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Abstract: The main focus of this paper is to underline sorhéhe general characteristics of different sortdbmimass

related with substrate analysis before the anaer@mentation process, influence of external patans (temperature
regime, pH, degradation aspect of the material)nduthe fermentation and also a correlation betwieoretical and

experimental results of pH variation related wigmperature and time for two different sorts of delgd biomass. The
conclusions will underline aspects underlining $tdte characteristics, influence parameters andaVisbservations
related with the general aspect of the materiahdua 40 days period of time.
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Introduction
The biogas production process is complex and

gensitive since several groups of microorganisms ar
involved. The important processes in anaerobic dige

are hydrolysis, fermentation, acetogenesis, and
methanogenesis, where hydrolysis is subject to the
Fermentation process, while acetogenesis and
methanogenesis are linked. The hydrolysis step isx#ra-
cellular process where the hydrolytic and fermeveat
bacteria excrete enzymes to catalyse hydrolystooifplex
organic materials into smaller units [7].

Once produced, biogas is generally composed of ca.
48-65% methane, ca. 36-41% carbon dioxide, up % 17
Qitrogen, <1% oxygen, 32-169 ppm hydrogen sulphide,
and traces of other gases [8]. Both carbon dioxdd
methane are potent greenhouse gases and poss#lyfl8
global warming is thought to be caused by
anthropogenically derived methane emissions [9fb&a
dioxide released through natural mineralisation is
considered neutral in greenhouse gas terms asatherc
has been recently removed from the atmosphere dt pl
ptake, to be released again as part of the canyma [3].

In the last decades, biomass was starting to ptay
important role as an alternative source of enengyle the
theoretical and experimental studies increaseduimber
and results were obtained using different typesubstrates.

In today’s energy demanding life style, need fo
exploring and exploiting new sources of energy Wwhace
renewable as well as eco-friendly is a must. Imlrareas
of developing countries various cellulosic biomésattle
dung, agricultural residues, etc.) are availablepianty
which have a very good potential to cater to thergy
demand, especially in the domestic sector [1].

Details regarding the anaerobic fermentation proce
as one of the used technologies for obtaining lEdgam
different types of materials are presented in maayerials
from literature.

It is considered that the anaerobic fermentati@mtess
represents the process of decomposition of orgawaitter
by a microbial consortium in an oxygen-free envinemt
[2-4]. It is a process found in many naturally atimg

anoxic environments including watercourses, sedisnen” . 9 .
and waterlogged soils [3] g Related with the existing literature, the preserstealy

Anaerobic fermentation could convert COmlolezi/ill underline the process parameters and influgactors

organic substances in excess sludge into valuedad gr two different types of material (deg.raded wowr
arley and degraded rye) during anaerobic fermentdn

mesophilic conditions (30 - 37°C) in a small scale
installation.

products, such as volatile fatty acids and othew lo
molecular weight soluble carbon compounds [5].

Already established as a reliable technology inogar
and Asia, anaerobic fermentation is used to treaerthan
10% of organic waste in several European cour’{t&}e§_ 2. Experimental

Anaerobic fermentation processes are classified by
critical operating parameters and reactor desigth sas
continuity (batch versus continuous), operatinggerature In Figure 1 is presented the general schematics for
(psychrophilic, mesophilic and thermophilic), remact small scale installation built in order to analgene of the
design (plug-flow, complete-mix, and covered laggpn process characteristics of different substratesnduthe
and solid content (wet versus dry) [4]. anaerobic fermentation process.
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Figure 3. Degraded rye

For the analyzed materials there were determinatso
of the characteristics which are presented in Table

Figure 1. General schematics for the small scatailation

1 — glass reactor with a total volume of 6 I; 2 agmet place don the
bottom of the 61 glass reactors for magnetic sitiyri3 — small glass
reactor for biogas washing with water, with a temlume of 500 mL; 4 — TABLE 1. General characteristics for the two sorts of biomass
thermocouple; 5 — pH sensors; 6 — system for pkiection and sample

collecting; 7 — pH controllers; 8 — temperatureteoller; 9 — gas bags for Water Ash Carbon | Nitrogen
biogas samples; 10 — pressure gauges; 11 — hegstem. No. Name content content content | content
(%] [%] (%] [%]

