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The use of renewable waste for bioenergy production is in discussion because of the concurrence
to the food or animal feed. The treatment of organic waste is necessary in order to keep clean the
environment. The combination of those proposals, the waste utilization and the production of re-
newable energy can be combined with several techniques. In Vietnam the energy demand will in-
crease rapidly in the next years, because a lot of people do not have access to electricity. The de-
velopment of power sources is limited mainly to large central power plants using hydropower and
traditional fossil fuels. So in the country there exists a considerable potential for sustainable energy
sources like biomass and residues. The biogas potential is large due to the high livestock popula-
tion. There are more than 30 million animals in farms, mostly pigs, cattle, and water buffalo. There
is a high potential for biogas utilization. Biogas production is economic in small and in big plants,
so household biogas digesters are one opportunity for production of renewable energy in small vil-
lages or cities with a high livestock population. The advantage of anaerobic treatment of organic
waste is the work in closed loops. The treatment of organic waste and the utilization of digested
sludge from wastewater treatment plants are samples for the circulation of materials after use. The
remaining materials can be used in the natural circulation process, because the nutrients such as ni-
trogen, phosphorous and carbon, and also trace elements remain in the digested matter. In biogas
plants a huge variety of substrates can be used. The adaption of biogas technology to the special
conditions of the substrates, the increase of the prices for energy, the aim to replace fossil energies
with renewable energies will be forced in the next years.

Viéc sw dung chdt thai cé thé tdi tao duwoc dé san xuat nang luong sinh hoc la vén d@é con dang
dwoc thao ludn vi su canh tranh voi thirc an hodc thirc an cho dong vat. Viéc xu ly cac chdt thai
hitu co la can thiét @é giir sach moi truong. Su két hop cua cac dé xudt do, tan dung cdc chdt thai
vd san xudt ndng lwong tdi tao c6 thé c6 thé dwoc két hop véi mét sé ky thugt. O Viét Nam, nhu
cau ndng heong sé tang lén nhanh .chong trong nhing nam tiép theo, boi vi rit nhzeu nguwoi van
chira ¢é dién sir dung. Sw phdt trién cia cdc nguon nang leong chi giGi han chu yéu la cac nha
mdy dién [on trung tam s dyng thuy dién va cac nhién liéu héa thach truyén thong. Vi vdy, trong
nuoc ton tai tiém nang dang ké cho caic nguon nang leong bén viing nhu sinh khéi va nhitng
nguon khdc. Tiém nang khi sinh hoc 1ém do quan thé dong vit nuédi rat lom. C6 hon 30 triéu dong
vt trong trang trai, chii yéu la lon, bo, trau nude. Tiem ndng sit dung khi sinh hoc rit cao. San
xudt khi sinh hoc rdt cé hiéu qua kinh té trong cdc nha may nho va Ién, do do, cac thiét bi phan
ung tao khi sinh hoc ¢ cac ho gia dinh la mot co hoi dé san xudt nang heong tdi tao trong cdc
thanh phé hay lang mac nhé voi so hwong lon cdc gia sic dwoc chan nuoi. Uu diém cua viéc xir Iy
ky khi cdc chat thai hitu co la lam viéc trong vong khép kin. Viéc xir Iy cdc chat thai hitu co va sir
dung bun phan huy tir cac nha may xw Iy nuoc thadi la cdac vi du cho viéc tudn hodn cdc vt chat
sau khi sir dung. Céc vit chdt con lai c¢é thé dwoc siv dung trong qud trinh tudn hoan tu nhién, vi
cde chat dinh dudng nhi phot pho, nito va carbon, va cd cdc nguyen 16 vi lwong van ton tai trong
nguyén liéu da phdan huy. Trong cdc nha mdy khi sinh hoc, rdt nhiéu logi chat nén cé thé
duogc sur dung. Sw cai tién cong nghé san xudt khi sinh hoc theo cdc diéu kién ddc biét ciia cdc chat
nén, si gia tang cia gid nang luong, muc dich thay thé nguon nang lwong héa thach bang ndng
lwong tdi tao sé la bdt bugc trong nhitng nam 1di.
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1. Introduction

The energy content in waste can be utilized either by bio-
logical conversion of organic matter to biogas or to biofu-
el like bio-ethanol, by combustion of waste, or by produc-
ing a solid fuel for usage in power plants or cement kilns.

