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APPLICATION OF THE ADDITIVES WHICH INCREASE THE BIO GAS PRODUCTION IN
THE CONTEXT OF IMPROVEMENT OF THE BIOGAS PRODUCTION PROCESS

Summary

This paper presents the review of the latest adgslitiwhich are used for ensiling the substratum usethe biogas
production process. Moreover, the influence ofdbditives' proper usage on the improvement of tistlage productivity
has been valued. What is more, the research shuatghiese kinds of additives are very useful t@leinto practice. It
results not only from leading the fermentation @s& in a way that would increase the biogas outbut,also from
reducing the energy losses caused by the secohdating of the ensilage after opening of the sildss thesis also points

out the opportunity to limit the amount of emplogéditives through improvement of the quality @&itlusage.
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1. Introduction

mycotoxins (secondary metabolites), which also hemtipe
growth of those bacteria which causes the reduaifotne

Renewable energy sources are an important brahch biogas production efficiency [27].

economy considering present financial and legalities
One of the most important sources of renewableggnisr
the biomass. It occupies a significant percentaggldbal
energy production. The methods of its conversidn the
energy used by men are constantly in demand. Orbeof
methods is generation of the electric and thermalgy in
agricultural biogas works. In order to ensure thegas
works with constant material and make them independ
of the seasonal occurrence of the substratum,risitage is
being used to supply them. In European terms, tmsisb
plant used as a substratum for biogas works isendike
maize is harvested by the use of collecting chaffec.
Then the chaff is brought to the storage placesfanded
into silos [3, 4].

2. Results of the preservatives

Lactic fermentation, which is produced by lacticida
bacteria, is a common method of preservation ofvige-
table material, which is designed for fodder prdatucand
for gaining the substratum for the biogas workslfg. The
technology of making ensilages, which are used laateh-
coenzyme in the biogas production in agricultur@ighs
works, is almost the same as the one used in egdddder
for ruminant animals (cattle and sheep). The purityhe
ensiling material has a great influence on the é&mtation
process itself, as well as on the quality of theegiensi-
lages. It is not allowed to feed animals with battd a
mouldy ensilages. Moreover, bad ensilage is naiabla
for the biogas production, because it is its quadtlitat is
crucial for the amount of the obtained gas whichtams
bioethane [27]. Strong contamination of the biomagh
soil causes that the biomass contains a lot oftrafiiem
bacteria. Those bacteria cause the secondary féatizen
(butyric fermentation) in the stable phase of emgil Sa-
charalytic species crack sugars that are indis/xadar
the lactic bacteria, while proteolysis species krpmtein
[16]. Disintegration of this alimentary ingredieleiads to

However, there are two basic differences consideri
grinding the material for ensiling and the fermdiotas
volatile products composition of ensilages. The ws®
which is ensiled as a fodder should be cut intdfct-30
mm long. It comes out of the physiological needsuwifi-
nants (proper saliva secretion, masticator ferntiemtesta-
bilization, etc). However, when it comes to the eniat for
biogas works, the cut should be smaller 4-8 mm kvinie
creases the surface available for the bacteriaireeg,
thereby improves the amount of the biogas prodnda].

In view of the fermentation process conducted Hoy t
lactic bacteria, they are divided into homo- andete
fermentative. The first group, above all, produtastic
acid and marginal amounts of acetic acid. The later
duces lactic, acetic and propionic acids and direnenta-
tion products as alcohols [15]. Yet, vegetablesaligucon-
tain insufficient amount of the lactic acid's epipb bacte-
ria. They would have provided a proper course ohénta-
tion [11, 14] which can be supported by ensilingppa-
ments f. ex microbiological [12, 26].

