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THE ROLE OF STEM BACTERIA (METHANOBACTERIUM FORMICIUM) IN PROCESS
TECHNOLOGY FOR MAKING BIO GAS

Ketut Irianto
Agriculture Faculty, Warmadewa University
Email: iriantoketut@yahoo.co.id

Abstract

Object of this research is the role of microbes by using technology systems bulk (bulk). produce
bio gas. The subject of this research is the forest conservation area in the village of Marga
Tabanan, Bali Province. The analysis showed the average composition of bio-gas CH4 50-75,
27-40 CO2, H2 1-10, N20,5-3, -1 H2S, CO 0.1 and O2, NH3. This study began 20 February
2016 to August 28, 2016. The biological treatment is given at each stage starting from the
technological process (decomposition, fermentation, mineralization) ie C / N ratio of 20-30
nutrient standards desired by microbes to produce methane gas , The residence time (retention
time) as the raw material of 10-15 days, temperatures 30-500C growing standard thermophilic
bacteria, organic substrates Award Speed (loading rate) 8 kg / m3 / day, 6-7 pH, water content in
the ratio 1: 1 (raw materials and water). The technological process can be produced products
include: dry matter 18%, 6 kg of bio-gas per day, and dry fertilizers amounted to 8 kg per day.
The study also produced per kg of organic materials (residual tananman), 0,8- 2 m3 of bio-gas
fuel value bio gas is 500 -800 BTU / ft 3 or 5.7 -7.2 KKL / liter. The findings of this research is
the bacteria producing methane gas is dominated by bacteria such as Methanobacterium
formicum rod, Methanobecterium  Propionicum,  Methanobacterium  sohngenil,
Methanobacterium subboxidans. Bacteria berspora Methanobacillus omelianskil. Bacteria form
spherical Methanoccocous Mazel, Methanoccocous vannielii, Methanosarcina barkerii,
Methanosarcinamethanica.

Keywords: technological process, microbes, bio Gas

INTRODUCTION

Of several alternative the utilization of energy in surrounding , relatively favorable is the process biogas .
Because in the process biogas besides obtained it is also obtained organic fertilizers that can be
dimanfaahkan back , in recycling' into the ground .On the following is will discuss about how the
operation of biogas in rural areas .In this business absolutely necessary raw materials of waste debris , the
rest of animals.Gas bio is the basic substance to be changed into gases in biologi such as the various
organic matter , including material the remains ( sewage ) .Gas that forms composed of partially methane
gas .Methane gas own is colorless , tasteless and odorless , smell gas-bio inflicted by other components
as: CH4,,CO2,H2,N2, H2S, CO DAN O2 , NH3 .Play an important role in production process biogas
this is bacteria .Waste that can be converted into biogas hardly limited .Polymer carbohydrates as:
cellulose , or protein and fat can tear down. Perombakannya process through two stages, each carried out
by different bacterial groups. The first phase of an overhaul of complex polymers occurred into simple
compounds, particularly organic acids. Therefore, the first stage of the bacterial group is referred to as
bacterial penghasah acids (' acid producing bacteria '). The second phase is a continuation of the first
stage of the reshuffle took place acid-organic acids into bio-gas. Then a group of bacteria that work on the



second stage this is a real group called the methane bacteria (' methane producing bacteria ') below is an
overhaul of the process. Perombakannya reaction is as follows:

CNOSH ... anaérobic bacteria... RCOOH + CO, . H,S +NHj; . energy + fertilizer
Acid produser