The biogas or biofuel production from organic waste is an
economic process already in small, but also in and in big
plants. The process technology can be easily adopted in
dependence of the composition of the substrates and the
water content of the waste.

The use of renewable for bioenergy production is in dis-
cussion because of the concurrence to the food or animal
feed. The treatment of organic waste is necessary in order
to keep clean the environment. The combination of those
proposals, the waste utilization and the production of
renewable energy can be combined with several tech-
niques.

The treatment of organic waste material like livestock
dung and the usage of sewage sludge are examples on
how materials which are produced by nature can be
brought back into the material circle of nature after suc-
cessful treatment. The main objective of an anaerobic
treatment of biomass is to use the energetic potential of
the organic material by fermenting the contained carbon
into methane. Nutrients and trace elements remain in the
fermentation residue and can be returned to the natural
material circle. A variety of different substrates is used in
biogas plants. Figure 1 shows which substrates can be
used in biogas plants.
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Figure 1. Substrates for biogas production
(Scholwin, 2006, modified)

Today in Germany, due to funding-policy based measures
substrates that are difficult to degrade under anaerobic
conditions can be successfully applied in biogas plants.
There are various techniques regarding substrate storage,
substrate pretreatment and substrate input and biogas
plants are built and operated at different sizes. Plants of
agricultural holdings usually have an installed capacity of
about 150 kW or less; the big biogas parks have an in-
stalled capacity of 20 MW.

Depending on size and location of a plant different tech-
niques for biogas processing, biogas storage and biogas
usage are applied. The usage of solid or liquid fermenta-

tion residues depends on the local conditions and legal
requirements. Small agricultural plants use the fermenta-
tion residue directly as soil fertilizer. Industrial plants
mostly have a downstream treatment plant for fermenta-
tion residues, which realizes material recycling as well as
the thermal utilization of fermentation residues. Figure 2
shows the technological procedure of biogas plants.

2. Input materials and biogas potential

2.1 Germany

97 % of all biogas plants belong to agricultural holdings.
As they use manure and excrements from their own live-
stock farming there is no need for logistic chain of sub-
strate purchase. Further, renewable raw materials, which
are grown specifically for biogas production, will be used
as mono- or co-substrate. According to a survey carried
out in 2006 in Bavaria, where more than 40% of all bio-
gas plants of Germany are located, 75% of plants ferment
renewable raw materials like corn, grass and silage from
corn or grass in combination with manure - mainly cow
manure (Biogas Handbook Bavaria, 2010). Figure 2
shows the distribution of substrates.
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Figure 2. Mass flow in biogas plants in Germany
(Thrin et al., 2009, modified)

Biowaste fermentation plants receive their substrate from
the communal and commercial collection of waste materi-
al. Separately collected biowaste from households con-
tains following fractions: kitchen and food waste, garden
waste, paper, cardboard, other waste material (e.g. foreign
matters such as textiles, plastics, glass, metals, compo-
sites) and a fine fraction (usually < 8mm). The propor-
tional composition of separately collected biowaste can
only be determined by a sorting analysis (see Table 1).

Table 1. Composition of separately collected biowaste
from households (according to Schnapke, 2011) in-
cluding data from INTECUS (2002) and Raussen et al.
(2009)

Biowaste fraction Mean value  Range of values
[M.-%] [M.-%]
Kitchen waste 24.4 7.7-68.0
Yard Waste 55.4 3.7-91.5
Paper/Cardboard 5.4 0.2-144
Other 4.8 0.5-21.1
Fine fraction 20.9 7.9-27.0

According to Fricke et al. (2003) the fraction ,,others*
contains on average 57% plastics, 9% glass, 6% metals,
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28% other materials. The fraction of plastics varies be-
tween 44% and 88%.