Working principle of installation: inside the glass Degraded

reactors (1) is inserted a semi-fluid suspensiompmsed 1 | tworow 13.0 3.7 45.19 2.18

from fine-granulated biomass and water. Each gleastor Dba”eg 5

has on the bottom part a magnet (2) used for thgnetic 2 e?;g © 12.9 2.9 45.74 1.82

stirring process in order to have a relatively hgemous

material. From the glass reactors, the formed lsiogdl

pass into the smaller glass reactors (3) halfdfilléth water From Table 1 it can be observed that the C / N i

in order to “wash” the impurities of the biogas. degraded two row barley is close to 21/1 while fioe

Each of the glass reactors (1) has inside a pHosengjegraded rye the C/N ratio is around 25/1, being an
(5) which is controlled with pH controllers (7),@mlso a ingicator for the suitability of those materialsgaeding

thermocouple (4) controlled with the help of a temiure  hejr potential during the anaerobic fermentatioocess.
controller (8) in order to assure the necessarypézature

for the process. The installation is equipped vefecial
gas bags (9) in order to take samples if necesandy
pressure control with the help of pressure gaudé i
case of overpressure.

The temperature regime is assured with the hetpeof

3. Results and Discussion

The two batches of materials were subject to af@ero
heating device (11) which allows 2 batches to balyaed Ig[{]"eer;gﬂfg pr°|jesjng°r o ﬁ:{;’ld ;’Sf “e‘itdagfs’ t';‘;"‘”::gterial
separately. The installation was built in orderstgpport P » P 9 P

. fructure was observed.
two batches of material under the same temperatu?e :
. ) . In Figures 4 and 5 are presented the temperatue an
conditions in order to better observe and make eispns L . : .
pH variation during the 40 days period of time.

over the general particularities of each used rister . .
. . ; . From Figure 4 it can be observed that the temperatu

The materials which were used in this study are . . o -
presented in figures 2 and 3. regime is be_tween 34 and 3_6 C with an averaget_evai_u

35°C which is a corresponding value for the medimaii
temperature regime.

The pH variation presented in Figure 5 shows a
starting acid tendency in the first time frame tedhto the
initial biomass pH value which needs to be cormctging
lime water and after a period of approximately Bygthe
value starts to increase to neutral levels whiclke ar
maintained until the end of the batch.

Connected with the pH variation there were made
some theoretical observations in order to betteletstand
the phenomena. In this direction there were made
correlations between pH values and other parameters
considered to generate pH variation.

Figure 2. Degraded two row barley
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Temperature Variation
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Figure 4. Temperature variation
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Figure 5. pH variation

For an accurate description of pH variation with, & . 5 2 w2
temperature and time it was proposed a polynomiaﬁ_ é(y" (8 * 2, B, +8; By +8, 0 +a, B B, +350cy))
equation of second degree expressed by equatid®, 1L1]. 2)

y=a,+a [k +a, X +a,[x [k +a, X +a & (1) Through annulment of the partial derivates of S
function in connection with ;acoefficients, a linear
where: a— equation Coefﬁcients; y — pHi_x temperature equations SyStem is obtained. The coefficient matfithe
[°C] ; X, — time, [days]. system A and the free coefficients vector, B are:

The coefficients values in the case of second @egre
polynomial regression are corresponding to the mmimn
of the function:
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£ 2 8y, P2 Py Bx2 which the material starts to degrade (acid phasé) the
" . _ . _ / _ _ !

=] == = == biogas production where the degradation processuish
m m o, moL W mon W o more intense and the pH tends for a neutral / sligisic
Dai D4 e 2 ZXij¥z 2*i%% | yalye. Also, in order to assure a correspondingiesal

during the process was used correction liquid (llmased
m m m m m m
Lxa L Eﬁj Elxlzj PR x3; Elxgj suspension).

