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OAokAnpwpeévn Slaxeiplon amoPANTWY AOTIKWY, BLOUNXOVLKWY, OYPOTORLOUNXOAVIKWY, {WLKWV UTIOTIPOIOVTWY,
AULATWVY KOLL TTTNVO-KTNVOTPOPLKWY SpOoTNPLOTHTWY YL TNV AVAKTNOoN UALKWY Kol eVEpyeLag: YAomoinon
oxeblwv amno ¢popeic kaL emevOUTEG



NpdAoyog

H Zoundukn S.E.P. Scandinavian Energy Project AB sival etatpeia mou KAAUTITEL Epyal OXETLKA [LE TNV TTAPAYWYN
NAEKTPLKAG Kol OepULKAG €&VEPYELOC, TNV PBLWOLUOTNTO, TNV OLKOVOWUIKN amodoon, TNV TEXVOAOYIKN
OTOTEAECUATLIKOTNTO KOl EKUETAAAEUON OAWV TWV CUPBATIKWY KOL OVAVEWOLUWY TINYWV EVEPYELAG,.

MapdAAnha cuvelodEpeL oTnV MPooTaoia Tou EPLBAAAOVTOG, OTNV UELWOTN EKMTOUTIWY PUTIWY, OTO GXESLAGUO,
oTn owotn AslToupyla KoL ouvtApnon BLOUNXAVIKWY KOl TIETPOXNHUKWY HOVASWY, OE €pya EVEPYELOKNAG
Soxeiplong Bopdlag, OTEPEWV KOL UYPWV  AmOoBAATWV/AMOPPLUUATWY HEYAANG KOl JUKPAC KALpaKoC
BLopnNXaVIKWY EYKOTOOTAOEWY, KATL.

ZYNONTIKH NEPITPA®H THZ ANAEPOBIAZ XQNEYZH2

H avaepofla xwveuon, (Staxeipton twv amofAftwv/amopplpupdtwy pe tn uéBodo tng Brodldonaocng), wg
Slepyaoia pun eviacoopevn otnv Kalon Twv anofAntwyv

H avoepofla XWVeuaon Twv otepewv aotikwy amofAntwy (BAéne Bloamolkodourotpo r/kat Bloamodoun oo
KAdoua Twv anopplppdtwy/anopAntwy) sivatl pla Siepyaocia mou mapouctdlet dlaitepo evdladEpov yla Tt
Slayxeiplon twv amoPAntwv otnv EAAGSa kol Bewpeital pla eupéwg edapupoopévn texvoloyia. Eival pla
Broxnuikn Slepyaocia omou diadopol pikpoopyaviopol kot éviupa amocuvBEtouv Kamola oucia os uypd
niepPaAAov pe tnv anouaoia ouyovou ({0uwon kal xwveuaon). H opyavik UAn SLaomdtol o€ 0aKyopo Tou oTh
OUVEXELA SLAOTIWVTOL KoL ETA O Lo OXETIKA SLadikaoia mopayetal BLOaEPLo, eV TAPAAANAA ATIOUEVEL KOl
KATIOLO UTIOAELUA, N cUCTAON TOU onoiou efaptatal and moAAoUE TaPAYOVTEG.

Ma tnv napaywyn Ploaspiov péow avoepoflag xwveuong Ba mpémel n mpwtn UAN va eival mAolola ot
vypaocia. e avtiBetn mepimtwon, pla teEXVoAoylkn Auon elval n pUBULON TNG USATOTEPLEKTLKOTNTAG TWV
anoPAntwv o 90% touAdyLotov (uypn LpwWaon), n enefepyaoia Twv omolwy EMITUYXAVETAL O LKTO BLOAOYIKO
oVTISPaCTAPO TIOU XPNOLUOTIOLEITOL KAl yla Uypd amOPAnta. TNV TMepiMTtwon mou To BLoamnolkoSounotuo
KAGOHQ TWV OmoppLUpatwy/amofANTwy sival amapaitnto va oavakateutel pe kamoia GAAn Blopdla pe
avtioTol o XOpOKTNPLOTIKA, N eneepyaocia toug AapPavel xwpa os Bloavidpaotrpa otabeprg KAlvng omou
KoL amtaLteital mpooBnkn vepou mepLekTikotnTag 50-70%.

