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MODELOWANIE EMISJI Z DU ZYCH BIOGAZOWNI

Abstract: The main objective of the “Guidelines for the depenent of agricultural biogas plants in Poland
within 2010-2020", is a construction of biogas pfaprocessing agricultural biomass resources wiitalsle
conditions in each municipality. In the Czech Rdjmuproduces about 6.5% of energy from renewabieczs.
Biogas plants give - contrary to solar and windeleity stations - the stable performance throughbe whole
year. Biomass should be a key source for achietriegCzech EU commitment to produce 13% of energm fr
renewable sources in 2020. The experience, whefeAgticultural biogas plants are currently in opiena, has
shown that there are considerable problems wittopgy location of newly designed agricultural bisgdants in
the landscape. The Czech-Polish border area islynfiit wooded recreation region. For these reastins
Gaussian model SYMOS'97 (version 2013), adaptedoftwur dispersion modelling from large agricultural
sources is supposed to be suitable for this atem. appropriate for training of students. For thesasons,
students from the University of Hradec Kralove ghd University of Opole in the frame of their acanie
exchange and professional internships are acquiinitth the technological principles of biogas ptand in
environmental mathematical and statistical modgllof the spread of emissions from large industantl
agricultural sources. In this article we presenthoés for education on these professional areas.
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Introduction

The first documented experiments using biogas imojps were carried out by
Leonardo da Vinci and Van Helmont who used biogageanerate light. English physicist
Faraday also experimented with biogas. Italian joistsA. Volta is considered to be the
discoverer of controlled anaerobic fermentationrapeg laboratory anaerobic digester for
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biogas combustion in 1776. Use of biogas from weater treatment plants for water
heating was mentioned in a hospital in Bombay 8718

In 1922, the wastewater treatment plant in Esskgedly handed biogas into town
gasworks. Adjusted biogas as a fuel began to blieeg in 1937 in Germany, Italy and
France. Efforts to use biogas in Europe ceasedthtlonset of the development of the oil
industry. In China, India and other developing ddes, several million very simple family
of agricultural biogas plants are operating that bi®gas from organic waste are faeces for
lighting and heating. In Germany operates more tBa00 biogas plants, especially of
municipal types. In Sweden, biogas is also usqibteer vehicles the first train in the world
powered by biogas was opened there. In Denmariggab plants consist of a centralized
system with the collection of bioorganic waste [2].

Anaerobic methane fermentation of organic substnkeown as methanisation, is
a set of processes in which the mixed culture aragrganisms gradually, without access
of air, decomposes the biodegradable organic maktes is a set of several individual,
successive processes which involve several basiapgrof anaerobic microorganisms.
Product of a single group of microorganisms becomesubstrate of the downstream.
Therefore, a loss of one group may cause distudzirmcthe whole system. According to
the current concept, the process is realised i fohases, hydrolysis, acidogenesis,
acetogenesis and methanogenesis. Hydrolysis ifirthestep of degradation of polymeric
compounds (polysaccharides, proteins and fats)agicbmonomer components by using
extracellular enzymes facultatively anaerobic h@até\cidogenesis followse phase of the
organic acids formation, in which the monomerstef same bacteria action change into
lower fatty acids (short chains), alcohols, hydimogad carbon dioxide. During the last
phase, called methanogenesis, methane and carbxidediare formed from acetic acid by
the reaction with obligate anaerobic microorganif3hs

Methane arises from the anaerobic fermentationh&n arrow range of pH being
6.5-8.5 (with the optimum at pH 7-8). For agriceétlusubstrates, especially cattle slurry is
responsible for buffering properties. Under theseditions, pH is no more representative
parameter of the fermented material.

The retention time of the substrate indicates ihe tof substrate staying in the
fermenter. It must be chosen so that no greateuatmuf methanogenic microorganisms
would be removed from the reactor with the outpaterial compared with that grown in
the same period or that delivered in a new sulesfdt

Economically, the most suitable residence timeesgonds to 75% removal of organic
compounds. Considerably higher dose of substrateriakis required at a shorter residence
time in the reactor (30-40 days) in comparison witlong one (60-70 days) with the aim to
achieve the same efficiency [5].

