericana, v.5, n.3, p.17-20. 2005.

PROULX, D.; LESSARE, P.; DE LA NOUE, J. Traitement tertiaire d’un effluent domestique secondaire par
culture intensive de la cyanobactérie Phormidium bohneri. Environ. Technol., v.15, p.449-458. 1994.

RASI, S.; LANTELA, J.; RINTALA, J. Trace compounds affecting biogas energy utilisation - A review. Energy
Conversion and Management,v.52,p.3369-3375. 2011.

RYCKEBOSCH, E.; DROUILLON, M.; VERVA EREN, H. Techniques for transformation of biogas to
biomethane. Biomass and bioenergy, v.35, p.1633-1645. 2011.

SCHOLZ, M.; MELIN, T.; WESSLING, M. Transforming biogas into biomethane using membrane technology.

Applied Research & Agrotecnology v7 nl jan/apr. (2014)
Print-ISSN 1983-6325  (On line) e-ISSN 1984-7548

118



Main technologiesavailable for biogas...
Detalhamento das principais tecnologias disponiveis... p. 113-119
Detallamiento de las principales tecnologias disponibles...

Renewable and Sustainable Energy Reviews, v.17, p.199-212. 2013.

SILVA, C.A.B.V. Limpeza e Purificacdo de Biogas. Dissertagdo (Mestrado em Engenharia Mecanica),
Universidade de Tras-os-Montes e Alto Douro. 2009.

SINGH, K.J.; SOOCH, S.S. Comparative study of economics of diferent models of family size biogas plants
for state of Punjab, India. Energy Conversion and Management, v.45, p.1329-1341. 2004.

SUZUKI, A.B.P.; FERNANDES, D.M.; FARIA, R.A.P.; VIDAL, T.C.M. Uso de biogas em motores de combustao
interna. Revista Brasileira de Tecnologia Aplicada nas Ciéncias Agrarias, Guarapuava-PR, v.4, n.1, p.221-237,
2011.

STOCKER, J.; WHYSALL, M.; MILLER, G. Q. 30 Years of PSA Technology for Hydrogen Purification. UOP
LLC. 1998.

TIPPAYAWONG, N.; THANOMPONGCHART, P. Biogas quality upgrade by simultaneous removal of CO,
and H,S in a packed column reactor. Energy, v.35, p.4531-4535. 2010.

TOLMASQUIM, M. T. Fontes Renovaveis de Energia no Brasil. Editora Interciéncia, v.1, 515 p., Rio de Janeiro,
2003.

TRUONG, L.V.A.; ABATZOGLOU, N. AH,S reactive adsorption process for the purification of biogas prior
to its use as a bioenergy vector. Biomass and Bioenergy, v.29, p.142-151. 2005.

URBAN, W.; GIROD, K.; LOHMANN, H.; LOHMANN, H.; DACHS, G.; ZACH, C. Technologien und Kosten
der Biogasaufbereitung und Einspeisung in das Erdgasnetz. Ergebnisse der Markterhebung 2007-2008.
Oberhausen: Fraunhofer-Institut fiir Umwelt, Sicherheits und Energietechnik. 2008. p.123.

VARNERO, M.T.; CARU, M.; GALLEGUILLOS, K.; ACHONDO, P. VARNERO, M. T. et al. Tecnologias
disponibles para la Purificacién de Biogas usado en la Generacién Eléctrica. Informacién tecnolégica, v.23,
n.2, p.31-40. 2012.

WALEKHWA, P.N.; MUGISHA, J.; DRAKE, L. Biogas energy from family-sized digesters in Uganda: Critical
factors and policy implications. Energy Policy, v.37, p. 2754-2762. 2009.

WONG;, S.; BIOLETTIL R. Carbon Dioxide separation technologies. Edmonton, Alberta: Carbon & Energy
Management. 2002. Disponivel em: <http://www.bvsde.paho.org/bvsacd/cd08/carbon.pdf> Acesso em:
jul/2013.

YANG, R. T. Gas Separation by Adsorption Processes. Stoneham, MA, Butterworth Publishers: 352p. 1987.

ZICARI, S. M. Removal of hydrogen sulfide from biogas using cow- manure compost. Faculty of the Graduate
School of Cornell University. 2003.

Applied Research & Agrotecnology v7 nl jan/apr. (2014)
Print-ISSN 1983-6325  (On line) e-ISSN 1984-7548
119



