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ABSTRACT

One of the main environmental problems of today’s society is the continuously
increasing production of organic wastes. The discovery of abundant natural gas resources
has greatly increased the study of using methane as a feed stock to produce
transportation fuels. Biogas (primarily containing methane and carbon dioxide), which is
generated from biomass or organic waste via anaerobic digestion or from landfills, is
regarded as a renewable source of methane, and has the potential to achieve sustainable
production of transportation fuels. Since biogas also contains a significant amount of
impurities (e.g.,hydrogen sulphide, ammonia, water vapor and siloxane), a procedure is
generally required to clean it before its final use.In this paper are presented the advanced
methods of biogas purification.

INTRODUCTION
In an effort to satisfy the rising global demand for energy and at the same time to
combat the environmental impacts such as global greenhouse gas (GHG) emissions, it's
worth searching for potential energy alternatives. As a base line for most approaches, the
issues of producing sufficient quantity of energy with high quality, economical viability and
environmental sustainability are the actual concern.

One of such vital components of the world's supply of energy that has fulfilled the
aforementioned requirement is natural gas. In addition to its primary importance as a fuel,
natural gas is also a source of hydrocarbons for petrochemical feed stocks. Many
researches have been undertaking on natural gas field as the presence of high component
of methane in natural gas contributes for the production of other potential products such as
syngas and high purity hydrogen [2].

Biogas is an energy carrier produced by microbial degradation of organic matter.
This process, called anaerobic digestion (AD), requires specific conditions, such as a low
redox potential (lack of oxygen). This condition is common for natural environments, for
example marine sediments or animal stomachs. When it is used for energy production, AD
takes place in specially designed digesters. Manure, agricultural residues, organic waste
from households, food and agro-industries, sewage sludge, etc. can serve as raw material
for AD.Depending on the composition of the raw material, the degradation time varies from
a few hours to a few weeks. Average retention times of 60 to 120 days are common for
agricultural digestors. After degradation, two products result from the process: biogas and
digestate.

Biogas is mainly composed of methane and carbon dioxide. It can be used to
generate electricity, heat and fuel.

Digestate is the biomass remaining after AD degradation. It is an excellent fertilizer
that has improved characteristics compared to the original raw material. Scents are
reduced and the availability of nutrients for plants is increased [1].
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Fig. 1 - The anaerobic decomposition of organic matter consists of three main phases:
A. Hydrolysis (1a, 1b, 1c). B. Acidogenesis, also called fermentation (2, 3, 4).
C. Methanogenesis (5, 6). [5]

The complete biological decomposition of organic matter to methane (CH4) and

carbon dioxide (CO2) under oxygen-depleted conditions — i.e. anaerobic — is complicated
and is an interaction between a number of different bacteria that are each responsible for
their part of the task.
What may be a waste product from some bacteria could be a substrate (or food) for
others, and in this way the bacteria are interdependent. Compared with the aerobic
(oxygen-rich) decomposition of organic matter, the energyyield of the anaerobic process is
far smaller. The biogas process is often divided into three steps: hydrolysis, acidogenesis
and methanogenesis, where different groups of bacteria are each responsible for a step
(see Fig. 1).

Biogas formed in the methane fermentation process contains about 50+60% of
methane. Other ingredients such as carbon dioxide, hydrogen sulphide, water, water vapor
and small amounts of nitrogen and oxygen are the ballast lowers heating value of biogas.
The calorific value of raw biogas is much lower than natural gas or compressed natural
gas used as motor fuel CNG.

Biogas most is often used for processing into electricity and/or heat. Purification of
biogas for these applications is reduced mainly to remove hydrogen sulphide and water,
which affect negatively the functioning and viability of power equipment, causing them to
corrode [6].

MATERIAL AND METHOD

When biogas is used for heat and electricity production via a combined heat and
power (CHP) unit, only water and H2S removal is required. However, using biogas for
pipeline injection and transportation fuel conversion has strict requirements on its
composition. According to U.S.pipeline specifications, natural gas pipeline injection
requires purified biogas that contains COz, water and H2S at less than 3%,112mg/m?, and
4ppm [9]. Bio-CNG conversion requires purified biogas with higher than 97%CHai. For
liquefied biomethane production, biogas has to be purified to contain less than 25ppm,
4ppm and 1ppm of CO2, H2S and H20, respectively, to prevent dry ice formation and
corrosion [10].
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In order to obtain biogas in a productive and profitable way, it must be processed
before use. Thus, prior to use, raw biogas is subjected to conditioning (purification)
operations, resulting in the properties required by users.

Biogas purification is the operation of retention of unwanted biogas components
before it is used in the combustion process. Whatever the ultimate way of using biogas, it
is impossible to use it in the raw state. The only recyclable component is methane. To
enable the use of biogas by cogeneration, the substances to be eliminated are: water,
organohalogen, carbon dioxide and sulfur [4]. The most important reasons for improving
the quality of biogas include the need to meet the requirements of the installations in which
it is used (engines, boilers, fuel cells, etc.), increasing its calorific value but also for
standardizing the quality [6].

The method of conditioning the raw biogas must be determined from the
construction of the biogas plant for the fact that it may require some specific details in the
construction of the plant.

