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Abstract. Globally, the pollution prevention goals transposed in the Kyoto Protocol, require
sustainable solutions regarding the management of organic waste from both agricultural, and
livestock farms. Biogas production by anaerobic digestion of organic wastes and residues provides a
range of socio-economic benefits, but also environmental, thus contributing to monitoring the
complex relationship between human health and the environment. The European Union policies
regarding renewable energy systems (Europe 2020 Strategy — A strategy for smart, sustainable and
inclusive growth and Green Paper ,,Towards a European strategy for the security of energy supply®),
highlights that the production of renewable energy, reducing greenhouse gas emissions and a
sustainable waste management, are essential for sustainable development in the future.

In this context, this paper will review aspects of biogas production by anaerobic digestion of
organic waste, stages of anaerobic digestion process and concepts of biogas plants used in European
countries.

Introduction

The worldwide reductions of conventional energy resources, as well as the restrictive legislation
regarding the level of environmental pollution, have created premises for the identification and
exploitation of new economic and clean energy sources. Following the trend imposed by the
European Union, the proportion of renewable energy sources use should increase significantly.
Also, many countries, particularly those in the region of S-E Europe, give an increasing importance
of issues such as environmental protection, maintaining biodiversity and reducing greenhouse gas
emissions, issues that have created premises for the exploitation of other sources for obtaining fuel.

Biomass is considered one of the basic renewable resources for the future that can be used in
small and large scale. A definition for biomass adopted by E.U. legislation is: ,, the biodegradable
fraction of products, waste and residues from agriculture (including vegetal and animal
substances), forestry and related industries, as well as the biodegradable fraction of industrial and
municipal waste” [1]. Worldwide, biomass is considered a valuable source of alternative energy to
fossil fuels, because its energy can be transformed into a variety of forms of energy, such as: heat,
steam, electricity, hydrogen, biogas, as well as other fuels (biodiesel, ethanol and methanol) that are
considered substitutes for fossil fuels in transport [2].

Among the fuels from vegetal biomass, biogas has a great importance and can successfully
replace fossil fuels for obtaining electricity and heat, but, uses of biogas exist for years also in the
field of transport [3].

Biogas production by anaerobic digestion process is considered to be the optimal treatment for
manure, as well as of a wide variety of organic wastes suitable for this purpose, because these
substrates are converted into renewable energy and organic fertilizer for agriculture. In the European
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Union countries, are produced annually more than 1500 million tons of manure from animals.
Another agricultural substrate suitable for anaerobic digestion to obtain biogas is represented by
energy crops, among which the most common are maize silos and energy grass crops [4 - 6].

The main components of biogas are the methane (CH4) and carbon dioxide (CO,), but can also
contain, depending on the composition of the substrate, traces or significant amounts of unwanted
contaminants such as hydrogen sulfide, ammonia, water vapor and siloxanes whose presence could
cause corrosion. Therefore, biogas quality (purity and composition) is very important, and his
purification represents a crucial final step of the overall process of production for its final
application [7]. Methane is the only component of biogas that contributes to its calorific value.
Thus, depending on the type of substrate used and depending on the operating conditions of the
fermenter, biogas composition consists of 50-75% CHy and 25-50% CO,, together with the above
mentioned components. It has been shown that 1m® of raw biogas with a content of 60% CHy at
standard temperature and pressure, has a calorific value of 21.5 MJ (equivalent to 5.97 kWh of
electricity) compared to pure methane which has a calorific value of 35.8 MJ (9.94 kWh electricity
equivalent) [8].

The biogas energy will play an important role in achieving the ambitious targets approved in
2009 by the European Directive for energy from renewable sources [9], which stipulates that a
percentage of 20% of final EU energy must be provided from renewable sources by the year 2020.

This review includes a general discussion on biogas technology, biogas plants concepts and
aspects regarding anaerobic digestion process.

2. Basic principles of anaerobic digestion

The process of anaerobic digestion represents a biochemical process, by which complex organic
substrates (vegetal biomass, animal manure, organic waste, wastewater, sludges from sewage
system) are degraded, in the absence of oxygen, to the stage of biogas and digested by various types
of anaerobic bacteria [6].

2.1. The anaerobic digestion process stages

For the anaerobic digestion process, in order to convert organic matter into biogas, are required
several different consortia of microorganisms with different roles, which translates to a series of
metabolic steps, namely: hydrolysis (or liquefaction), acidogenesis, acetogenesis and
methanogenesis (see Fig. 1) [10, 11].