To péyebog Twv BLoavtidpaotrpwy UIMopouV va Kupaivovtal amno éva KUBLKO HETPO yla £Va VOLKOKUPLO, MEXPL
KOLL OPLOPEVEG XIALASEG KUPBLKA PETPQ, VLA LEYAAEG eyKATAOTAOELG. EMiong ol Bloaviidpaotrpeg XWVEUGNG TOU
BLoamolkoSopRoLHoU KAAOUATOC TwY amoppLUpatwy/anopARtwy AettoupyoUlv uro tn popdr Stadelmovtog n
ouvexoug €pyou. H Stadtkacio tng xwveuong StopKel amod PepIKEC HEPEC UEXPL LEPLKEC EBSoUAdEC.

MNa tnv €€€AEn tou doatvopévou NG avaespoflag xwveuong amalteitol n mpdcdoon BepudTnToC Kol n
Slatrpnon otabeprc Bepuokpaociag. H avagpofla xwveuon tng Plopdlag twv amoPANTwyY Umopel va AdBel
Xwpa o tpeilg Beppokpactakeg {wveg: a./ ™ Yuxpodhn Lwvn 20°C, B./ tn necdddn Lwvn 35°C kat y./ TN
BepuodiAn wvn 55°C. H pdon twv Baktnpiwv mapayel Beppdtnta and povn tng, oAAd yla va dtotnpnbouv
oL Bepuokpaocie¢ cuvnBwg amatteital kat efwteplkn Tapoxn Bepuotntag. Autrh n emumAéov Bepuodtnta
iPpoohEPETaL amo To BLloagplo.

Otav n ywveuon yivetat otn PuxpddiAn {wvn, o XpOVOoG TNS XWVEUONC ival LeyoAUTEPOG altd TN XWVEUOH TIOU
Tipoyuatomnoleitatl os uPnAoTepeg Beppokpaacieg omou kal n anddoon os apaywyn Bloagpiov avéavetal. To
Bloaéplo Tou TOPAYETAL OO £va CUCTNUO AVAEPOBLAG XWVEUCNG TIEPLEXEL TIEPLOU 50% pe 70% pebdavio Kal
Umopel va xpnotpomotnBet yo thv mapaywyn Bepudtntag, NAEKTPIKAG EVEPYELAC O UNXOVEG ECWTEPLKNAC
Kavaong, N ouvduoopoy Kol Twv 800 SLadLKacLWV.



H ouvBeon tou Bloaepiou eivat: MeBavio 50-70 %, Alogeidlo tou avBpaka 30-40 %, Alwto < 1%, Y&poyodvo <
1%, Appwvia <1% kot YopoBelo <1%.

H Stadikaoia ¢ avagpoplag xwveuong Tou BLoamolkoSouroLUoU KAAGUATOC TWV AOTIKWY KoL BLOUNXAVIKWY
otepewVv amoPBANTwv otnv EAAASa, moapéxel tn duvatotnta aflomoinong Tou EVEPYELAKOU TIEPLEXOUEVOU
(Bepdikol) tou PBloaepiou Kkal pmopei va cuvelodpépel, mapdAnAa Ue olkovoula KALpAKAG, TNV GUVOALKN
amokoutdry kot emnefepyaocio GAWY AUVUATWY, TIPOEPYXOUEVA amtd EYKATAOTACELC BloAoykoU Kaboplopol
vbatwv, ka. To PBloagplo, TOU €ilval MO AVAVWOLUN TINYA EVEPYELAG, TAPAYETAL, EKTOC OO TO
BLoaTIOlKOSOUAOLUO KAGOUA TWV ATOPPLUUATWY/OmOBAATWY Kl amo thv aflomoinon Twv KTNVoTpodIKwy
amoBARTwv (AUpata armo xolpootdcta, fouctdota) Kol AAAWV BLopnXavikwy amoBARTwWVY.