Depending on the composition of biowaste up to 85% of
the organic material can be degraded.

The collection of biowaste is done separately in every
household. Due to its hygienic brisance biowaste is col-
lected weekly (Stadtmiiller, 2004). Following biowaste is
transported from the collection point to a treatment plant.

2.2 Vietnam

More than 40,000 household biogas digesters with a vol-
ume between 1 to 50 m* have been installed in rural areas
in Vietnam in 2002 (Vietnam Country report, 2007), there
was an increase of the number to 40,000 biogas plants in
2006 (Man et al., 2006).

The biogas potential in Vietnam is large, because the
livestock population was increasing in the last years up to
30 million animals, mostly pigs, cattle, and water buffalo
(see Table 2). A major problem for the increase of the
biogas utilization is the lack of large-scale poultry or pig
farms. The livestock sector is done in household farms
with stocks of 5 to 20 animals (Man et al., 20006).

Table 2. Biomass and biogas potential in Vietnam
(Man, T.D., et al., 2006, Dornack, 2010)

Biomass potential M;o);e’l;:ns l;[;\(;gis.slll)lg/t;:;;?l
Pig dung 25.7 800
Cattle dung 20.2 500
Buffalo dung 16.0 900
Municipal solid waste 6.4 640

That means, that the biogas utilization can cover about
18.000 Gwh/a.

In urban centers, like Hanoi, the utilization of biowaste is
efficient for the use for biogas production. In the city of
Hanoi about 790,000 Mg waste were generated in 2006
(JICA, Hanoi Urenco, 2006), in Ho Chi Minh City the
amount of approximately 1.9 Mio. Mg of waste can be
generated (Man et al., 2006). About 340 kg / person and
year came up. 1.9 Mg of bio-waste can generate about 80
— 140 m® of biogas. Depending on the substrate composi-
tion and the technique of anaerobic digestion the methane
content is about 55-60%. [Kern M., Raussen T., 2009].

The energy consumption in Vietnam between 2000 and
2009 increased from 300 kWh/a per capita to 900 kWh/a
per capita (WKO, 2012). 91 million inhabitants have an
energy demand of approximately 82,000 GWh/a. The
actual percentage of non-fossil energy in sum is about 4%
in Vietnam. The production of biogas energy with the
dates of table 2 could cover about 20% of the energy
demand in Vietnam. So biogas has a high potential for
renewable energy production.

In Vietnam exist a high number of industries with organic
residues like sugar industry, cassava processing factories,

fruit, export canned food, beer and refreshment industries.
All these residues can be used for biogas utilization. Fur-
thermore there is a biogas potential in domestic and urban
solid waste landfills.

3. Process operation of biogas produc-
tion

3.1 Distinction of biogas techniques

Principally it can be divided between different fermenta-
tion systems as shown in Figure 3.
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Figure 3: Overview of fermentation techniques after
Lootsma, a. und Raussen, T. (2008)

3.1.1 Dry and wet fermentation

It is usually divide between dry and wet fermentation.
However this is technically misleading as the microbio-
logical process is always happening in the aqueous phase.
Compared to wet fermentation in dry fermentation sub-
strates are stackable but not pumpable. This depends on
the viscosity of the input material. During microbiological
transformation processes in the fermenters dry matter will
be degraded and water is developing. Therefore the dry
matter content of input substrate can be more than 30%.
Dry fermentation techniques have been optimised for the
utilization of energy crops like maize or rape. Further
input substrates suitable for these kinds of technology are:
household waste, commercial waste, biowaste and agri-
cultural residues such as solid dung, harvest residues,
landscape conservation material and roadside greenery
(Schiisseler, 2004).