A= The equation for the obtained mathematical steéibti
IR oS Sl D S, 2x2xZ|  models after the linear multiple regressions aesgnted in
= = = = = = Table 2. They are valid on the studied field ofesl,
Pxgi Do PxZy SxgBE 3x3 By IxZBKE Yx K3
=1 1) 2] i 1) 2] =1 1) 22j i 1) 2] =1 1) 2 i 1) 2j
" " " " " " TABLE 2. Equations of the obtained statistical models
gx%i lej D(%i ngj gxfj D(%i lej D(Sj gxgj
= = = = = = Batch Equation for the statistical mathematical

model

r 1 Degraded two ro

ULP - y =-53.03 + 3.0%;+ 0.48-%— 0.008: xX—

gy] barley degraded ¢ 4. — 0.003 -

=1 rye

> xqj ¥

=1 . .. . .

: After the computation of the model coefficientsist

ng oy necessary to make a comparison between model

| e predictions and experimental data. For adequadgatats

B= m there were used the dispersion and R correlatieffic@nt

2 ¥ (Table 2)

= - dispersion :

> x5 o5 .

J= 2

2 (Yiep = Yicac)

m o, o2 =iz

X X5, ¥ -1

) ’ @

4

Using MATLAB software the equation system was
solved and there were analyzed the experimental dat
The obtained data together with the generated ssfa

- R correlation coefficient:

from the statistical mathematical models are preskin n.,_ 2
Figures 6. Z(Yi _Yicalc)
R= [1-Z
n
o =\2
> (5 -y)
i=1

®)

TABLE 3. Adequacy indicators for determined statistical model

Dispersion, Correlation
Batch ¢’ coefficient, R
Degraded two row 0.5079 0.7747
barley — degraded rye

The values for the presented adequacy coefficients
e Table 3 are indicating a satisfactory correlatietween the
i 0 338 determined statistical model and experimental datas
ime t, [days] T, [0¢] . . . .
confirms the fact that obtained mathematical eguati
describe with sufficient accuracy the pH evolutiartime
Figure 6. pH evolution in connection with temparetT and time t fora  as a function of temperature.
batch containing and degraded two row barley amgadied rye During the 40 days period of time the general aspkc
e material was observed with the help of a mmwps at
period of 10 days in order to better observe the
egradation rate of the material. Those pictures ar
resented in Figures 7 to 16.

From the graphics it can be observed that the piy
variation has an evolution form acid to neutral basic d
levels in time. This process can be explained by tkb
characteristic pH values connected with the phdisen
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Figure 7. Degraded two row barley 10X — first stage Figure 12. Degraded rye 40X — third stage

Figure 8.Degraded rye 10X — first stage Figure 13. Degraded two row barley 40X — fourttgsta

Figure 9. Degraded two row barley 15X — secondestag Figure 14. Degraded rye 30X — fourth stage

Figure 10. Degraded rye 15X — second stage Figure 15. Degraded two row barley 50X — final stag

Figure 11. Degraded two row barley 40X — third stag Figure 16.Degraded rye 40X — final stage
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From the figures presented above one can obseeve th Both batches of material have shown good indicators
graduate degradation process which takes placdeirthe of degradation from a visual point of view with elative
substrates. First figures (7 and 8) present theeniaht preferential degradation of the starch based strect

unaltered by bacterial influence. The general #stinecand

relative to the external part of the grains whishdenser

color is constant in the batch mass. The secondofetand harder to degrade.
pictures (9 and 10) underlines the beginning of the

degradation process, the material is still coloagd the
general aspect is relatively unchanged. This suggesat
the process has a slow evolution
temperature and pH influence. In the third staggufes

11 and 12) it can be observed that the degradatiocess
has evolved, the general structure of the matesal
deteriorating, the color starts to disappear in esareas,
which is a sign of preferential degradation inside mass
of material. The fourth stage (Figures 13 and hteulines

an extended degradation process in all the mastheof
batch, the cellular structure of material withootor and

superficial layers can be observed in detailed ssags a
sign of advanced stage of degradation. In the pastse
(Figures 15 and 16) one can observe that the rahteri
attacked by bacterial formations, cellular aspgcevealed,
impurities from the degradation process are preseand

the general structure is without any color relatedthe

beginning of the process. This is a good indicétet the

fermentation process takes place in good conditions

4. Conclusions
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