H edappoyn t¢ Blodidonaong Unopel va amoteA€oeL P eVOAAAKTLKY AUCN oTo TPOBANUa Tng dlaxeipong
TWV QOTIKWV Kol PBlopnyavikwv amofAntwv otnv EAAGSa. ZUpdwva pe €peuveg umoloyiletal ot 1 m3
Bloaepiou mapexel 6 kW nAektpikng Bloloxvoc. Edapudlovtag cupmapaywyn Beppotntag Kot NAEKTPLOUOU, N
OLKOVOULKH amoddoon pLog eykatdotaong, Pacl{Opevn OTO YEYOVOG OTL N T TNG MPwTNg UANG elvat
OVTOYWVLOTIK HME auTr Tou ¢uolkol aepiou, mpoodépel adlapdlofitnta TAUELAKA Kol TEPLBAAAOVTLKA
odEAN.
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Figure 1. Zoundiké auoTnua avagpdBiag xwWveuans opyavikwy ammofARTwy yia 1n mapaywyr) Bioagpiou.

H €€€ALEN Twv TeEXVOAOYLWYV Slaxeiplong oTePewV Kauoipwy €xel pBaoeL oe £va uPnAd emninedo wpLpoTNTACG KAl
aflomotiag kat yU' autd n evepyelakny aflomoinon kouoipwv (6nA., amopAnta, Avpata, KAT) XOUnAAg
BepULSLKAC TOLOTNTAG AMOTEAEL, OXL HOvoV otnv ZkavSivafia oAAd KAl TIOHYKOOUIWG, pLol EAKUOTLKN pEBobo yia
™V mapaywyn Bloevépyelag.

Elval yeyovoc OtTL ofuepa, n EMEKTOON TNE XPIONG TOU BLOOMOLKOSOUNCLUOU KAAOUATOG TwV amoBAATWY yla
TaPAywyr NAEKTPLOUOU QIO TOL OTEPEA QOTIKA KoL BLOUNXOVIKA QITOPPIMUOTA Ylo EVEPYELOKOUC OKOTOUG
(bUEN, nAektpomapaywyn, Bepudtnta, Blovtnlel, ahkoohouyxa Tpoiovta Omwe olbavoAn, peboavodn, kATm)
umtoSNAwveL ot e€stalovtol OAEC oL SUVOTOTNTEC LETUTPOTINC TWV O TIEPLOCOTEPO EUXPNOTA KAUOLUOL.

Ytn ounbilo kowompaiec HeTOED OLWTIKWYV ETOLPELWV TAPOXNC NAEKTPLKAG €eVEPYELAC KoL TOTLKAG
Autobloiknong, emefepydlovtol A/kal evepyelakd aflomololVv €KATOUHUPLA TOVOUC QOTIKWY armoBAnTwy,



Bropnxavikng AAoTNG, K.A.TU LE OKOTIO TNV €KUETAAAEUCN TNC TAPAYOUEVNC NAEKTPLKAG Kal BgpULKAG LoXVOG
umtoAoylopévn avw omod 11.1 TWh/£tog.

H Swaxeipion twv amoPAATwWV TOU TIAPAYOVTOL QATO OOTIKEG, PLOMNXOVLKEG, OYPOTOBLOUNXAVIKEG Kall
KTNVOTPOPIKEC SpaoTnPLOTNTEG: eAatotpLBeia, Tupokoueia, Bouotdola, povadeg enetepyaciog eonepLdosldwy
KoL AWV GUTIKWVY TTPoiovVTwY KA. elval éva amnod ta kupla npoBAnuata Staxeipiong otn EAAGda. H etatpeia
SEP HELLAS avamtuoel pla oAokAnpwpévn péBodog aflomoinong twv amoBARTWV HE OTOXO TN MEYLOTN
OVAKTNON UALKWV KOl EVEPYELAC, PE TNV ePOpUOYn TNG TEXVOAOYLOC TNG avaePOBLAG XWVELONG. XTOXOG TOU
OUVKEKPLUEVOU €pyou elval va emektabel n texvoloyla tng avaepoflag xwveuong, wote va enefepyaletal
UYPQA KOl oTEPEA aTOPANTA AyPOTOKTNVOTPODIKWY SPOaTNPLOTHTWY Kol UTIOAEiPaTa KaAALlepyelwy. Emtiong va
SokLpaotel n epappoyn Zoundikwv TEXVOAOYLWV YLa TNV OELOTIOLNON TWV EKPOWV WOTE VA YIVETAL AVAKTNON
UALKWV KOl EVEPYELAG LE OTOXO TNV HEeyLoTomolnon tng BLwoloTnTog Twv TeEXVoAoylwy. Ao Tnv enefepyacia
Twv amoPfAntwv mopayetal Broagplo, WAUG Kol uypd emefepyacpévo UALKG. OL MPOTEOpeveG HEBOSOL
aglomoinong elvat oL akoAouBec:

