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Summary. Co-fermentation is an anaerobic processing ofiipalty different biomass mixtures
for purposes of biogas production. Its use beganlyni the last decadd.he mainadvantages of
co-fermentation area possibility to process various kinds of biomassusdng around biogas
plants through the anaerobic digestianpossibility to promote economical efficiency ofchu
facilities, a possibility to increase the biogas productiontm methane volume in the biogas. In
the paper the authors deal with a co-fermentatibmiatures consisting of cattle manure and
various biomass co-substrates, which were usedglariong-term monitoring of the anaerobic
digestion process done within the internationaljgmo AMONCO — Advanced prediction,
monitoring and controlling of anaerobic digestioropesses behaviour towards biogas usage in
fuel cells(project N NNE5-2001-00067)The following co-substrates were consistently used
corn silage, fresh grass, kitchen waste and gikgges On the basis of the obtained results corn
silageseemsto be the most suitable co-substrate: its addinghéomanure almost doubled the
biogas production.
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INTRODUCTION

Co-fermentation is a simultaneous digestion of endgenous mixture of two or
more co-substrates. The most common situation envehmajor amount of a main basic
substrate (e.g. manure or sewage sludge) is mirddd@ested together with a minor
amount of one or more additional co-substrates.ayp@naerobic digestion is better
known and therefore it is easier to control and dlse confidence in the related
technology has increased. Consequently it has be@multi-purpose process serving
at the same time waste upgrading, energy prodydiiagorovement of fertilizer quality
and other purposes.
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Various municipal, agricultural and industriahds of wasteare frequently treated
using anaerobic digestion. Sewage sludge has bagrsted worldwide for many
decades in numerous large and medium sized bi@bgiewage treatment plants.
Compared to sewage sludge, only few digesters eafobind using agricultural by-
products like liquid pig manure, cow manure or &bit manure.

Due to co-fermentation of organicasteand manure from livestock breeding it is
possible to increase the biogas production [André8988, Luthard-Behle 1999,
Weiland& Rieger 2000, Langhans 2001, Braun 2008]Jis very importantin the co-
fermentation process to pay attention to both dtyamind quality of the added co-
substrates to ensure a continuity of the anaerdigestion process. Therefore one
should know the composition of the added co-sutesras well as the necessary
duration of the biomasstaying in adigester to reach an adequate digestion of the
organic materials contained in it and the maxintialaable load of the digester.

OBJECTIVES OF THE EXPERIMENTS

The main goal of the international project AMONCO (feat N° NNE5-2001-
00067) was advanced prediction, monitoring and rodlittg of anaerobic digestion
processes behaviour towards biogas usage in fligl erelation tothis goal there were
carried out experiments with co-fermentation ofnaadi biomass mixed with energy
crops and kitchen waste at the Biogas plant initaoly. These long-term experiments
were done from November 2003 up to November 200dring this periodthe
researchersnonitored composition of input substrate sampdesaposition of substrate
samples taken from the digester and compositioncarahtity of the produced biogas.
The observed parameters aresented in Table 1.

Table 1. Parameters observed during the co-fertientarocess
Measured parameters

COD - chemical oxygen demand
OLR - organic loading rate
Input substrate TS — total solid
SO, — sulphate
Niota — total nitrogen
TS — total solid
VSS — volatile suspended solid
Substrate from DIGESTER NH," — ammonia nitrogen
VFA - volatile fatty acids
t — temperature
pH
CH, — methane
Biogas CO, — carbon dioxide
H,S — hydrogen sulphide
P; — biogas production

Within the experiments the cattle manure was mixéth various kinds of co-
substrates and these consequently were corn sftagh, grass, kitchen waste and grass
silage. An experiment with pure cattle manure sga® a reference one. Duration of the
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particular cycles of the experiments is given it[€a2.