The so-called biology status indicators charactedpurse of sub-processes or the
entire courses of anaerobic fermentation. For exangoenzyme Jocan be monitored in
the liquid phase. It is a unique coenzyme occurdnly in methanogenic microorganisms,
which participates in the reduction of €@ CH,. Coenzyme ko exhibits strong
fluorescence at the excitation wavelength of 420 k@thodology has been developed for
fluorescence determination of coenzymg,Hn anaerobic sludge and in agricultural
substrates. Interpretation of these results is easty, because coenzyme,Fproduce
fluorescence only in the reduced form and its auntearies according to the type of
microorganism. Relative concentration changes a$ ttoenzyme during monitoring
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a certain type of anaerobic biomass are very closeinnected to the activity of
methanogens and the process conditions and theygluable pieces of information [6].

Methane is under normal conditions gaseous subsstslightly lighter than air, so its
transport in the atmosphere can be basically utdiniSince it is almost insoluble in water,
it is not substantially removed from the air evgrrdinfall (global exposure).

The ability of the methane molecules to absorbaifd radiation escaping from the
Earth's surface (the greenhouse effect), is estinit be ca 23 times stronger than that of
carbon dioxide. However, it has a relatively shpetrsistence in the atmosphere, about
12 years. It has been demonstrated that methaneolved in degradation of stratospheric
ozone. Therefore, there is not only an effort tmidvmethane free escape into the
atmosphere, however, there is a strong tendencyiltse it effectively and in a targeted
manner [7].

The biogas plant is a technological device whiattpsses biomass (waste materials of
organic origin) through fermentation controlled arabic digestion in reactors called
fermenters. The term anaerobic digestion is ininghsused in the technology of biogas
plants. Controlled anaerobic digestion is environtakly promising way of using biomass,
organic waste and energy crops, respectively.

The product of anaerobic digestion is called daestwhich is the solid residue after
fester, called fugat, liquid residue after digestiand biogas, used for energy formation
purposes. Digestate can serve as a good fertikfzeyat, having character of waste water, is
usually discharged into the sewage.

Controlled anaerobic digestion process requires phavision of appropriate life
conditions for microorganisms. The basic premisariaerobic environment (without air)
with sufficient humidity (at least 50%), pH optimyi@.5 to 7.5) and a constant temperature
(usually 38°C).

The optimum temperature for anaerobic digesticassociated with different strains of
bacteria. Mezophilic area (about 37°C), which issmoften used for the lower energy
consumption and thermophilic one (about 55°C) pesrrai relatively large streamlining
processes, but is considerably more energy demgndin

Conditions for success of anaerobic digestion sbmsiprevention of inhibitors access
(oxygen, low pH, bactericidal drugs, heavy metals).

Biomass is heated to operating temperature in aerabic reactor, called fermentor
or in an anaerobic digester where it remains fixead time called retention time.

Biogas constitutes mixture of gases (CHb-75% carbon dioxide GO25-55%,
H,0 2-7% water (40°C) sulfane,8 < 3 % N < 5% oxygen @< 3% hydrogen ki< 1%).

H,S is an undesirable component of biogas (suppdiebsogas gensets usually tolerate
sulphur content up to 500 mg$t m3). Biogas can easily be desulphurised by the direct
microaerophilically controlled air supply oxidatian the reactor or in a gas holder. Its
calorific value is in the interval from 18 to 26 MJ, depending on the methane content.
(100% CH has a calorific value of 35.8 MJinbiogas 55% Cldis 19.7 MJ/m, natural gas
has 33.5 MJ/ff). The explosive concentrations in air are 5-15%.

The produced biogas is conducted into a tank afustd for further use. It can be
directly burned in the boiler when the resultingthean be used for heating buildings, hot
water production, etc. [3].

Cogeneration is referred to a combined productibheat and electrical energy. The
facilities where the combined production of head &tectricity are carried out are called
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cogeneration units (biomotors). Electrical eneralyout 35%) is produced by spinning the
electric generator by means of a combustion engihe. heat released in the combustion
engine is effectively retrieved from the engine lewp system, oil and fumes with 90%
efficiency.

