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Abstract. The paper presents solution of organic waste Bane-breeding treatment - the anaerobic digestiah

biogas production.

The paper presents the findings of experimentastigation of biogas production using pig manure slaughter-
house wastes were mixed at 95 % : 5 %, 90 % : HhEB5 % : 15 % in volume. The paper analyses thetiative
and qualitative composition of biogas: gas contrg,concentrations of methane and oxygen.

The highest total biogas output (0.097 fnom 0.003 M substrate) was from the mixture of pig manure slgugh-
terhouse waste at ratio of 19:1. The mixtures gf panure and slaughterhouse wastes at ratio 9:1 adpost-
poned the digestion process in bioreactor. The exunation of methane was reached 60 % after 3 wieks the
beginning the experiment. The highest total amadivaluable biogas (C#60 %), which is useful for combustion
and energy production — reached from the mixtuté higher portion of slaughterhouse waste — 0.075Time anal-
ysis amount of produced gas and methane concemtriatigas shows that the biogas produced from gigure and
slaughterhouse waste mixed at the ratio of 9:hesnost efficient for use in energy production.

Keywords: biogas, anaerobic digestion, pig manure, slaupbtese waste, bioreactor.

1. Introduction

The large amount of organic waste generated ihithe
thuania is one of the biggest problems today. Eectives
and National strategy regulates and promotes vudiite-
tion, but difficult economical situation slows ttievelopment
(Kvasauskas 2009; Kvasauskas and 8dfs 2009).

Swine-breeding is a traditional Lithuanian agriargt
activity and pork production is one of the main ertp, but
its rapid development has affected the environmespe-
cially worst treatment of swine manure, which ledds
serious problems: pollution of surface and grouradew
pathogens hazardous to human health and wildligerg
house gases emission (methane) and bad odourn@yrre
swine farm waste is topical problem, which causet n
only by environmentalists but also by local comntiesi
which protests against the piggery activity.

Many nations count on coal, oil and natural gasufo
ply most of their energy needs, but reliance osilfdgels
presents a big problem. Fossil fuels are a firgsource.
Eventually, the world will run out of fossil fuelsy it will
become too expensive to retrieve those that rerfraissil
fuels also cause air, water and soil pollution, praHuce
greenhouse gases that contribute to global warrf@ig
tinger 2005).

An alternative is creating renewable energy fromstea
products through anaerobic digestion results in erans
advantages, including capturing and utilizing methaa
greenhouse gas 21 times more powerful than catibziué,
decreasing organic loading on receiving waters,cagation
of a high-nutrient, low-solid fertilizer (Huttunest al 2005;
Kvasauskas 2009; Lansisgal 2008).

Anaerobic digestion is a microbially mediated bio-
chemical degradation of complex organic materi@ 8im-
ple organics and dissolved nutrients. Digesterphysical
structures that facilitate anaerobic digestion twiding an
anaerobic environment for the organisms respondiile
digestion (Kvasauskas 2009; Lans&t@l 2008).

The anaerobic digestion — of various organic feeds-
tocks, predominantly animal manures and municipal
wastewater sludge, produce a methane rich gasebds m
ture called biogas. Biogas generally contains betwe
40% and 70% methane (@Hwith the balance of the gas
consisting of carbon dioxide (GPand hydrogen sul-
phide (HS). Owing to the high levels of methane, biogas
can be used as a heating fuel, and can even barused
engine to generate electricity (gen-set) (Montedtoal
2011; Whiteet al 2011).

Large biogas systems are already widely employed in
Europe and are gaining traction in North Americaf b
small scale digesters are under construction. Gilyre
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small scale digesters are concentrated in devejammon- 4
tries, with over 5 million household digesters ¢anged N
in China and India alone. Digesters built arourel world
vary in their design complexity, construction matist and 5 i
costs (Cuéllaet al 2008; Lansingt al 2010). Y

Traditionally, anaerobic digestion was a single-sub 7
1 6

strate, single purpose treatment. Recently, it b@sn \LF -
realized that anaerobic digestion as such becanme mc 2\” L T
a8

stable when the variety of substrates applied atstdime

8
time is increased. The most common situation isnadae g 9
major amount of a main basic substrate (e.g. mansire
mixed and digested together with minor amounts of =10
single, or a variety of additional substrate (Bra00?2).
The effectiveness of the digestion strongly depends  Fig 1. The system of laboratory bioreactor: 1 — bioremcto

on temperature - an increase of temperature irbite 2 - holder, 3 — water tank, 4 — shifting gas carggi5 —

reactor increases the gas output over the same &inte stable gas container, 6 — ballast, 7 — water @Brkyalve,

qualitative gas output — higher content of methaviéch 9 — thermometer, 10 — heating element, 11 — gayzeTa

depends on composition of mixture (Béaftas et al . .