RCOOH.......... anaérobic bacteria CH4+ CO, . Energy

Organic Acid methane

The Waste of household , agriculture and industry elaborated by bacteria group mentanogen can produce
biogas who most in the form of methane .Biogas ( methane ) can occur of decomposition waste organic
containing proteins , fats and carbohydrates .The formation of biogas lasting through a fermentation
process anaerobic or not relating to air free .The process of fermentation is a reaction oxidation-reduction
in the biological system that produces energy , where as donors and aseptor its electrons used organic
compounds .Fermentation anaerobic can only be achieved by microorganisms that can use molecule other
than oxygen as aseptor electrons .Fermentation anaerobic produce biogas consisting of methane (50-70 %
) , of carbon dioxide ( 25-45 % ), a little hydrogen , nitrogen and hydrogen sulfide ( caldhwel , 2001 ) .
There are three stages in making biogas:

a. the first stage is the reduction of organic compounds that complex into a compound a simpler by
bacteria hydrolytic .This bacteria work at a temperature 300-40oc mesophilik group and the
temperature between 50°C -- 60°C to termophilik group . The first stage and this goes on with the
ph between 6-7 .

b. the second phase is a change in a simple compound being an organic acid which is volatile as
acetic acid , butyric acid , acid propianat and others .Since the enactment of an organic acid ph
then it will continue to decline , but at the same time formed a buffer that can neutralize pH .Acid
form bacteria the organic of them are pseudomonas , flavobacterium , escherichia and aerobactar .

c. the third stage is the conversion of an organic acid to methane , carbon dioxide and gases such as
hydrogen sulphide , hydrogen and nitrogen .

organic material» CH; + CO, + H,S+ H, + N,

This conversion done by bacteria methane as: methano bacterium omelianskii , M sohngenii , M
suboxydans , m propionicum , M formicium , M rimunantium , methanosarcina barkeril , methanococcus
vannielli and methanococcus mazei .In the process perombakannya , not all material terombak perfect
Materials like lignin is disturbing reshuffle. .After all of material that can be terombakpun not all
terombak total compound .There are still the rest of a compound of organic matter can terombak (
digestible matter ) .But the rest of this compound has become a simple compound , can be used as
fertilizer ( caldwell , 2001 ). Part a compound terombak into gas is compound C ( carbon ) , who mainly
from carbohydrates .Means almost all compound n in waste remain a rest or terubah into cells .So can be
used as fertilizer source N . The results of gas obtained is depend on the circumstances and kind of
limbah.bahan a basis for the process gas-bio. In principle waste as the fundamental substance of the
process biogas divided into three groups of:

A. an agricultural waste / plantations.
An agricultural waste / plantations is easy received and available in a relative amount very much.But
there are it untungannya, that an agricultural waste / plantations usually ' rowa', difficult pulverized to be
made ' slurry', and in general containing lignin who cannot digested.So if used as a process biogas, have
to every time cleanse from digester (, such ).So to use an agricultural waste / plantations as the
fundamental substance of biogas there are three alternative can be selected :

e chosen materials contain many water, and dipres then fluid digested be biogas.

e select materials tldak containing lignin.



¢ done reshuffle introduction in aerobic, then processed into gas bio
Lack of other than the utilization of waste farming or plantation ialahpada generally poor will nitrogen, so
we needed ditambahsumber n, such as will discussion in the discussion of nutrients.
B. Cow feces. This material of cow many use and suitable for the process biogas..Composisiton N enough
live, easily mixed into pulp and allow processed continuously, to the cow corral and perencanaan.di
between various dung , manure is the most suitable for be turned into biogas. It is attainable and easily
produce gas in large quantities, and the rest is fertilizer very rich nitrogen .

Table 1. Composition Cow feces and Output

Unsure Cow Waste (%) Output(%)
Dry material (total solid, TS) 18,2 8.8
Volatile solid, VS 13,99 8,09
Fixed solid, PS 6,23 3,21
Nitrogen total, N 5.1 2,8
Carbon, C 42,0 40,5
Comparative C/N 19,8 27,4

Sources : Laboratory analysis, 2005

C. Human feces .

The material also is good for use in the process biogas , but overall psychological in its operation .So in
its implementation should be designed equipment that is easy to work continuous , without too much
dipindah-pindahkan openly. One of them is the use of material top stools look at like plastic but will
soluble in water after submerged in a very long time , or plastic itself can also digested by are bacterium
methane .There are still groups other waste that can be used , waste due to human activities that was not
included in a and b. waste households in the form of leftover bits of food, the rest of cooking, papers
wrap, etc. And waste processing companies agricultural products .