Industrial biogas plants elaborate risk inputs hie digesters, for example abattoir
waste, sludge from various operatioag,wastewater treatment plants, etc. Great demands
are placed on hygiene rules. Contravention of teldwical processes results in formation
of inadequate odour from waste around industriajas plants [2, 4].

Agricultural biogas plants are conceptually simplean other biogas plants. Their
input consists of farmyard products (slurry, mahued energy crops such as corn. Their
plant construction takes place directly in the pgsem of agricultural farms.

Biogas plant Agrodruzstvo Lhota

Agricultural biogas plant Agrodruzstvo Lhota podtany near from Hradec Kralove
was built in 2010. One of the goals of the projeas to solve the waste materials that could
be the source of groundwater contamination. Thelavhecea is, in terms of groundwater
protection, classified as endangered. In additiodeliberately cultivated crops (corn, rye,
grass, alfalfa) and beet pulp, as waste from thed faindustry is processed and
environmentally problematic manure from cows (Big.

The total installed electric capacity of the BP%eaw600 kW and 608 kW of heat.
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Fig. 1. Agricultural Biogas plant Agrodruzstvo Lagtod Libcany, fermenter two-type “ring ring”

In Figure 2 a cogeneration unit for this statiorsi®wn. The heat from October to
April is consumed mainly for heating the entirezae;d from May to December the biggest
consumer of heat is belt drier of agricultural @op
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Fig. 2. Agricultural Biogas Cogeneration unit Agfitiral Biogas plant Agrodruzstvo Lhota pod
Libcany

T

Managing system of a modern biogas station containsentral programmable
controller with remote input-output modules on thes. It enables efficient and economical
management of the biogas plant, in order to achieseimum utilization of input materials
(silage, haylage, manure) and ensured smooth peaifare. Technological switchboards are
usually located close to the technology in an esitamin front of fermenters.

A touchscreen panel for local control is placedome of the switchgears. Required
feedstock is metered by a metering screw appaeatdst is pumped into the fermentation
tank using a screw pump. This device is controligdrequency converters and connected
to the system. The diluted material is stirrechie fermentation tank with the aim to achieve
a greater homogeneity.

The tank is simultaneously heated, the heat beikgnt form the cogeneration unit.
If it is a two-stage anaerobic process, it contaimgalled primary and secondary digesters.
Biogas from all fermenters is collected in a cdntteag. The produced biogas
is subsequently compressed, dried and burned dg@neration unit.

Functions of the management machine allow autontisipensing of raw materials.
Blockage and correct opening scuff guards for thesportation of raw materials and direct
traffic between raw fermenters are checked andralbed. It checks the correctness of open
scuff in the pipeline. It automatically ventilatée pipe from a developed gas and manages
the process of mixing in fermenters depending endinsity of raw materials. It monitors
the start-up of mixers, so that overloading the gosupply would not exist. It controls the
collection, storage and processing of biogas. hpetely monitors the technological
process of biogas stations, and monitors the dperdtstatus of the cogeneration unit and
controls auxiliary operations (ventilation, circtibe pumps, heating of fermenters and
objects). It sends a warning SMS and email mesdagbe operator in case of a failure and
limit states.
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Function of operator station allows a complete nwirig of system. It records and
graphically displays important operational data albbws one to preview the state
of technology biogas plant through a web interfathe second operator workstation
consists of a touch panel.

Pressure measurement - it is based mostly on diveasurement of the pressure in the
various circuits of technology and it serves asaeqgtion of the pumps. Used sensors have
flush diaphragm for measurement of liquids withhig@igviscosity.

Temperature measurement - direct temperature nmexasut is performed inside the
anaerobic digesters and in the room of cogeneratitso the temperature of the cavity
pumps is monitored in order not to damage them. RM&mometers are used with
integrated converter without display.

Level measurement - the measurements are usedetct ¢evels in sumps. Limit types
or continuous types are used, vibrating level switith contact output being used for limit
ones. Continuous level measurement (contactlesshdsen in cases where the measured
medium could clog the measuring sensor or where lIdsation would be
installation-complex. Radar and ultrasonic senacesused for these measurements.