Dry fermentation is mostly done single-stage in either
plug flow fermenters or fully mixed digesters. Dry fer-
mentation systems are less susceptible to foreign matters.
That is why they are increasingly used for the fermenta-
tion of biowaste and residues. Because of the consistency
of input substrates special transport techniques (e.g. slurry
pump) are necessary (Schiisseler, 2004), (Scholwin, Gat-
termann, 2005).

For wet fermentation biogenic substrates with high hu-
midity such as manure, sewage sludge and slop are suita-
ble. In general wet fermentation is done in fully mixed
single or double-stage digesters. The material transport
and mixing within the fermenter is very easy because of
the pumpability of substrates. Due to the high water con-
tent of substrates bigger fermenter volumes are necessary.
The removal of unwanted matters needs to be done in
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advance of fermentation. Furthermore the fermentation
residue must be drained (Fricke, Franke, 2002).

3.1.2 Single and multi-stage systems

Biogas plants can be operated single or multi-stage,
whereas multi-stage systems can be either one step or two
step fermentation processes (Figure 4). In one-stage fer-
mentation systems all microbiological steps of degrada-
tion take place in one digester at the same time. But the
milieu conditions are not at optimum for all microorgan-
isms included in the process. There might be longer reten-
tion times needed in single-stage systems (federal envi-
ronmental agency, 1999), (Fricke und Franke, 2002).
Easy degradable substrates can be problematic because
organic acid accumulation leads to process instability.

In multi-stage processes hydrolysis and acidogenesis are
separated from acetogenesis and methanogenesis and
process conditions can be adapted according to the re-
quirements of microorganisms (Fricke und Franke, 2002).
The spatial separation has the advantage of a better pro-
cess stability and higher degradation rates can be achieved
(Weiland, 2001). A disadvantage is the installation ex-
penditure.

3.1.3 Mesophilic and thermophilic processes

Anaerobic degradation processes can be efficiently real-
ised in mesophilic and thermophilic temperature range.
The choice of temperature range influences the composi-
tion of microbiological flora and thereby the gas devel-
opment rates. In general, with similar hydraulic retention
times high temperatures lead to higher gas yields and
degradation rates. But higher energy expenditure is need-
ed to ensure the thermophilic conditions within the fer-
menter. As thermophilic methane producers have shorter
generation times than mesophilic methane producers
shorter hydraulic retention times can be realised com-
pared to mesophilic proceedings.

The advantages of mesophilic and thermophilic operation
of biogas plants are listed in the following table 3 (Kalt-
schmitt, 2009).

Table 3. Advantages of mesophilic and thermophilic

operation of biogas plants (Kaltschmidt, 2009)
Mesophilic proceeding  Thermophilic proceeding

Lower water vapour
content of biogas

Higher growth rates

Less energy is needed to
heat fermenters

Lower solubility of oxygen
in the substrate, therefore
fast development of anaero-
bic conditions

High variety of microor-
ganisms, therefore higher
process stability

Due to lower CO, solu-
bility in the liquid and
therefore lower CO,
content of biogas

Better killing of pathogen
germs

Reduction of sludge volume

Shorter retention times

Most biogas plants are operated at mesophilic range be-
tween 35°C and 40°C. The thermophilic temperature
optimum is between 52°C and 57°C.

3.2 Preparation for anaerobic Treatment

Reflecting on the substrates only biowaste and residual
wastes needs to have an intensive pre-treatment in gen-
eral. The objective of pre-treatment of biowaste before
anaerobic processing is mainly the removal of unwanted
matter, the comminution and homogenization of material.
The volume flow is reduced by the amount of unwanted
matter, which is removed from the input material and will
not be treated in anaerobic fermenter (e.g. minerals, plas-
tics). Technical separation processes have a high but not a
100% selectivity and separation rate. The treatment steps
and aggregates for biowaste and residual waste need to be
adapted according to the plant specific conditions.