There have been two groups of the ensiling supgtesn
distinguished: fermentation inhibitors and ferméota
stimulants. Both contain chemical preservatives|dgjical
supplements or mixed [5, 6, 15]. First ones quicdjdify
the biomass and break the natural process of léticen-
tation and prevent the growth of injurious microrél. The
second group concerns biological supplements tleasuap-
posed to support and direct the ensiling procebs. third
group concerns combined Additives compound of a bio
logical and chemical part. The biological part Iselp the
fermentation process, while the chemical part pnev¢he
ensilage from stability loss during its growth apidking
[5, 6, 9, 15]. Selected ensiling supplements aesgmted in
the Table 1.

Considering the production of the ensilage forrilmai-
nants, it is important that the given fodder hast @f lactic
acid and smaller content of the acetic acid. Nafieranen-
tation process intended for the ruminant foddeddea the

the creation of amine and aminoacids which hamper t formation of a large amount of lactic acid. Supaytthe

growth of methanogenic bacteria. Whereas mould yrresl
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homofermentative bacteria, causes the fermentaigmo-
duce large amounts of these acid and smaller ammafnt
acetic acid. It makes the ensilages useful forahienals,
however they have small oxygen durability [5, 9, 28,
24, 29, 30]. This kind of ensilage used as a batd@nrzyme
in biogas work has a limited application becaus¢haree
bacteria can only poorly decompose lactic acid|evhola-
tile products of fermentation, such as acetic arapipnic
acids and alcohols are decomposed better [9, 10324
That is why, for ensiling vegetables for this pisppit is
recommended to use ensiling additives which coritaitic
heterofermentative  bacteria, especiallyactobacillus

butyric acids, ethanol and propylene glycol madenduthe
fermentation have to improve the conditions of the
methanogenesis and increase methane efficiency2R)9,
however the lactic acid bacteria have little infloe on the
efficiency of this gas [9, 20]. Ensiling supplenentsage
effect may also depend on the ensiling material7[113,
21, 24, 25, 28].

Formic acid, enzymes and inoculant have incredsed
productive potential of methane from ensiled bestso
heads and grasses by 19-22% [13]. Concidering mtiee
growth was by 16%, hemp 50%, yet there were noceffe
concidering beans. While urea has increased th&éamet

buchneri They will not cause the future batch- cofermentproduction from hem ensilage by 25-42% [24]. The a6

to be excessively acidified with lactic acid buttwacetic
acid [9, 22]. Nevertheless, heterofermentative @ssc
causes fermentative loss [1, 20, 28].

One of the basic parameter for the rating of thality
of the ensilages is the content of the acetic agtich is
fungistatic compound and it increases the oxygealality
of the ensilages. Concentration of the undissotiateetic

the additive of the homo- and heterofermentativetdréa
or their mix for ensiling different materials hawvereased
the efficiency of methane comparing with the cohénasi-
lage [1, 2, 20]. Lactobacillus buchneri bacteriaAP@138
increased the methane production from grasses aizem
by 8% and improved its viscosity suspension in fiae
menter. It resulted in lowering the intensity oktding,

acid on the 8 g kg level of the fresh mass hampers thewhich cut the cost of electricity used to the psscand it

growth and development of the fungi and yeast P,

decreased the mechanic use of the agitator [28$. Sthain

However, dry mass should not contain more than 3,5%onsists of an enzyme — ferulic esterase, whiclomipose

[31]. In the ensilage production for energetic mags, the
quality of the gained substratum has to be very limgor-
der to ensure good efficiency of methane [9]. Whaore,
it should contain more acetic acid which is esséiti the
acetic stage of the biogas production [2, 9, 1Hvéithe-
less, Plochl et al. [25] claim that at this staties acetic
acid's concentration in the ensilage is not so iemb as
the size of its production. Products such as laaé@etic,

lignin which is a part of a plant's cell wall. thproves the
availability of substratum that are needed for rapéhfer-
mentation [18].

The research demonstrated that lactic homoferrieata
bacteria and chemical additives (i.e mixture ofisodni-
trite, sodium benzoate, sodium propionate, potassor-
bate and hexamine) have a positive influence omtiadity
of ensilages from lucerne.

