7.2. Biomass Conversmn Technologf\é
/
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A wide var1ety of conversion technologles 1s availlable for
manufacturing premium fuels from biomass (see table 7.2.1). Some are

simple and well understood like digestion and fermentation ;others like
asification have been tested in large pilot plants and are now being

or
5
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mmercialised.
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Key a = low calorific value (5-10 MJ/m ) b = medium calorific value (10-

¢ = high calorlﬁc value (30-45 MJ/m Y,



__wood, dung, vegetable wastq o
tpeated in many different ways to provide a wide SF?fﬁQtl'um of y,
- products. Domestic refuse, for example, .'3311 be dried «"llld‘ burn
%wrcvido heat or converted into low calmflﬁc v;}lue gas by PYro},
Air). Alternatively, it can be stirred mto a Sl“l‘ry"

Like-wise, liquid and gaseous fuels sy,

be manufactured by several different r

=

Each bilomass resource

(heating without
Jirested to vield methane.
methanol and methane can

nd from a variety of feedstocks. ]

«tiita

The choice of the process is determined by a number of fact
the location of the resource and its physical condition, the econom
competing processes, and the availability of a suitable market fq
product. . - -~ )

Biomass conversion, or simply bio conversion can take,
formes ;- (1) direetcombustion, such as wood waste and bagasse (s,
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cane refuge), (2) thermochemical conversion, and (3) biochemicy)
verslon.

Thermochemical conversion takes two forms : gasifi,
and liquefaction, Gasification takes place by heating the biomas;
limited oxygen to produce low heating value gas or by reacting it
steam and oxygen at high pressure and temperature to produce e
heating value gas. The latter may be used as fuel directly or e
liguefaction by converting it to methanol (methyl alcohol CH,0
ethanol (ethyl alcohol CH3CH,;OH) or it may be converted t,
heating value gas.

Biochernical conversion takes two forms. Anaerobic digesti
fermentation. Anaerobic digestion involves the microbial digest
biomass. (An anaerobe is a micro-organism that can live and
without air or oxygen, it gets its oxygen by the decomposition of f
containing it). It has already been used on animal manure buj
possible with other biomass. The process takes place at low tempe:
upto 65°C, and requires a moisture content of at least 80 per ¢l
generates a gas consisting mostly of COy and methane (CH!
minimum impurities such as hydrogen sulfide. The gas can be H,
dlreFtly or u'pgraded to synthetic natural gas by removing the (!
}zlgeul;';lgl;l;l;sr.nzlll? re;idue may consists ofprotein—rif:h sh‘xdge ti‘,‘
by Bt e techn‘ee and liquid effluents that are biologically .

lques and returned to the soil. 7

Ferme i . ‘!
organic ntation is the breakdown of complex mole¢ s
compound under the influence of a ferment <uch 2,

bacteria | ,
e S .
» ENzymes, etc. Fermentation is a well-established a8° 1

used technology fo e
1' the C 3 . & r‘c i Cr l‘
ethanol. About 500 m onversion of grains and sugad' =

- illion gal ethanol . r were P'S
n the limj al ethanol per year by 1985, o
1@ limited states by the use of surplus gain. It is intended
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:1 gasolime o produce gisohiol (90 percent gasoline, 10 percent
banoll. This process requires high cost and high energy required. One
sme considered for reducimg costs of ethanol production by fermen-
,: on 1< 1 fimdingg less expensive grains or sugars and a process that
biires loos energy. Glucose produced by hydrolysis of an abundant
Brohyvdrate polvimer ealled higno cellulose is heing considered for the

Romass enerpgy coneepts under study are resulting in the cul-
of Targe forests m areas not smitable for food production. The
o be harvested by automated means, then chipped and

P tor burming in a power plant that would be located in the

.4 ]

»

