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Abstract: - The paper presents a comparative experimental sigddgtween different types of biomass residuesnglu
their behavior along the anaerobic fermentatiorcgse for forming biogas. The authors focus theltesin the
quality and quantity which are produced using défe species of agricultural and wood residuesclbeleist, linden
dust, corn waste and a recipe composed by cornnardof maize and corn waste. All the research, udirig

measurements and analysis, is carried out on eipdtallation.
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1 Introduction reduces the emission not only of greenhouse gasis,

Global supply of energy is facing several incregsin /S0 of nitrogen oxides, hydrocarbons, and pagif3¢
challenges. Energy consumption is on a moderat3i0gas could become — according to its physical,
increase, especially in rapidly developing coustrine ~ chemical, and thermal characteristics - one of rtiwest
overall size of the world energy market nearly dedb important alternatlve fuels, with GOnheutral emission,
between 1971 and 2003, and extended by 2010 teya ve @nd can potentially replace natural gas and oit aan
high level, driven by rapid expansion in energy irse contribute to maintain mobility, while other altative
the developing world, where population and energySOurces of glectrical energy and heat generatj«m ar
activity have grown. The International Energy Agenc available (wind, solar energy, etc.). No negative o
(IEA) has projected an increase in primary energyIlmlted enV|ronmentaI_S|de effects are observectisiig
demand of 1.6 per cent per year until 2030, when th generated bgcause biogas can be produced fropped t
cumulative increase will be equal to half of cutren Of “green” biomass [4]. Related to the renewablerses

gas — dominate the world energy economy, providingthe share of renewable resources at the leveesepted.
80 % of the world’s primary energy supply of FOr 2020 the expectation towards growing the reiéava

449 EJlyear [1]. share are large.

The use of biomass has for millennia helped human _

society to fulfill many of its fundamental energgeats, Table 1 — Share of renewable resources in European
such as for the production of goods, cooking, ddimes Union [5]

heating and the transport of people and goods [2].

Agricultural biomass production is generally coesat Ener gy sour ce Energetic share
to have the greatest energy potential of the thma@ (%]
biomass sources (agriculture, forests and wastdh W Coal 15
current technologies, biomass from agriculture can Oil 41
satisfy a wider range of demands [2]. Natural Gas 23

One of the technologies used for energy recovemn fr Nuclear 15
biomass residues (practically considered wastehes Renewable 5
production of biogas through anaerobic fermentation

Anaerobic digestion and biogas production are ) ] ) )
promising means of achieving multiple environmental Connected with the allocation of biomass residues a
benefits and producing an energy carrier from rexey ~ ROManian level, in Fig. 1 is presented the energeti

resources. Replacing fossil fuels with biogas ndigma pptential re_Iated with biomass distribution in the
different regions of the country.



the pump (2) and introduced into the fermentation
reactors (3). The correction agent tank for the pH
assures, through the control system, the conditfons
the process of anaerobic fermentation. The resulted
biogas is passed through a filter for retaininghh® (5)
and after that, through a system used for retaidiQy
(6), after which takes place the €@esorption and the
compression of the GOn the adjacent system (7) and
the purified biogas is sent for being used (8). Tiked
material is discharged through the means of a
gravimetric system (9), and the solid materialeigined
for being dried using the natural drying, and aftett is
sent to a compost deposit for being used as a soil
Fig. 1 — Energy potential allocation in Romania [6] fertilizer. A part of the resulting Ilqwd is neatized
when the case, in the system (10) and sent to the
Biogas from biomass represents one of the techieslog sewerage network, or is transported by the recition
which are evolving in Romania in present times. pump (2) from the suspension preparation tank [
Because of this, different steps are taken in otder fermentation reactors are thermostat heated with th
study ways and biomass types useful to produceabiog System (11). For the homogenization of the susperisi
with good quality and in large quantities. used a bubbling system (12) made by  polypropylene
At the Unconventional Energies Laboratory of the pipes to avoid the possible corrosion. Also, for
Mechanical Engineering Faculty there was develaped depositing small quantities of biogas of the puepo$
pilot installation dedicated to the study of thehdogior ~ analyzing, the installation is equipped with a stk
for different biomass residues. (13) positioned at the top of the reservoirs.
Based on this installation one accomplished lonmgte
experimental analysis related to biogas quality and
2 Pilot plant guantity using different sorts of wood and agricrat
biomass residues.
Fig. 3, 4, 5, and 6 present the biomass residwstsubre
used for the experimental determinations.

In Figure 2 is presented the pilot schematics.

Fig. 3 - Grains of corn  Fig. 4 — Mix of maize and
Waste [7] corn waste [7]

Fig. 2 — Pilot schematics [7], [8]

1 — preparation tank, 2 — pump, 3 — fermentation
reactors, 4 — correction agent tank, 5 - filterretaining
the HS, 6 - system used for retaining £0@ - adjacent
system for CQ@ desorption and compression, 8 —
consumer , 9 - gravimetric system, 10 — system for
neutralizing the resulting liquid, 11 — heatingtsys, 12

- bubbling system, 13 - small tank for biogas saspl
From the biomass deposit, the used material isegass
through a mill, and then it's sent to the tank vehdre
preparation of the suspension of biomass is majle (1
The biomass suspension is transported with the dielp

Fig. 6 — Linden dust [7]

eech dust [7]

One used two different types of agricultural biomas
residues used for experimental determinations:
agricultural and wood. As result of comparative
experiments between each batch involved, the guaflit
generated gas was determined, according mainly the
methane & carbon dioxide present in the resultedds.



3 Experimental resultsand discussion

For each batch there were made measurements in ordt

to determine both quality and quantity of the aidl
biogas and its composition.