Table 1. The efficiency of the methane dependinth®nsed materials and additives

Additive Raw materials Efficiency methane gas Author

lactobacilli homo- + hetero- corn plant, all 97 &y’ silage Banemann et al. (2008) [1
name not given corn plant, all 309-339 thDW, Banemann et al. (2009) [2
Mais KofasiP’ liquid ~320 | kg DWO Heiermann et al. (2007) [7
Biosil corn plant, all ~340

Bonsilage Plus ' ~345

Silasil Energy ~360

Formic acid 0,26 - 0,28 mkg! VCO Lehtomaki (2006) [13]
xylanase, cellulase grasses 0,21-0,22

AlV 0,20-0,21

mixture of bacteria from the biogas reactor 0,20-0,21

Formic acid 0,24 - 0,36

xylanase, cellulase 0.22-0,27

AV heads of sugar beet 0.25-032

mixture of bacteria from the biogas reactor 0,28 - 0,37

lactobacilli homo- Vearass 311,4 kgt DWO¢ Nussbaum (2012) [20, 21]
lactobacilli hetero- yeq 312,0

Formic acid corn plant, all ~375 - ~450 U@H, kg* VC¢ | Pakarinen et al. (2011) [23
Formic acid cannabis ~335 - ~360

Urea ~300

Formic acid faba bean ~290 - ~360

Kofasil® liquid grasses 251,9 m t! Pléchl et al. (2009) [25]
lactobacilli homo- 337,6 - 369,8

Kofasil® liquid | ~ 225

Kofasil® life ucerne 2015

Mais KofasiP Liquid 308,2

Kofasi® stabil corn plant, all 324,7

Kofasi® lac 319,7

Pioneer 11CH4

corn plant, all grasses

~90-~330 MIXY/Oc

Ruser et al. (2009) [28]

DWO - dry weight organic; DW©- dry weight organic corrected; D¥V dry weight corrected; VE- volatile components corrected;

VCO - organic volatile components
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Nevertheless, increased methane efficiency doesmadr
the costs of the additives. Maize has given theosipp re-
sults. Moreover, there is no clear correlation leetw the
amount of acetic acid in the ensilage and the ieffity of
the biogas made from dry organic mass. Howevet réha-
tion exists between the sum of all fermentativela¢acid
concentration: lactic, acetic, butyric, propianethe dry
mass) and the methane efficiency from dry organéssn
Ensiling additives should increase the amount afanic
acids and lower the risk of losses in the oxygemdd@®ns
[25].

The preservation of the productive potential e Hio-

gas made from the grass and white beet's heachgash-
sured the usage of the mixture of bacterial cuttdrem
biogas production in agricultural bioreactor. Thi@ution
occurred to be economically beneficial.
Ensiling supplements used in the above mentionseareh
were mostly used in the ensilage production for dhé
mals. That is why some authors claim, that it isassary to
run some research considering the influence ottistling
process of the crops on the methane efficiencythadle-
velopment of special ensiling additives predestifa@dthe
production of the ensilage as a substratum forbilbgas
work [7, 25]. German Agriculture Society (DLG) hds-
signed a test procedure for evaluating the infleesfoensil-
ing supplements on the methane efficiency. It czigsin
the analysis of the fermentative loss in the oxyged oxy-
gen-free conditions and the evaluation of the igfficy of
the biogas obtained from the analyzed ensilagéherbasis
of the HBT test (Hohenheim Biogas Yield Test acomyd
to [8]). The evaluation is completed by the statialysis
[20, 21].

3. Research — losses of additives

For the sake of the experiment, the finish appdica
Junkkari HP 5 has been used. It is built out df.(fi) cen-
trifugal pump with the 12 V electric motor powerfdm
the tractor's wiring system, mechanical flow retpiaan-
tisewer valve and beam with two slotted atomizdrshe
RS MM 1100/04 type, red color.