In principle there are only two equipment biogas , namely a tool digester (, such ) and collectors
gas instrument .Instrument, such there are various types of , among others a kind of drum , a kind of a tub
and the type of tire .Producer gas-bio instrument it is usually distinguished according to the manner of
charging feedstocks: -- bulk charging —continu charging. A tool producer gas-bio the precipitation of a
kind of charging shown in gamhar 1 ( a ) .This device consisting of two among the main components of
which is this: 1) tank, such; and 2 ) collection tank gas ( see figure 1 (a ) ), this type of charging called
precipitation because the completion of the raw materials for this device diisikan as well as in the number
of the precipitation of ( ) into bulk tank, such; later collection tank gas couched into tangki-pencerna as
shown in figure 1 (a). After a certain period of time , stuffing in a tank, such begin to experience of
digestion (digestion) and gas-bio he began to produce. It is clear that the type of bulk charging, the
process of filling in be done at once and digestion takes place. After all of material have been unused
diisikan discharged , this means not produce gas-bio in great numbers again .If the production of gas has
been made to cease, then all of the components of an instrument are cleaned, especially that part
dalamnnya .So next , the cycle of work an instrument such as detailed above repeated .So tangki-pencerna
filled again , collection tank gas couched on top of it and so on .

MATERIAL AND METHODS

Objective, steps of experiments, location and time

Object of this research aims to understand the role of microorganisms in produce gas bio and raw
materials fertilizer in technological progress by using system of (do bulk). This research consisting three
rounds of experiment.Technological progress of 1) standard treatment biology given 2 ) a product



produced 3 ).The sample collection done may 2016 and analysis raw materials the results of the process
done in the laboratory Udayana University Denpasar Bali, of June 12 to 2 august 2016.

Study on the operational process system of bulk technology

Instrument producer gas-bio kind of charging of consisting of two a major component namely: 1 tank,
such; and 2) gas tank collection, with three stage of the proceedings namely decomposition process,
fermentation and stabilization.Each phase prose given treatment biology of ( figure 1).

oksigen gas handling

I

l

| waste raw material
tow el L P

Equaliser

INPUT

Figure 1 . Design of Bulk Technology System

Treatment biological

In the do bulk technologi step with the process of technologi ¢ / n the ratio of 20-30 the nutrient
requirements desired by microbes to produce methane gas .Time live ( retention time ) raw materials 10-
15 days , 30-500°C temperature requirements grow bacteria are thermophilic, the speed of the provision
of that of the substrate organic ( loading rate 8 kg per Cubic meters per day, pH 6-7, the water level by
comparison 1 to 1 (raw materials and water ) .



Study on quality and characteristic fertizer matter

Physical qualities , chemical and biological from raw materials biogas of the stage decomposition process,
fermentation , and stabilization (in a, b and ¢) . Raw materials biogas analyzed in stages of decomposition
(in a) and fermenting (inb)

Data Collection

Sample taken from each stage of the proceedings (decomposition, fermentation and stabilization and
treatment biology .Analysis the quality and characteristic of the results of production process biogas done
in the laboratory Udayana University.

Physical and Chemical analysis

The physical (TSS and MLSS) characteristics of matter biogas were analyzed with photometric method
using tss portable hand held turbidity 1xv322.9900002 system product ( gli international hach radiometer
analytic) .Sulphide, magnesium, ammonia , ammonium acids, were analyzed tittrimetrically using
electrometric and digital titrator, catride 0.080 m , test kit , 500 ml Calcium Magnesium indicator solution
, 50 ml ammonia electrode filling solution , 5g hundredths ml phenolpthalene indicator solution , tnt plus
.The 8075 total kjeldahl nitrogen , nessler & apos range: 1-150 mg / 1 , nitrogen ammonia standard
solution, mg / 1, 500 ml NH3-N was used to analyze n ( nitrogen organic ) Nitrates and nitrites were
analyzed with spectrophotometric method using 8171 spectrophotometer powder pillows of accuvac
range: 0.1-10.0 mg / 1 NO3-N ( hach acc brand). P, K, Ca, The , Fe and mo were analyzed using atomic
absorption spectrophotometer ( aa30 , variant , usa ) .All metals , except calcium were atomized using
acetylene and water .Calcium.