In the first step, hydrolysis (liquefaction), is taking place conversion of complex organic matter
consisting of protein, polysaccharide, carbohydrate and lipid, in soluble oligomers and monomers,
such as: sugars, long-chain fatty acids, amino acids and glycerol [10]. The hydrolysis process of
organic polymers is usually performed by extracellular enzymes called hydrolases, and they may be
or may be not the step of rate slowing of their conversion in anaerobic conditions [12].

In the second stage, called acidogenesis, soluble compounds are fermented and converted by the
acidogenic bacteria in a mixture of intermediates compounds, such as carbon dioxide (CO,),
hydrogen (H;), alcohols and organic acids [10].

In the third stage, acetogenesis, organic acids are partially oxidized by acetogenic bacteria
producing hydrogen and acetic acid. In this stage, there are two different mechanisms: acetogenic
hydrogenation and acetogenic dehydrogenation. Generally, in the anaerobic digestion process,
acetogenesis refers to acetogenic dehydrogenation and especially at anaerobic oxidation of short and
long chain fatty acids [10, 12].

Finally, in the methanogenesis stage, both acetic acid and hydrogen represent the substrate for the
formation of methanogenic bacteria. Thus, acetic acid and hydrogen are converted into biogas,
which is primarily composed of methane (CHy4), carbon dioxide (CO,) and hydrogen sulphide (H,S)
[10].
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Fig. 1 The main stages of anaerobic digestion process [10, 11]

2.2 Parameters that influence the anaerobic digestion process

Anaerobic microorganisms, especially especially the methanogenic one, are very sensitive to
changes in environmental conditions. Many researchers [13-16] have studied the influence of some
environmental factors that influence the anaerobic digestion process, because methanogenic bacteria
are very vulnerable, and thus require careful monitoring of environmental conditions.

In this context, the most important parameters in the anaerobic digestion process which can
completely inhibit the production of biogas are: the composition of the substrate, C/N ratio,
temperature, pH, content of heavy metals, and homogenization of the substrate and retention time in
the fermenter.

2.3 Advantages of anaerobic digestion process

Biogas production by anaerobic fermentation process and its use provides many socio-economic
benefits, but also environmental, both to the whole society and for the farmers directly involved in
this activity, such as [6]:

v’ renewable energy source;

v reduced emissions of greenhouse gases and reduce the global warming;

v’ contribution to the alignment to the European Union requirements for energy and
environmental protection;

v" reduction of biodegradable waste by turning them in the form of biogas and digestate
(excellent fertilizer for agriculture);

v" reducing the odors from livestock but also from other organic waste;

v' significant additional source of income for the agricultural sector.

Anaerobic digestion has a limited impact on the environment, which is related to the biogas
production itself [17]:

o risk of odours, solved by burning odorous components in the exhaustion air or
other odour treatment techniques
o risk of explosion, solved by utilisation of explosion-proof equipment.
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3. The situation of biogas technology in Romania vs. developed countries in Europe

There are many types of biogas plants in Europe, categorised according to the type of digested
substrates, according to the technology applied or according to their size. The biogas plants
digesting manure are categorised as agricultural biogas plants, and they usually co-digest manure
and other suitable organic residues, many of them of agricultural origin as well. The EU-countries
where the agricultural biogas plants are most developed are Germany, Denmark, Austria and
Sweden and to a certain level the Netherlands, France, Spain, Italy, United Kingdom and Belgium.
The technology is under current development in countries like Portugal, Greece and Ireland as well
as in many of the new, Eastern European, member states, where a large biomass potential is
identified. One of the pioneer countries in developing agricultural biogas plants for manure and
organic wastes co-digestion was Denmark, were the joint biogas plant concept was developed
throughout the last two decades and represents today an integrated system of manure and organic
waste treatment, nutrient recycling and renewable energy production, generating agricultural and
environmental benefits [18].

According to IEA Bioenergy Task 37, [19], worldwide there are more than 340 biogas plants
modernized. In Fig. 2 it can be seen that most modern biogas plants are found in Sweden and
Germany.
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Fig. 2 Geographic location of modern biogas plants, reported by IEA Bioenergy Task 37 [19]

Biogas production in Europe shows a significant increase in the last period. According to the
latest available data, it reached 8.3 million t of oil equivalent in 2009, fact which represents an
increase of 4.3% compared to 2008. This increase is mainly due to the processing sector of methane
from corn, which has developed in Germany in 2004. Germans are leaders in this sector,
representing 51% of European biogas production, followed by Italy, the Czech Republic and Austria
[20].