Mapaywyn NAEKTPLKAC KAl BEPULKNC EVEPYELAG ATIO TO BLOAEPLO YLO TNV KAAU PN TWV EVEPYELOKWVY QTTALTHOEWV
™G povadog o BepudTnTa Kal NAEKTPLOUO TIAPEXOVTIAG TAUTOXPOVA CNUOVILKO TAEOVAOUA EVEPYELAC YLO
TMEPALTEPW aLomoinon.

Mapaywyn vepol Kota@AAnAou yla dpdeuon 1 GAAeC edapUOYEG emavoypnoLllonoinong He T Xpnon
MEUBPAVWV.

MNapaywyn edadoPfeAtiwtikol UALKOU yla KAALEPYELEC O TNV MOPAYOUEVN Mepiooela LAUOG yla Xprion o€
OlYPOTLKEC TIEPLOXEC Kol BLOAOYLKEG KAAALEPYELEG.

To OUYKEKPLUEVO €pyo UMOPEL val AELTOUPYNOEL WE £pyo eMidelEng yla tnv edappoyn tng pebodoloyiag otnv
EMada kabwe kal oe GAAeG Ywpeg, dedopévou OTL oL SpaoTNPLOTNTEG QUTEG EVOL AVTUTPOCWIIEUTLKEG TOU
0YPOTOKTNVOTPODLKOU TOUEN OTIC LECOYELOKEG XWPEG Kol €ival kowod Tto mMpoPAnua tng diaxeiplong twv
amoPARTWY amo autég. ETol To £€pyo auto Ba amoteAéosl HOVIEAO PBLWOLUNG ETIXELPNMOTIKAG TEXVIKAG yla
mBavolg emevBUTEC (LBLwTeg, dnuootoug dopeig, ZAIT).

EXTENSIVE PRESENTATION OF THE ANAEROBIC DIGESTION IN ENGLISH

The renewable sources of energy including biogas are the energy sources of the future. The modern
production of biogas follows the example of nature: the methane formation has been going on in the
stomachs of animals for hundreds of years. The production of biogas at an industrial plant is not more than the
realization of the natural biological processes.

Figure 2. Biogas plant using municipal waste.



Historical facts

The production of biogas began more than 2 000 years ago. Old Germans managed to get biogas at their settlements using
the swamps of Elba river as the raw material supplier. They “nourished” the swamps with the skins of dead animals and
biogas was produced. This biogas was then used as an energy source for food preparation.

The first registered biogas plant was built in Bombay, India in 1859. It then became clear that there is an endless amount of
raw material that can be used for biogas production, where the list of organic materials appropriate for biogas production
counts to more than 500 substances.

Biogas is a flammable mixture consisting of methane 50 — 70%, (CH,), 30-40% of the carbon dioxide (CO2) and small
amounts of hydrogen sulphide (H.S), ammonia (N2), hydrogen (Hz), and carbon oxide (CO). Methane is formed from the
organic material as the result of anaerobic and microbiological processes. A high energy content of allows the use of biogas
as an energy source for heat and electricity production. The energy content in biogas is directly dependant on the methane
content.

From 1 m? of methane it is possible to produce 9,94 KW energy. Assume that biogas includes 60% methane which make s it
possible to produce 6 kW electricity from 1 m? biogas. The biological formation of biogas is the natural process which is
going on in humid anaerobic environment where the organic material is degrading with the help of methane forming bacteria,
e.g. in stomachs of animals, compost pits, rice fields, etc.

The raw material for the production of biogas, “The renewable source of energy”, could be such plants as: maize, wheat,
grass and other biological wastes: manure, slaughterhouse rests, silage, sewage drains, fats, residues of food industry,
garden waste, stillage, press cake and technical glycerin.