A comminution of biowaste and residual waste but also
for renewable raw materials, yard waste and agricultural
residues is necessary to prepare the substrates for an effi-
cient fermentation process. The comminution leads to the
enlargement of the specific surface area and improves the
water absorbency. Mixing and homogenizing of substrates
is reasonable especially if the consistency of substrates is
varying. Furthermore it leads to a faster degradation due
to improved transportation processes.

3.3 Microbiological fundamentals

The anaerobic degradation proceeds in four steps accord-
ing to Figure 4.
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Figure 4. Schematically overview of anaerobic diges-
tion of organic substrates (Weiland, 2003)

3.3.1 Hydrolysis and Acidogenesis

During hydrolysis the substrate (lipids, carbohydrates and
proteins) is transferred into water soluble, low-molecular
compounds by enzymes. This step is time limiting for the
degradation of solid matter because material such as cel-
lulose und lignin is only poorly or even not degradable
during anaerobic fermentation. If the substrate contains
many easy degradable carbohydrates such as starch or
glycogen, a fast acid development will occur. Fats are
hydrolyzed into glycerine, fatty acids and alcohol by extra
cellular lipases and phospholipases. At temperatures >
20°C fats are fully, but slowly hydrolyzed. The hydrolysis
of proteins is very complex compared to other substance
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groups. The hydrolysis rate is lower than for carbohy-
drates and often lower than for fats (Bischofsberger et. al,
2004). Fermentational bacteria transfer sugar, alcohols,
fatty acids and amino acids developed during hydrolysis
into organic acids. The concentration of intermediary
bound hydrogen determines the variety of fermentation
products: low hydrogen concentrations lead to an intensi-
fied production of CO,, H, und acetate, whereas high pH
values cause the development of reduced end products
such as propionate and butyrate.

3.3.2 Acetogenesis and Methanogenesis

The acetogenic bacteria use the intermediate products
from acidogenesis to produce acetate, CO, and H,. The
growth rate of acetogenic bacteria is inhibited by high
hydrogen concentrations. It is for this reason that the
acetogenesis and the following step of methanogenesis
takes place in a close special symbiosis to ensure that the
hydrogen developed is directly used.

The propionic acid metabolism is often the time limiting
step of anaerobic degradation (Schink, 1997).

Methanogenic bacteria are substrate specialists, which can
only ferment a few organic compounds to methane. The
energy gain from H, and CO, more advantageous, how-
ever about 72% of methane is developed from acetate
during a single-stage process. Only 28% of methane is
developed from CO, and H,. A small amount of species
can use other substrates such as formic acid and ethanol
for methane synthesis (Smith and Mah, 1966).

3.3.3 Environmental conditions and process quantities
of anaerobic degradation

The metabolic processes that proceed in the biogas fer-
menter require special environmental conditions (Table
4).

Table 4. Environmental requirements of hydrolysis/ acidification and methane fermentation (after Weiland,

2001)

Parameter Hydrolysis/acidification Methane fermentation

Temperature 25-35°C mesophilic: 35 — 40 °C
thermophilic: 52 — 57 °C

pH-Value 52-6.3 6.7-8.2

C:N-Ratio 1045 20-30

Solid matter content <40 % dry matter <30 % dry matter

Redox potential +400 — -300 mV <-250 mV

Nutrient demand C:N:P:S 500:15:5:3 600:15:5:3

Trace elements

3.4 Products of biogas production and utiliza-
tion

Biogas and fermentation residue are the end products of
biogas production. In general the biogas is used for ener-
getically. The fermentation residue can be used for differ-
ent purposes.

3.4.1 Biogas and its utilization

Biogas from biogas production is denoted as raw biogas.
It consists of 50-70% of CH,, 30-50% of CO, and small
amounts of water vapour, H,S, H,, O,, NH; and other
trace gases. The further treatment of biogas is determined
by the utilization purpose (Figure 5).