The following figures will underline the variatioaf
pressure for each batch correlated with the procluct
biogas.

The temperature regime was between 30 — 38 °C (the
mesophilic regime) and the pH was maintained at a

value between 7 - 7.5, in order to avoid the negati

influence of the process of corrosion on the pilot

installation material.
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Fig. 7 — Pressure difference for beech dust batch |
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Fig. 8 — Biogas production for beech dust batch [7]

From Figures 7 and 8 it can be observed that tbeage
value for the pressure difference is approx. 018,end
the biogas quantity is under 0.08 hday.

In order to verify another type of wood materidlere
was realized another experimental determinatiomgusi
linden dust. The results are presented in Figuresd®
10.
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Fig. 9 — Pressure difference for linden dust b§ifth
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Fig. 10 — Biogas production for linden dust batéh |

X pebit Il = Average flow

The correlation between the pressure differencethad
biogas production is at a low value, of 0.12 bagamng
an equivalent biogas production of under 0.65 m

The next logical step was to use agricultural waste
the next experimental determination was made uaing
mix of maize and corn waste. The results are pteden
in Figures 11 and 12.
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Fig. 11 — Pressure difference for the mix of maird corn
waste batch [7]



Biogas production
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The correlation between the difference in pressune
biogas production shows that this batch had pratluce
the largest quantity of biogas from all the anadlyze
batches. All data in reference to normal conditions

The comparison between the quantities of produced
biogas is showed in Figure 15. Best results am frorn
waste, the explanation is based on the best Gatibl r
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Fig. 12 — Biogas production for the mix of maizel aorn

waste batch [7]

From the correlation between the difference of sues

and the biogas production it can be observed that t
average value is about 0.4 bars and the biogas . [ ] e
production has peaks atré, with an average value for

production of 0.25 iV day.
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The last batch was composed only from grains of cor Fig. 15 — Comparative results regarding the biegasunt [7]

waste, and the results are presented in Figuresd 34.
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In order to determine the percentage of methane and
carbon dioxide, there were realized measurememisgiu
the anaerobic fermentation process involving three
periods of time: the starting period, when, aftbe t
Oxygen consumption there are starting to form the
anaerobic bacteria, the period with the maximum
production of biogas, presented as a peak, andagte
period when the process is slowing down. The
concentrations of methane and carbon dioxide are
presented for each batch / each reservoir in thedge
with the maximum production of biogas. In Figures 1
and 17 are presented the methane and, CO
concentrations for the beech dust batch.
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Fig. 13 — Pressure difference for grains of corste/doatch

CH, and CO, concentration variation
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Fig. 14 — Biogas production for grains of corn \easatch [7]
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Fig. 16 — Methane and G@oncentrations by vol. for beech
dust batch — reservoir no. 1 [7]

= = % CH4 R1 before wash

% CO2 R1 after wash



CH4 and CO, concentration variation
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Fig. 17 — Methane and G@oncentrations by vol. for beech

dust batch — reservoir no. 2 [7]

From the graphics it results that the methane 32
concentration, in % by volume, has about the same §*
values for the same reservoirs, with a maximumevailu
about 58 %, while C®Oconcentration, in % by volume,

is in the range of 41 — 42 %, as maximum value.

In Figures 18 and 19 the methane & LQfOncentrations

by vol. for the linden dust batch are presented.

CH,4 and CO, concentration variation
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Fig. 18 — Methane and G@oncentrations by vol. for linden
dust batch — reservoir no. 1 [7]
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Fig. 19 - Methane and G@oncentrations by vol. for linden
dust batch — reservoir no. 2 [7]

— = % CH4 R1 before wash

Through comparison with the values for the firdchait
can be observed that the £ebncentration is about the
same for the maximum values, like the L£O
concentration. The explanation resides in thetfeatt the
material is woody and has a large percentage abiig
cellulose.

In Figures 20 and 21 are presented the methan€@ynd
concentrations, by vol., for the mix of maize ammin
waste batch.

CH, and CO, concentration variation
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Fig. 20 - Methane and G@oncentrations by vol. for mix of
maize and corn waste batch — reservoir no. 1 [7]
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Fig. 21 - Methane and G@oncentrations by vol. for mix of
maize and corn waste batch — reservoir no. 2 [7]

From the measurements, it can be observed thatkhe
value is with approximately 1% larger for the seton
reservoir, this percentage influencing the ,CO
concentration.

In Figures 22 and 23 the concentrations of metfzenke
carbon dioxide for the corn waste batch are present



shift in which our country should join the current
conditions. The quality of the produced biogaslisely
related to the type of biomass which is being usedm
the recorded data presented in the figures itaardhat
2 the input material used is very important, meartimg
o8 quality of waste (type of biomass residues), thé I
g ratio, the duration of the batch, and also theomati
Sw between solid matter and liquid volume. Through
h comparison one concludes that the last two batches
o produced much more biogas than the first two,
© strengthening the idea, that it is very importanfind
S R — = further solutions to solve the problem of the diffi
e~ TT————— T~ — degradation of the ligno — cellulose chains. A faes
0 100 0 0 solution would be an acid hydrolysis, but througle t
O ot O process of neutralizing the acid, the result isrof salt,
Fig. 22 - Methane and G@oncentrations by vol. for corn that decreqses thg speed  of the. forma’qon of
waste batch — reservoir no.1 [7] _mathanogenlc bacteria, and thus_, the biogas pmn_duct
is reduced. Because the energetic value of theewast
relatively high, for a full recovery of energetiotpntial
it is recommended to be co-incinerated or treatethér
70 for CO, retention, thus becoming a high quality gaseous

CH, and CO, concentration variation

CH, and CO, concentration variation

et T ] fuel, with CQ, neutral emissions.
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