In Romania, the biogas technology sector is in its infancy, the biogas market in our country being
one of the least developed in Europe. The biomass from agriculture can be an important source of
raw material for biogas production. From this point of view, Romania has a utilized agricultural
area of 13.9 million hectares, representing about 60% of the total area of the country, on this surface
being distributed more than 4.3 million farms.
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It should be taken into account that the location of a biogas plant requires on the one hand the
availability of raw materials used, but must be considered also the technical possibilities of supply,
collection and transportation costs [6].

Prioritizing biomass sector, the Romanian Government is preparing the stage for sustainable and
solid development of biomass and biogas, avoiding the problems of the past. Among the new
projects of the biogas plants in Romania, include biogas plant from Ardud, Satu Mare, biogas plant
from Prahova that processes an amount of 49 tons of organic substrates derived from Cris Tim
sausage factory, biogas station in Tufeni, Olt County with a capacity of 800 kW which processes the
substrate consisting of pig manure and maize silage or other vegetal wastes [21, 22].

Another important project regarding biogas technology in Romania is construction of the pilot
plant for biogas production in Seini, Maramures County. The raw material that will be used will
consist of waste from pigs, cows and chickens and silage produced from energy crops (corn or
sorghum). Also, in the biogas plant will be used manure collected from households. The maximum
capacity of biogas plant is 54.79 tons/day, namely 49.31 tons/day manure and 5.48 tons/day plant
silage. The amount of biogas produced annually is estimated at 1.527.445 m’/year, its valorization
leading to a production of about 2.923 million kWh/year of produced electricity [23].

Other biogas plants are found in Vaslui (plant loaded with poultry manure and with energy
plants, which provides 340 kW and can reach a capacity of 500 kW), [alomita, Harghita i.e. [24].

Currently, in Romania, are produced about 1,700 t of oil equivalent (toe) electricity and about
1.900 toe thermal energy generated from biogas/year [25].

4. Concepts of biogas plants

Biogas installations processing agricultural substrates are some of the most important
applications of anaerobic digestion today [26]. A biogas plant is a complex installation, consisting
of a variety of elements. Depending on the type, size and operational conditions of each biogas
plant, various technologies for conditioning, storage and utilisation of biogas are possible to
implement. The biogas plants have a common principle layout: manure is collected in a pre-storage
tank, close to the digester and pumped into the digester, which is a gas-tight tank, made of steel or
concrete, insulated to maintain a constant process temperature. Digesters can be or vertical, usually
with stirring systems, responsible for mixing and homogenising the substrate, and minimising risks
of swimming-layers and sediment formation or horizontal. Apart from the digester, equipped with
stirring system, the plant can include pre-storage for fresh biomass, storage for digested biomass and
for biogas, and even a CHP unit [6].

When designing a fermenter suitable for a biogas plant must consider a number of factors
including: the type of waste to be processed, the quantity of waste generated, and the local
environmental conditions [27].

The Oregon State Department of Energy [28] reported that there are three basic digester designs:
,»a covered lagoon digester” is suitable for liquid manure with less than 3% solids; ,,a complete mix
digester” is suitable for manure having solids concentration of 3—10%; and ,,plug-flow digesters”
are suitable for ruminant animal manure having solid concentrations of 11-13%"".

In Fig. 3 is represented the scheme of a horizontal fermenter used in Germany, with a capacity
that can vary between 50-150 m® [29].

Various types of biogas storage facilities are available today. The simplest solution is the biogas
storage established on top of digesters, using a gas tight membrane, which has also the function of
digester cover (Fig. 4). For larger biogas plants, separate biogas storage facilities are established,
either as stand-alone facility or included in storage buildings. The biogas storage facilities can be
operated at low, medium or high pressure [6].

To allow the efficient use of biogas obtained through anaerobic digestion process, its purification
units need to be modernized in order to eliminate a percentage as high of carbon dioxide, hydrogen
sulfide and water vapor [30].