The advantage of biogas over other renewable energies
like wind and solar energy is that it can be stored and its
utilization is therefore independent from the location of
biogas production. To feed biogas into the natural gas
network or to use it as a fuel, it needs to be treated inten-
sively. Afterwards it can be denoted as pure biogas

no specific requirements

essential: Ni, Co, Mo, Se

Biogas station

Biogas — treatment —— Gas net < power

Power station <
heat
power

Power station <
heat

Biogas

treatment

Figure 5. Utilization options of biogas
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3.4.2. Utilization of fermentation residue

There are different utilization options for the fermentation
residues from agricultural as well as waste material biogas
plants. The quality of fermentation residue depend on the
input substrate, process operation and degradation rate.
Especially in agricultural plants it is common to use fer-
mentation residues without a previous mechanical drain-
age. The fermentation residue is directly spread on agri-
cultural areas as fertilizer during the vegetation period. By
that the nutrient and carbon cycle can largely be closed.
To be able to spread the fermentation residues an ade-
quate amount of agricultural areas is required. If there are
not enough agricultural areas the fermentation residue will
be given to a manure market or is drained for further
transport.
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The fermentation residue is given to a part or full treat-
ment. During part treatment only a share of nutrients and
carbon compounds is separated by draining. The objective
of full treatment is to process the fermentation residues in
a way that nutrients are available in high concentrations
and that the purified waste water can be given to a waste
water treatment plant, which is also called indirect dis-
charge or direct discharge if given to receiving water after
treatment. The treated clear water can furthermore be
used as process liquid for fermentation. Figure 6 illus-
trates the general possibilities of treatment and utilization
of fermentation residues.
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reference: Wilken, 2010

Figure 6. Treatment options of fermentation residues
(Wilken, 2010)

3.5 Emissions

There are many discussions in literature on the amount of
diffuse greenhouse relevant emissions produced by biogas
plants. Recent studies show a very diverse view on that
(e.g. Cuhls et al. (2009)). The parameters are TOC mass
concentration (kg/m*) and mass flow for TOC (kg/h) and
mass flow limit for ammonia (kg/h).

Organic carbon emissions (especially methane) develop
under certain conditions e.g. during delivery of substrates;
as odour emissions; as ammonia in the sewage storage; as
methane in seepage water; as methane slip during gas
treatment; as formaldehyde and methane in emissions
from combined heat and power units; during stand still,
maintenance and reparation of biogas plant; as odour,
ammonia, methane and laughing gas during storage and
spreading of fermentation residues (Daniel et.al, 2008).

Cuhls et al. (2009) have primarily examined their meas-
urements with compost plants as well as with a few fer-
mentation plants with downstream composting.

Up to now it was agreed that the methane slip from biogas
plants is about 3%. This value is considered for the cli-
mate balance of fermentation plants.

4. Summary - Perspectives of biogas
technology

In comparison the energy consumption per capita in Vi-
etnam is only 20% of the energy use in Germany. In
Germany about 5% of the energy demand per capita can
be covered by biogas energy. In Vietnam, about 20% of
the energy demand can be covered by biogas from agri-
cultural residues and biowaste. There is another potential
by the use of energy crops and industrial organic waste.

The country’s livestock sector is growing, in 2010 the
country counts more than 336 million of livestock animals
(GSO, 2010).

Besides the building of new biogas plants the focus of
investigations will be on the exploitation of other sub-
strates, the closing of cycles and the reduction of emis-
sions from biogas plants in both countries. By developing
of modular technologies for biogas plants the investment
and operation costs can be reduced. The improvement of
the efficiency of combined heat and power units and the
alternative utilization of biogas can increase the overall
energy balance of plant operation. Regarding microbial
matter conversion the enhanced disintegration of sub-
strates, e.g. the improvement of biological availability
through an intensified hydrolysis of hardly digestible
materials, can fasten the overall process. Especially the
biogas sector has a high development potential for the
decentralized energy generation. However, utilization
competition with other energy generating technologies
exists. For further success possible credits for the fermen-
tation products used as humus substitute are essential. The
main advantage of biogas electricity is that it can be used
as balancing energy in the future to compensate the natu-
ral disadvantages of wind and solar energy plants.
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