Table 2. Duration of the particular cycles of th@eriments with co-fermentation process

Cycle Used substrate Duration
| 100% vol. cattle manure 21.11.2003 — 08.03.2004
1l 40% vol. cattle manure, 60% vol. corn silage .(B32004 — 23.04.2004
11 60% vol. cattle manure, 40% vol. corn silage 4.M.2004 — 26.05.2004
\Y] 90% vol. cattle manure, 10% vol. fresh grass .0672004 — 19.07.2004
\% 92,3% vol. cattle man., 7,7% vol. kitchen wasfe  04.08.2004 — 20.09.2004
VI 90% vol. cattle manure, 10% vol. grass silage 7.02.2004 — 18.11.2004

MATERIAL AND METHODS

Experimental facility used for the biogas produsctiat the Biogas plant in
Kolinany consists of a homogenization tank, co-mixtuektfor co-fermentation
mixture preparation, digester, biogas holder andage tank of the digested sludge.
A scheme of the experimental biogas productiorlifpés shownin Fig.1.
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Fig. 1. Scheme of the experimental facility fordas production

Cattle manure is fed to the substrate input homiagéon tank, in which it is
adulterated at need and homogenized by means mipealfer mixer. A mixture needed
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for the co-fermentation process is prepared imt homogenization tank, where it is
treated by means of a vertical mixer. Once a degyprepared mixture is overdrawn into
the digester. The digester is a main technologieal of the biogas production facility. It
ensures heating and mixing of the biomass substlateng the whole anaerobic
digestion process. After an addition of the freshssrate daily amount, the same amount
of the decomposed substrate is removed througbwadff, situated in the back part of
the digester, into a storage tank of the decompassiedtrate. The produced biogas is
collected in a gasholder in the upper part of tigester and due tds own excess
pressure it is treaded out through a distributipgline into the gasholder.

RESULTS OF THE EXPERIMENTS WITH CO-FERMENTATION

One of the main characteristics related to the amitipn of the input substrate is a
value of chemical oxygen demand (COD), which iscliy proportional to the total
amount of organic compounds contained in the satestrhich is theoretically possible
to convert into the biogas. From the COD value dhganic loading rate is calculated
according the formula:

-3
OZF:CHSK(k3 xm ) (kg CHSKxm=xh™) @
Ve |m?)x 24
where:

Ve — digester volume, Tn

An influence of the organic loading rate on thegai® production is presented in
Fig. 2—-4, showing the courses of organic loadirtg eand biogas production during the
co-fermentation processes with substrates prepaned the corn silage, kitchen waste
and grass silage added into the cattle manure.sEikaeload of the digester by organic
compounds can lead to an inhibition effect and eteea breakdown of the anaerobic
digestion process.
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Fig. 2. Record of the digester organic load anddsguroduction per day during co-fermentation
of the mixture consisting of cattle manure and age (40:60)
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Fig. 3. Record of the digester organic load anddsquoduction per day during co-fermentation
of the mixture consisting of cattle manure andhett waste
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Fig. 4. Record of the digester organic load anddsguoduction per day during co-fermentation
of the mixture consisting of cattle manure and gsige

All the measured data were processed with the use ofedwidtive statistics and
theaverage values of all the observed parametersrasemed in Tables 3-5.

Sulphate emissions are not a direct threat to thar@ament, but high sulphate
concentrations can cause an imbalance in the haighur cycle. Sulphide production
can present serious operational problems in anaerebactors used for the treatment of
waste waters containing high sulphate concentratidtydrogen sulphide @) in
agueous and gaseous solution causes chemical gmrr@dour, increase of the effluent
COD) and biological (toxicity, inhibition) problemthat can affect the anaerobic
digestion process.