190 Advances in Engineering & Management

lllf’%ﬁ;_LM

Fig. 3 Schematic representation of a horizontal fermenter used in Germany [29]
1 — motor, 2 — heating, 3 — mixer arms, 4 — gas dome

Fig. 4 Vertical digester covered with waterproof membrane for capturing biogas [23]
1 — digester; 2 — feeder; 3 — stirrer; 4 — liquid manure; 5 — conveyor; 6 — CHP unit

In the current biogas industry, absorption of carbon dioxide (CO,) and hydrogen sulfide (H»S) is
performed using a water solution of amine. The most used amines for this purpose are
methyldiethanolamine (MDEA), diethnolamine (DEA) and monoethanolamine (MEA) [31]. The
diagram for CO, and H,S removal from biogas is shown in Fig. 5.

Another method for removing CO,, H,S and water vapors from the biogas is to use a separation
membrane (Fig. 6). During the purification process, is retained most of the CHy4 percentage in the
biogas, while carbon dioxide, hydrogen sulphide and water vapor permeate the membrane. The
membranes used for purification of biogas are made of glassy polymer. The speed of diffusion
through the membrane used in the biogas technology depends on the size of the molecules, and the
degree of hydrophilicity [30,32].

As seen in the Fig. 5, the inlet stream (1), enters the absorber from the bottom, in which it is
contacted with the amine solution (2). The CO, (and H,S) part of the biogas is reacted with the
amine and transferred from the gas to the liquid phase. This is an exothermic reaction, heating the
solution from the inlet 20-40°C to 45-65°C. The product stream (3) exits in the top and contains
mainly methane. The liquid exiting the absorber (4) is preheated using the stripper exit stream (14).
The liquid is then passed to the top of the stripper column (5). Inside the stripper column, the liquid
enters a flash box where any CO; is removed. The liquid is then distributed and passed through a
packing material where it is contacted with steam and CO, released further down in the stripper
column.



Advanced Engineering Forum Vol. 13 191

Carbon dioxide
O
Ry 10
Upgraded I 5
biomethane | = // x\. 1 .
~ ™~ TE;
- 2 " i
' |
16 — =2
B3 (ST 8
1 "a?—b
_ 17 7
Raw biogas
15 14
4 —. 12
. _,/I} ] =
o ~ > .= 7 13 "
Absorber —
Stripper

Fig. 5 The diagram of amine scrubber to remove CO; and H,S from biogas [30]

The bottom part of the stripper column is equipped with a reboiler in which heat is added (120-
150°C) and part of the amine solution boiled. The purpose of the reboiler is: first of all it provides
the required heat of reaction for the release of CO, (and H,S) from the amine, secondly it generates
steam to lower the partial pressure of the CO; in the column which improves the kinetics of the
desorption. The stripper pressure is slightly higher than the absorber pressure, usually 1.5-3 bar. The
heat supplied to the reboiler (12) may be hot water/oil or steam. The mixture of the released CO,
(and H,S) and steam exit the stripper column in the top (6) and is cooled in a condenser. The
condensate (mainly steam but with traces of amine) is returned to the stripper (7). The cooled gas
stream will consist mainly of CO; and if H,S is entered into the system it will leave it here.

The product gas will also have to be dried before being used in an automotive or indeed any
other application. This is done using temperature swing adsorption, pressure swing adsorption or
freeze drying [30].

BIOMETHANE
CO,,0,,H,0,H.S...

Fig. 6 Biogas purification using membrane technology [30, 33]
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5. Conclusions

Anaerobic digestion process of animal manure offers several environmental, agricultural and
socio- economic benefits throughout improved fertilizer quality of manure, considerable reduction
of odors and inactivation of pathogens and last but not least production of biogas production, as
clean, renewable fuel, for multiple utilizations.

European directives relating to the renewable energy production, the reduction of greenhouse gas
emissions and sustainable waste management is based on the commitment of Member States to
implement appropriate measures to reach them. Biogas production from anaerobic digestion process
and its use has the potential to meet all three targets simultaneously.

The concern for environmental risks reduction, sustainable development and use of renewable
energy sources, have gained important valences in recent years, fact that led to adopt significant
measures in our country, among which is found the process of anaerobic digestion.

The future development of biogas from manure co-digestion includes the use of new feedstock
types such as by-products from food processing industries, bio-slurries from biofuels processing
industries as well as the biological degradation of toxic organic wastes from pharmaceutical
industries.
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