RESULTS AND DISCUSSIONS

Raw biogas needs to be cleaned to remove toxic and harmful constituents (e.g.,
hydrogen sulphide, ammonia, VOCs, halides, moisture, siloxanes, particulates, etc.) to
meet regulatory and technical standards. The main methods of advanced biogas treatment
currently used include membrane separation, supersonic and cryogenic separation.

Membrane separation

Membrane techniques allow the separation of pollutants mainly carbon dioxide and
hydrogen sulphide. This processes are still relatively new but growing up very rapidly [6].
Membrane separation utilizes high gas pressures to create a large pressure differential
across a nano-porous material (membrane) causing gas separation by several different
mechanisms: molecular sieving (size exclusion), Knudsen diffusion (mean path
difference), solution-diffusion (solubility difference), surface diffusion (polarity difference),
and capillary condensation (adsorption).

Gas separation membranes are mostly constructed from bundled polymeric (e.g.,
polysulfone, polyimide, polydimethylsiloxane) hollow-fiber membrane or carbon
membrane, as opposed tonatural organic or sheet, for superior structural integrity and
higher surface-area-to-volumeratios. The hollow-fibers are bundled within small self-
contained vessels, allowing for easy membrane unit replacement (Fig. 2).

Biomethane up to 99%

COa2, O2, H20, H2S...

Biogas

Fig. 2 - Hollow-Fiber High-Pressure Gas Separation Membrane
Design and Process Configuration [8]

Biogas generally requires pre-treatment to remove aggressive substances that can
destroy themembrane material, in addition to the fact that the membranes do not remove
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H,S or inerts (e.g., O,, N;) very well.In order to achieve higher methane content in the
product, several stages may be used.

For instance, biogas can be upgraded to around 92% methane content with a single
membrane, or 96% with two or three membranes in series. However, the use of more
membranes leads to higher methane loses and greater energy consumption. Membrane
separation processes can have low or high energy consumption (0.18 — 0.77 kWh/Nm?),
with the potential for low power consumption (< 0.22 kWh/Nm?) with highly selective
membranes.
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Fig. 3 - System of membranes mounted in series [6]

Membrane is a filter through which can pass without any obstacle,at least one of the
components of the separated mixture, while others are stopped by it because of their size
or affinity. It is associated with different permeability of the membrane. Transport through
the membrane occurs thanks to an appropriate driving force, i.e.the chemical potential
difference in both site of the membrane [6].

Cryogenic Separation

In addition to the continuous improvement of already existing biogas purification
technology are developed also new technologies. One of them is a cryogenic purification
of biogas. This process takes place under very low temperatures (about -100°C) and high
pressure (40 bar).

The raw biogas is cooled down to a temperature at which the carbon dioxide is
condensed or sublimation, and can be separated from the biogas in liquid or solid fraction,
while the methane accumulates in the gas phase [6].

Finally, the distillation column separates CH4 from the other contaminants, mainly
H2S and CO2. The main advantage of cryogenic separation is the high purity of the
upgraded biogas (99% CHai), as well as the large quantities that can be efficiently
processed. The main disadvantage of cryogenic separation is that cryogenic processes
require the use of considerable process equipment, mainly compressors, turbines and
heat exchangers. The need for the equipment raises capital and operating costs relative to
other options. The final price of upgraded biogas using this technique is estimated to be
€0.44 per Nm? biogas [9].
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Fig. 4 - Cryogenic Distillation Process Diagram, Acrion Technologies CO2 Wash [8]

The main advantage of cryogenic separation is possible to obtain biogas with high
methane content of up to 99%. The main disadvantage is that for the upgrading process is
necessary to use many of technological equipment, especially compressors, turbines and
heat exchangers. This significant demand for equipment makes cryogenic separation
extremely expensive.

Supersonic Separation

A recent, novel approach to gas clean-up is supersonic separation, consisting of a
compacttubular device that effectively combines expansion, cyclonic gas/liquid separation,
and recompression. A laval nozzle is used to expand the saturated feed gas to supersonic
velocity, which results in a low temperature and pressure (Fig. 5). This causes the
formation water and hydrocarbon condensation droplet mist.
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Fig. 5 - Supersonic Separator Cross-Section [8]

CONCLUSIONS

One of such vital components of the world's supply of energy is natural gas. Biogas
formed in the methane fermentation process contains about 50+60% of methane. Other
ingredients such as carbon dioxide, hydrogen sulphide, water, water vapor and small
amounts of nitrogen and oxygen are the ballast lowers heating value of biogas. The main
methods of advanced biogas treatment currently used include membrane separation,
supersonic and cryogenic separation.

Membrane techniques allow the separation of pollutants mainly carbon dioxide and
hydrogen sulphide. These processes are still relatively new but growing up rapidly.
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The main advantage of cryogenic separation is possible to obtain biogas with high
methane content of up to 99%. The main disadvantage is that to the upgrading process is
necessary to use many of technological equipment, especially compressors, turbines and
heat exchangers.

A recent, novel approach to gas clean-up is supersonic separation, consisting of a
compact tubular device that effectively combines expansion, cyclonic gas/liquid
separation, and recompression.
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