2005; Kvasauskas 2009). The_ formula, which was used for assessing the pro-
The experiment aimed at analyzing the use of smaffuced biogas:

scale bioreactor in biogas production using medigphi 5

temperature regime for different of pig manure and Q:”'Ijl , (@)}

slaughterhouse waste mixture proportion. 4

2 Methods whereQ — amount of produced biogas’;nd - diameter

of biogas tank mh — height of tank shifting, m. After the
The research was carried out in laboratory condi@ssessment of biogas amount, the gas tank is degnec

tions. The qualitative and quantitative analysisbinfgas ~With the gas flow analyzer and the content of bsoga
involves the use of a substrate (organic waste)ftgrent ~measured. o
composition in mesophilic temperature regime. Te re Measurements of methane, carbon dioxide and oxy-
cover biogas, piggery and slaughterhouse organitewa 9en were monitored by gas analyzer.
of different compositions were mixed at ratio 19911, ] ]
17:3 and used for charging the bioreactor. Thesdskof 3. Resultsand discussion
organic waste were chosen because their amounts in

Lithuania are rather large and previous investimati Main environmental factors which are affecting an-
show that it provides highest biogas productionltfBa  @erobic digestion are temperature and pH. Two risti
naset al.2004; Kvasauskas 2009). temperature ranges for anaerobic digestion haven bee

The anaerobic digestion processes are carriechout Noted. The optimum digestion occurs at 30-35 °Csgme
the small scale bioreactors, which are construétech ~ Philic range) and 55 °C (thermophilic range). Masit
the closed plastic container with volume of 5 Lyihich ~ Cro-organisms grow best under neutral pH conditions
anaerobic conditions are created. Mesophilic teatpee ~ (PH=7.0) (Spinosat al. 1985). The investigations were
regime is maintained by water tank. The bioreactses Made under above described conditions. _
submersed in water tank, where water temperature is 1Nhe experiment continued for 54 days, during June
maintained at 30 °C. The volume of container igdilup ~ @nd August of 2010. The mesophilic temperaturemegi
to 3 L (60 %) and the remaining space is resereegds Was maintained with heating element. Measurements
to collect. The bioreactors are connected with #togon-  Started from the '8 day of the experiment, when the first
tainers by elastic bowel. Biogas container is auosed ~amount of biogas was produced. _ _
from two plastic pipes: one is stable constructiérzon- The different composition of waste provides large d
tainer (diameter of 110 mm), which is immersedtie t 9gestion possibilities, in this case co-digestioedusCo-
water to prevent the gas leakage, and anothereinaitk- ~ digestion can provide better digestion performaacel
er (diameter of 90 mm), which shifts up when filleg ~ higher biogas yields. Waste with poor fluid dynasniag-
biogas (Fig. 1). gregating wastes, p{:\rtlcullate mgterlgl_s, floatirastes or

The investigation consists of three bioreactorsmaterials with high disturbing or inhibiting compents can
which were charged using piggery and slaughterhou utilized more effectively as co-substrates weaigest

waste of different compositions: 1) 19:1, 2) 9:113:3. With well performing sewage sludge or liquid manure

- o - (Braun 2002).
gssusbat;it%é%rg?égmg 10 % of dry substance ofdtal The gas emission increased till thethlcﬁay of the

Every day the amount of biogas and the content xperiment, decreased from"™Lantil the 19' day of the

methane and oxygen in the biogas were measured experiment and after #Xay of experiment gas emission
' rapidly increased (Fig. 2).
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Fig 2. Amount of gas produced during anaerobic digestiopig manure and slaughterhouse waste
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Fig 3. Concentration of methane in produced biogas dwuaimagrobic digestion of pig manure and slaughteshoaste

The highest total biogas production — 0.097(tm? —  rapidly declined, reaching 0.8 L/d on day'1Zlthough later
323 I) — was achieved using the mixture of pig marand gas output rapidly increased until it reached 2@ dn 3§
slaughterhouse waste at ratio of 19:1, amount @940nf  day of experiment and later the amount of biogasedsed
(1n — 313 l)was achieved using the mixture at ratio of 9:1with time.
and lowest biogas amount — 0.093 @n? — 303 ) — from Second bioreactor charged with mixture of pig manur
mixture at ratio of 17:3. It is substantiated bgughterhouse and slaughterhouse waste at ratio of 9:1 prod@sstEmount
waste composition, which mostly consists of prateimd  of biogas than the first bioreactor — 0.09% Whe amount of
hydrocarbons. gas evolved was 0.4 L/d and the later processheasaime as

Researches in the anaerobic co-digestion repdrted t described above: the amount of the produced gesaied till
one of the main predictions of anaerobic processiistrate 11" day of the experiment and the gas output totakéd /8.
CIN ratio in the reactor (Desgti.al. 1994). Then the amount of gas decreased till 0.8 L/d $hdk§ of