Flow measurement - added liquid component are meddieing used for optimization
of biology process in the anaerobic digesters. M&gn flowmeter is proposed
as a measuring sensor.

It is necessary to ensure optimal pH (6.5 to 70B)optimal fermentation process with
the aim to achieve maximum yield. Continuous reigulaf pH converter can reliably drive
dosing pumps so that the optimal pH would be agdeWwo-channel version of the two
controllers for the simultaneous control of twonfienters may be advantageously used for
these applications. The transducer for measuringspeétjuipped with external calibration
mode simplifying calibration procedure.

Biogas analyser BC 20 BIOGEST UK installed at thgriéultural Biogas plant Lhota
pod Libcany (Fig. 3) are in continuous operationd aecords the actual values. Principle
sensory measurement of methane and carbon diotiltdesia thermal conductivity sensor
which determines the mixing ratio of both gaseseba®n their different thermal
conductivity.

Other gases are measured using an electrochemigeipte. The analyser is designed
so that it has two inputs, one for continuous &sialgnd another for periodic measurements.

Continuously concentrations of methane, carbonide®and oxygen are determined.
Periodically are determined sulfane, hydrogen amdban monoxide. Methane gas
concentration, carbon dioxide and oxygen instamasevalues are recalculated from
measured values from biogas. The processed vatagsamsported to a data interface and
also to a data logger archiving measured and releddcl data.

Biogas analyser stations of a new generation tilgioperate on the principle of Infra
Gas Filter Correlation IR GFQ\chs = 4.66 um. For example, biogas analyser AIR LF
produced by ASEKO allows the measurement of theeatnation of six components of
biogas, infrared methods of measurement is use@lfarand CQ, and the electrochemical
measurement for OH,S, H, and NH.

Monitoring system of the biogas plant Lhota poddaby records and graphically
displays important operational data and allows susersearch on the state of technology
biogas plant through a web interface.
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In Figure 4 an example of a function of monitorigtgtion is shown. The system
monitors the course of the technological process iarsends warning SMS and e-mail
messages to the operator in case of a failureianidstates.

Fig. 3. Inside view of biogas analyser BC 20 fy BIEST UK. Agricultural Biogas plant Agrodruzstvo

Lhota pod Libcany

Fig. 4. An example of functions of monitoring statiinstalled at the Agricultural Biogas plant Lhota
pod Libcany
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Even a short-term exposure of human beings to bagitentrations of methane can
lead to suffocation due to lack of oxygen. Riskoagsed with the occurrence and use of
methane is in its explosion being mixed with ail&%).

Security systems in biogas plants are arrangedepnlg/-step principles. Security keys
are located on the compartment door and risky platdechnology. Total stop button is
located in the cogeneration building and switch#stree entire operation of the biogas
plants from supply and backup supply. Detectorsnmathane concentration are also
introduced into the system that switch ventilationd alert the operator at the first level of
methane concentration. At the second level of nmetltmncentration, they stop all activities
in biogas plant in such a way so that they exclallsources of initialization of methane
explosion. Emergency stop button located in theenegation building disconnects all
equipment including cogeneration unit, but the nsaipply remains unchanged.

Buttons located on the technological switchboandd those in hazardous locations
disconnect only technological equipment, cogenenatinit is capable of normal operation.
Equipment designed for milling of raw material (raeators) are equipped with safety limit
switches which block the run when the device isope

Each larger biogas plant should be able to usesarve energy source - a diesel
generator. In the case of a prolonged power stagpagportant facilities are started in
a controlled manner so that not to interrupt biadah processes and to be able to
re-establish standard operation procedure.

The cost of building a biogas plant is about 4G@million Czech Crowns (CZK).
Farmers can draw on them subsidies, they can raadio 40% of the price to build the
station. Payback period is from 10 to 12 years.