Table 1. Biogas yields from different organic substances.

Type of organic material Biogas yield
1head of cattle (about 500 kg) 400-500 m* biogas peryear
1ht of maize orfesd beat 8000-12 000 m* biogas
1htof grass 6000-8 000 m*biocgas
1t of manure 250-350 m*hiogas
1t maize silage 180-230 m*hiogas
1t of field grass 80-120m*bicgas

Figure 3. Biogas plant using municipal waste.



BIOLOGIC DEGRADATION OF ORGANIC MATTER.

Anaerobic digestion is a complex biochemical reaction carried out in a number of steps by several types of microorganisms,
where these organisms require little or no oxygen to live. During the process, a gas known as bhiogas is produced principally
composed of methane (CH4) and carbon dioxide (CO2). The amount of gas produced varies with the amount of organic
waste fed to the digester and the temperature is influencing the rate of decomposition as well as gas production.

First step, Hydrolysis:

Complex organic matter is decomposed into simple soluble organic molecules using water to split the chemical bonds
between the substances.

Complex organic material
(proteins, carbohydrztes, fats etc.)

Hydrolysis

Soluble organic compounds
(amino acids, sugars, etc.)

Fermentation

Intermediate products
(fa:tty acics, alcohols, etc))

Anaerobic oxidation

Acetic acid |l aaledo

Me thane productlion

CH, 0
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Figure 4. Anaerobic digestion is a complex biochemical process.

Second step, Fermentation or acidogenesis:

The chemical decomposition of carbohydrates by enzymes, bacteria, yeasts, or moulds in the absence of oxygen.

Third and fourth step, Acetogenesis & Methanogenesis:

The fermentation products are converted into acetate, hydrogen and carbon dioxide by so-called acetogenic bacteria.
Methane (CH.) is formed from acetate and hydrogen/carbon dioxide by methanogenic bacteria.

The acetogenic bacteria grow in close association with the methanogenic bacteria during the fourth stage of the process.
The reason for this is that the conversion of the fermentation products by the acetogens is thermodynamically only possible
if the hydrogen concentration is kept sufficiently low. This requires a close symbiotic relationship between both classes of
bacteria. The anaerobic process only takes place under strict anaerobic conditions (i.e. absence of oxygen and very low
redox potential). It requires specific adapted bio solids and particular process conditions, which differ considerably from
those needed for aerobic treatment.

Normally the methane formation is the limiting stage in anaerobic digestion as the methane forming bacteria have a doubling
time of 1-3 days, while the acid forming bacteria double in only a few hours. Feeding a digester with too much organic matter
will make it impossible for the methane forming bacteria to consume the fatty acids, resulting in a pH-drop which results in
further decrease in methane forming as these bacteria are sensitive to low pH-values. Biogas formed in the fermentation
process is collected and fed to the gas generator where the electric energy and heat are produced. The electricity is usually
supplied to the grid and the heat is used for heating of different facilities such as houses, farms, greenhouses or for the
production process.



Biogas production
Biogas production depends not only on the treated substrate but also on the operating parameters of the plant (temperature
in the digester, retention time, load and so on). That means that different plants may have different capacity with the same

substrate.

Table 2. Biogas production methods
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The advantages of biogas production

The advantages of biogas production in comparison with other ways of organic waste utilization (burial at the landfills).

e Saving on the traditional types of fuel (coal, gas, mazut) for electricity and heat production;

e  Burning 1m? biogas WI|| produce 5-7,5 kW (depending on methane content). The energy content of biogas is on
average 6-6,5 kW/m? or 21,6-23,4 MJ/m>;

e Reduction of CO; emissions to the atmosphere;

e Saving agricultural lands by using crop rotation.

Ecological aspects of biogas production

Figure 5. Anaerobic digestion plant.

The main ecological advantage of the biogas production technology is the greenhouse effect reduction, especially reducing
the emissions of methane (CHy), carbon dioxide (CO5), and nitrogen oxide (N2O) into the atmosphere. The amount of carbon
dioxide emitted during fermentation process is equal to the amount which was absorbed by the plants during the
photosynthesis process. Methane which is a 21 time stronger greenhouse gas than carbon dioxide is used as a fuel and
therefore not emitted to the environment.
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