During biological degradation of pig manure andghe.  the experiment. From f%ay of experiment the amount of
terhouse (the ratio of 19:1) the amount of gasvedolvas 0.5 produced biogas rapidly increased till"4fay when reached
L/d and it gradually increased until thé"iday of the experi- maximum output — 3 L/d, and was constant for a varek
ment, when the gas output totaled 1.5 L/d. Thegdiseoutput  then rapidly decreased.
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Oxygen (02)
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Fig 4. Concentration of oxygen in produced biogas duangerobic digestion of pig manure and slaughtedhozste

Third bioreactor charged with mixture of pig manurereactors Nr.2 and Nr.3 — 0.075° mvhere was digesting
and slaughterhouse waste at ratio of 17:3 proddiiced mixture of pig manure and slaughterhouse wastata r
lowest amount of biogas — 0.091°.nThe tendency of 9:1 and 17:3. The lower amount of total valuableghis
biogas production was similar to the previous kacters. produced in bioreactor Nr.1 with substrate mixtate
At the beginning of the experiment the amount o garatio 19:1.Another important measurement of produce
evolved was 0.4 L/d and it increased till 1.2 Lid 38"  biogas is concentration of oxygen JOwhich identify
day, later it decreased till 0.7 L/d on"28ay. From 29  anaerobic process (Fig. 4).
day of the experiment the amount of produced biogas Throughout the experiment the concentration of
increased till 42 day and reached maximum output — 3.1oxygen in produced biogas was decreasing from 7at %
L/d which was almost constant for a week and tlam r the beginning to 0.1 % at the end of the experiment
idly decreased. In comparison with the result of investigation made

The tendency of biogas production from differentin anaerobic digestion of swine manure at 17 °Cgd¢a
mixture showed that higher concentration of slaeght et al 2007) and 22 °C (Kvasauskas 2009) cumulative
house waste in bioreactor postpones gas emission fl biogas production was 121 L and 321 L from 1 sub-
and reduces total produced gas amount. strate. The mixture of pig manure and slaughterdous

The intensity of biogas flow was affected by thewaste at 30 °C produced from 303 to 323 L from 3 m
substrate mixing. During the experiment substrhiege  substrate. It means that slaughterhouse waste esduc
not been mixing. In this condition after two weelshe vyield of biogas, but investigations showed, thatinit
experiment gas flow decreased and later increapeith u creases the methane concentration.

the maximum. It is reasoned due to substrate lageri The experiment clearly showed the benefit of co-
when the upper layer of substrate slows down thddg-  digestion. Low degradable slaughterhouse wastebean
radation of the lower layer. handled with the manure and co-digest for biogaslyx-

Mostly important component of biogas is concentration. Co-digestion of both wastes solves waste mena
tion of methane (Ckj, which is essential for biogas use ment and renewable energy production questions.
in energy production. Biogas is useful for comhrsti
when methane concentration is higher than 60-65 %. Conclusions
(White et al.2011).
The concentration of methane from start t§' 4y  1.Throughout the experiment, the highest biogas produ

of the experiment was rapidly grown and latertti# end tion — 0.097 M— was achieved using the mixture of pig
of the experiment despite small fluctuations grdgjua  manure and slaughterhouse waste at ratio of 19:1.
increasing (Fig. 3). 2.0utput of biogas rapidly increased after 3 weeksnfr

At start of the experiment in biogas there was B2-1 the beginning of the experiment and depended on the
% of methane, highest concentration — 73 % of nmetha  composition of the substrate. Higher portion otigla:
reached at the end of experiment. terhouse waste in mixture with pig manure postpones
Production of valuable biogas (@60 %) started  digestion process in the bioreactor.
after 3 weeks from the beginning of the experim@&ihie

highest amount of total valuable biogas produceldidn
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3.Methane concentration in biogas reached 60 % on the
21% day of the experiment and later gradually increasKvasauskas, M. 2000az; gabarit; bioreaktoriaus tyrimai ir
ing till the end of the experiment. kizrimas [Research and design of small scale bioreactor].

4.The highest amount of total valuable biogas {660 Vilnius: Technika ISBN 978-9955-28-426-0. _
%) — 0.075 M reached from the higher portion of Kvasauska;, M.; Baﬁnas, P. ZO(tJ)Si Rfesear_(ltr; ot;;t;naeroblcally
slaughterhouse waste in the substrate. treated organic waste suitability for soil fertéltion. Jour-
i nal of Environmental Engineering and Landscape Man-
5.The analysis amount of produced gas and methane con  agement17(4): 205-211.

cgntration in gas shows that the biogas .prOdum fr Lansing, S.; Botero Botero, R.; Martin, J. F. 200&ste treat-
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of 9:1 is the most efficient for use in energy proiibn. ers.Journal of Bioresource Technologd9: 5881-5890.
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