Odour dispersion modelling

The experience from the Czech Republic has showan tiiere are considerable
problems with a proper location of newly designegtiailtural biogas plants in the
landscape. We introduced the possibility of usettdf SYMOS'97 dispersion model
(version 2013) adapted for odour dispersion mautgli

It is well known and documented in the literatunattthe odour subjective perception
by humans is proportional to the instantaneous peakentration of the odorant rather than
to mean values. Because the SYMOS model [8], silyites other dispersion models of this
class, is set for calculation of hourly mean comegions, the basic procedure how to
modify these for odour concentration consistedecatculation of hourly means reached in
particular hours into corresponding peak valuesciwhnight occur during these hours.
Widely used peak-to-mean ratio (P/M ratio) approlaas been selected as suitable solution
of this task and incorporated into model [9].

General basic equation for calculating the conegioin of pollutant gases exhaled
from stationary sources in the hilly terrain assugra Gaussian distribution concentration in
siding has the form:
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where:c - concentration of emissiolV), - mass flow of the pollutant per unit time fromeon
surface elemeny/s - volume flow of emissiong,, Ky, - option fallout.

Five hydrometeorological stability classes by Czaakional stability scheme applied
within the model [9].

Czech reference model SYMOS'97, adapted for oddspedsion modelling [10]
works with the relationship:

log =K (Cod)n (2)
where:l - odour intensityC,q - modelled odour concentratidk,n - constants for a stink

odour
for odor dispersion from agricultural sources [M@frks with the relationship:

log = :I--(-)chod)o'464 (3

Odour subjective perception by humans proportiottalthe instantaneous peak
concentration of the odorant rather than to mednega SYMOS'97 model, similarly like
other dispersion models of this class, is set &cudation of hourly mean concentrations.
The basic procedure how to modify the SYMOS for wdaoncentration comprises
recalculation of hourly means reached in partichlanrs into corresponding peak values
which might occur during these hours. Widely usepaak-to-mean ratio (P/M ratio) [11].

Conclusions

The Czech-Polish border area is mainly flat woodedreation region. For these
reasons [1], the Gaussian model of odour disperfs@n agricultural sources is supposed
to be suitable for this area. It is appropriatetfaining students. This work continues with
the participation of students from the Universify@pole and the University of Hradec
Kralove in the frame of their academic exchange parudessional internships in EMPLA
AG Hradec Kralove CZ and in IDEA-ENVI Valasske Meéci CZ.
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Abstrakt: Gtdwnym celem wskazanym w ,Wytycznych dla rozwojedazowni rolniczych w Polsce w latach
2010-2020" jest budowa biogazowni rolniczych przatmjcych zasoby biomasy w odpowiednich dla gminy
warunkach. W Czechach produkuje¢ sbkoto 6,5% energii zezrodet odnawialnych. Biogazownie,
w przeciwigistwie do elektrowni stonecznych i wiatrowych, pracstabilnie przez caly rok. Biomasa powinna
by¢ kluczowym zrodtem realizacji zobowzan czeskich wobec UE, w ramach ktorych pegyjprodukeg 13%
energii zezrodet odnawialnych w 2020 roku. Dotychczasowéwdadczenia z dziatagymi 317 biogazowniami
rolniczymi wykazaly, ze istniej powane problemy z wiciwym ulokowaniem nowo zaprojektowanych
biogazowni. Czesko-polskie tereny przygraniczneptpede wszystkim ptaski, zalesiony obszar rekrescyj
Dlatego te¢ program SYMOS'97 (wersja 2013), dostosowany do efaslania dyspersji zapachu zzgah zrédta
rolniczych, jest odpowiedni do oceny wplywu biogambna tym obszarze. Uzasadnione jest szkolenestidw

w zakresie obstugi tego programu. Z tego powoddestai z Uniwersytetu w Hradec Kralove i z Uniweetyt
Opolskiego, w ramach wymiany akademickiej izgtazawodowych, zapozngjsic z zasadami dziatania
i technologiami stosowanymi w biogazowni oraz p¢zn&rodowiska matematycznego i statystycznego
modelowania rozprzestrzeniania¢ semisji z duych zrédet przemystowych i rolniczych. W artykule
zaprezentowano propozydjesci ksztatcenia w tej dziedzinie zawodowe;j.

Stowa kluczowe:biogaz, odér, SYMOS'97