The applicator is mounted on Silage trailers JUMBO

Pottinger.

Fig. 1. JUNKKARI HP5 applicator

Additives application inequality indicator did nek-
ceed 2% for the atomizers used in the analysis.

lector trailer:
- in front of the pickup unit (a shaft of browsesHaeen
watered),
- above the pickup unit.

A 5% aqueous solution of sodium chloride has been
used as an additive. It was added in the amoudSodin? t
! of the browse. The size of the loss of the adeli{§%
aqueous solution NaCl) has been estimated on this b&
concentration marks of Ubns. The size of these losses has
been estimated in the ratio of the amount of theitee
which remained on the measurement plates to the set
amount according to formula:

Vp
S=— [1100%
VZ
where: S — additive loss, %
V,, — the amount of the additive that remained on the
control plates, dint?,
V, — the additive set amount, d.

The aggregate moved with the speed that was cengru
with the agrotechnical specifications for the brewesllec-
tion for the ensilage. Three plates with vinyl prybonate,
which ensured that the whole operating width ofdbgre-
gate has been measured.

When the aggregate had driven, the additive that r
mained on the measurement plates was rinsed wétlugh
of distilled water. A solution received as a regfltinsing
the remained substratum from the basic (plate) been
placed in the glass containers. iBh marks have been done
by the mercurimetric method with the use of mixad d
phenylocarbazone with bromephenol blue in the acid-
ronment [17].

35,68

40 -

30 -

12,88
20

N\

Loss of additive, %

0 - - f
ll
Application place

Fig. 2. Losses of the preparation depending onpllaee of
its application: | - in front of the pickup unit (ghaft of
browse has been watered), Il - above the pickup Mail-
ues marked with letters vary considerably in teohstatis-
tics (p< 0.01)

Based on the research and the statistical analfdtse
obtained results say that the installation placéhefappli-
cator's atomizers has a great influence on theditee ad-
ditive loss. The lowest additive loss occurred witewas
applying into the vegetable material above the ygicknit.
It comes out of the fact that, the additive whidakes not
cover the browse falls down on the working unitsefie the

The beam with the atomizers of the Junkkari HRp5 a additive is successively taken away with movingugs of

plicator has been placed at two different pointsthen col-
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4. Conclusion

The conversion of the biomass into electric aratrtial
energy should take place with the highest efficjer@ne of
the ways is reduction the loss connected with Egsind
storing the substratum as the ensilages. Thereplargy
Additives available on the market which can helplain-
ing a good quality ensilage. In practice, farmess sup-
plements that facilitate ensiling for the foddemasl as for

[14]Lin C., Hart R.A., Bolsen K.K., Dickerson J.T., Curfit..,

1990. Indigenous microflora on alfalfa and cornd aopula-
tions changes during ensiling. Proc. Cattlemen's, Bapsas
State University, Manhattan, KS, 118-122.

[15] McDonald P., Henderson A.R., Heron S.J.E., 1991. Bibe

chemistry of silage. Chalcombe Publications, Bucks.

[16] McEniry J., O’Kiely P., Clipson N.J.W., Forristall®, Doyle

E.M., 2006. The microbiological and chemical compos
of baled and precision-chop silages on a sampl@rafs in
County Meath. Irish J. Agric. Food Res. 45, 73-83.

the substratum production. However, in that casdy o [17] Minczewski J., Marczenko Z. 1978. Chemia analitgczn

those additives should be used which would guaeaate

PWN, Warszawa.

taining greater amount of biogas during processes c [18] Nsereko V.L., Smiley BK., Rutherford W.M., Spielies A.,

ducted in a pile.

The other way is to cut the costs of using AdegivThe
simplest procedure is to limit the additive losecéuse the
losses could be significant, as it was presentetthéndis-
cussed experiment.
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