Microorganisms and bacteria were calculated using 8091 MPN (Most Probably Number) method
Coliform-Total and E-coli Lauryl Trypose w MUG Broth Most Probable Method. Range: MPN Count
table, Dri-Bath 12-Well, 120 V (HACH, USA Brand) incubator. All analyses were conducted in the
laboratory of the faculty of Mathematics and Natural Resource Science of Gajah Mada University,
Yogyakarta (Gajah Mada University Laboratory, 2016).

The production of biogas was calculated using the equation
the installation organic matter capacity (m*/day)  ....................... )]
the discharged organic matter (m’/hr)

While the production of nutrients was determined from the nutrient microorganisms demand equation
DO ] .o i rimnnibanivphenbysion 15 BovaRisipis @)

RESULTS AND DISCUSSION
The research in an research obtained raw materials of debris and cow dung .The results of the analysis
laboratory shows that the raw material used dominated by organic matter containing carbohydrate and
protein and fats us indicated by parameter of TSS , ammonia, nitrates, nitrites .

The operational of Bulk technology

The bulk technology in area experiment had met standard operational criteria for biological processing of
matter fertilizer organic. The steps of process of bulk technology showed that the technology had met the
operational standard, due to focusing on biological principles with the concept of usage and quality of
safe, efficient and environmental organic matter. This was prove by the quality of organic matter
produced in fermentation level or step (B pond) and in stabilization level (C pond).In addition, the



characteristic of the organic matter produced in stabilization level had also met the quality standard for
fertilizer material (Hammer, 2001).

Biological treatment

Each stage of the proceedings given treatment biology of ¢ / n the ratio 20 to 30 requirements nutrients
command microbes for producing a gas methane .You have ( retention time ) raw materials 10-15 day ,
temperature 30-500c requirements growing bacteria are thermophilic , speed the provision of a substrate
organic matter (loading rate 8 kg / m3 per day , pH 6-7, the water level by comparison 1: 1 ( raw materials
and water ) .Decomposition process and fermenting in aerobic ( need oxygen ) or in anaerobic ( do not
require oxygen ) .Any material organic can tear down with both that way , but the end result will different
namely resulting gas bio and raw materials fertilizer .The process can accelerated by the provision of a
substrate organic matter ( loading rate . Ph and alkalinity will affect kind of micro-organime and the role
of organisms in the process biologist ( Barnum , 2005 ) .

The role of stem bacterium in process technology for making bio gas

The results of the analysis laboratory shows that samples to be taken on stages of decomposition and
fermenting dominated by bacteria the stem like; methane bacterium formicum , methane bacterium
propionicum, methane bacterium sohngenil, methane bacterium sub-boxidans.Bacteria sporulated
methanobacillus omelianskil .The form of spherical bacteria methanoccocous mazel , methanoccocous
vannielii , methanosarcina bacterium , methane sarcinamethanica ( figure 2 )

A B
Figure 2. The shape of the cell form bacteria mucus biofilm
in makroskopis ( a ) and microscopic (b ).

Production of fertilizer Materials and Gas Bio

The analysis shows composition the average gas-bio CH4, 50-75 % , co2 27-40 % , H2 1-10 % , N 20,5-3
% , H2S -1 %, Co 0.1 % and O2 , NH3 .The calculation on ( eg 2 ) was found that the TSS , the mlss the
material fertilizer ) fertilizer dry 8 kg per day and gas bio production dry substances 18 % , 6 kg gas bio
per day on the calculation on eg 1). The research also produced every kg organic matter (organic matter) ,
0,8- 2 m3 gas bio with the natural gas bio are 500 -800 btu / ft 3 or 5.7 -7,2 kkl per liter .
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