A carbon — nitrogen ratio of about 3D is ideal for the raw material fed into a
biogas plant. A higher ratio will leave carbonlsaVailable after the nitrogen has been
consumed, starving some of the bacteria of thisiefe. These will in turn die, returning
nitrogen to the mixture, but slowing the processo Thuch nitrogen will cause this to be
left over at the end of digestion (which stops witgs carbon has been consumed) and
reduce the quality of the fertiliser produced by Hiogas plant.
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Table 3. Results of the analyses of the input satestramples
Cycle Usedsubstrate COD OLR TS Niotal SO,
mgxI* | kg CODxnixd® | % | mgxrt |
mgx
|-1
I 100 % CM 45508 3.19 4.82 93.1 191.
3
I 40% CM + 60 % CS 532068 3.12 5.29 91.7 60.3
1 60% CM + 40 % CS 54700 2.86 5.98 114p 48.6
v 90% CM + 10 % FG 4775( 1.85 4.92 86.5 41.8
\% 92.3% CM + 7.7 % KW 41769 2.7 3.59 59.6 61.6
Vi 90% CM + 10 % GS 61535 3.77 5.2 1054  66.0
where:
CM - cattle manure
CS - corn silage
FG — fresh grass
KW — kitchen waste
GS — grass silage
Table 4. Resultof the analyses of substrate samples taken frenditiester
Cycl Used substrate TS VSS| VSS | NH, VFA pH t
e % % | % TS| mgxIt | mgxIt | - °C
| 100 % CM - - - 808 - 7.05 375
1] 40% CM + 60% CS 481 3.46 7047 835 1148 7119 886
1 60% CM + 40% CS 4459 3.37 76.54 551 1150 6/92 937
v 90% CM + 10% FG 487 3.46 70.4y7 835 1148 7|19 688
\% 923% CM+7.7% KW | 834 35 43.5R 627 769 7/50 .736
VI 90% CM + 10% GS 754 392 51.87 59§ 1483 7143 737|
Table 5. Results of the biogas samples analysebiagéds daily production
Cycle Used substrate GH CO, H,S Pe
(% vol) | (%vol) | (ppm) | (my3xd?)
| 100 % CM 55.77 39.07 158 4.8
1] 40% CM + 60% CS 55.6 41 53 8.29
1] 60% CM + 40% CS 55.1 44 141 7.126
\Y 90% CM + 10% FG 554 445 81 1.273
\% 92.3% CM + 7.7% KW 59 41 319 2.97
VI 90% CM + 10% GS 56.7 43 338 3.6

An increaseof the pH value caused by an excessive; Nitdduction from proteins
is another important inhibition factor. The WHinhibition factor makes itself felt
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accordingly Andreas 1998] at a volume above 2500 rilgahd the toxicity even at the
values above 12 000 mgxivhile the volume of the free ammorifanot higher than 80
mgxI*. Under certain conditions also volatile fatty acigVFA), which are an
intermediate product of the acidogenous phaseeflipestion, can havehibitory and
toxic impacts.

In the biogas methane is the main energy holderdréBulphide combustion
generates allied substances,S@hich in an interaction with water create sulghatids,
and which have corroding effects on metallic eletsien

Courses of the biogas production in the particulales of the experiments with
co-fermentation are represented in Fig 5.
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Fig. 5. Biogas production time behaviour

As it results from the graph given in Fig. 5, thedas production increased only in
the case of manure — corn silage co-fermentatiorthé other cases a decrease of the
biogas production was registered. The fermentatiothe manure with fresh grass led
almost to a total breakdown of the biogas productiBut after some time the biogas
production started to rise, what means that ataaghover from pure manure
fermentation to co-fermentation necessary adaptgteriod of methanogenic bacteria is
a longer one than the time duration of the pardicexperimental cycles. Therefore to
compare an average biogas production, the Tablere3epts an average biogas
production for the case of pure manure fermentadiaing a period when the anaerobic
digestion process in digester was constant.
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CONCLUSION

The experiment results show that an average methahene in the produced
biogas did not change significantly in the par@culcycles. In the case of co-
fermentation of manure with grass silage or kitcheaste its slight increase can be
observed. A similar experiment with co-fermentat@mmanure with kitchen waste was
done in laboratory conditions at the Institute foiotechnology in Braunschweig
[Weiland& Rieger 2000], who consequently added to the manQre58 and 70% of
waste. In their experiments due to the kitchen gvasidition to the manure the methane
volume was significantly increased by 17%, andraglangation of the substrate stay in
adigester to 65 days even by 50% in comparison thithexperiments with pure manure
fermentation. In our experimentthe kitchen waste addition led to an increasehef t
methane volume in the produced biodas only less than 2%.

A comparison of the average biogas production shihas the best results were
achieved when corn silage was added to the marmuréhé co-fermentation. Adding
40% of corn silage to the manure increased theageebiogas production by 48,5% and
adding 60% of corn silage to the manure resulteshen 72,7% increase of the biogas
production. In the other cases the average biogaduption was decreased: the most
remarkable decrease (by 73,5%) was registered -&roeentation manure with fresh
grass.
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