S0 1. Wetl Processes
- ST

bie digestion: Biogas is produced by the bacterial decom
wet sewage sludge, animal dung or green plants in the
o oxygen. Feedstocks like-wood shavings, straw, and refuse
used, but digestion takes much longer.’ The natural decay
)--ss, ‘anaerobic decomposition’ can be speeded up by using a thermally
slated, awr-tight tank with a stirrer unit and heating system. The
¢ collects 1n the digester tank above the slurry and can be piped off
tinuously. At optimum temperature (35°C) complete decomposition
=nimal or human faces takes around 10 days. Gas yields depend
ticallv on the nature of the waste-pig manure, for example, is better

~weight) can be expected to yield 450-500 litres of biogas (9-12 MJ)
ztmospheric pressure in a modern batch or continuous feed unit—one
v 2 half to two digester vclumes of gas per day. The residue left after
pestion 1s valuable fertilizer/ It is also rich in protein and could be

ied and used as animal feed supplement;

Fermentation. As stated, ethanol (ethyl alcohol) is produced by
- {ermentation of sugar solution by natural yeasts.After about 30
irs of fermentation the brew (or ‘beer’) c\ontains 6-10% alcohol and
15 can readily be removed by distillation)Traditionally, the fibrous
tidues from plapt crops like sugar cane bagasse have been burnt to

n cowdung or household refuse(Each kilogram of organic material
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ovide the heat. Suitable feed stocks include crushed sugar cane and |

ct, fruit ete, Sugar cane also be manufactured from vegetable starches
d c:ei,lul_osé/, maize, wheet grain, or potatoes,\for example, must be
ound or pulped and then cooked with enzyxngs to release the starch
d convert it to fermentable sugars. Cellulose materials like wood,

Per waste or straw, require harsher pre-treatment typically milling.
,:.d hydrolysis with hot acid/One tonne of sugar will produce upto 520
'es of alcohol ; a tonne of grain, 850 litres and a tonne of wood, an :-:
"Mated 260 to 540 litres. After fermentation, the residue from grains .
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and other feed stuffs contains high protein content and is a useful
cattle-feed supplement
The hyvdrolysis and distillation steps require a high energy input ;
for woodyv feedstocka direct combustion or pyrolysis ia probably more
productive at present, although ateam treatment and new low-energy
enzyvmatic hyvdrolyvesia techinigues are under development. The ener@
requirement for distillation is also hikely to be cut dramatically. Alecohol
can be separated from the beer by many methods which are now under
intens=ive development. These include solvent extraction, reverse os-
mos=. maelecular sieves and use of new deasicanta for alecohol dryving. It
Cbe possible to ialve the energy required for alcohal production
fnee a preater net energy gain.
emical reduction: Chemical reduction 1s the least developed
e wet biomass conversion processes. [t involves pressure— -cooking
srimial wastes or plant cellulosic slurry with an alkaline catalyst in the
rresence of carbon monoxide at temperatures between 250°C and
400°C Under these conditions the organic material is converted into a
xture of oils with a yield approaching 50%: If the pressure is reduced
i the temperature increased,(—thgﬁpr-e}iuct is a high calorific value gas,

7.2.2. Dry Processes
Pyrolvsis. A wide range of energy-rich fuels can be produced by
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i e:. Into a reactor vessel or retort in a pulverised or shredded form and

. heated in the absence of air. (Air would cause the products of pyrolysis
Ef 1o 1gnite). As the temperature rises the cellulose and lignin break down
. o simpler substances which are driven off leaving a char residue
- behind. This process has been used for centuries to produce charcoal.

A The end products of the reaction depend critically on the condi-
~ tionsemployed ; at lower temperatures—around 5900°C—organic liquid
- credominate, whilst at temperatures nearer 1000°C a combustible

R

mixture of gases results.

Liguefaction. Liquid yields are maximized by rapid heating of
the feedstock to comparatively low temperatures. The vapours are
condensed from the gas stream and these separate into a two-phase
liguor : the aqueous phase (pyroligneous acid) contains a soup of
water-soluble organic materiajs like acetic acid, acetone and me\thzmo\
(‘wood alcohol’) ; the non-aqueous phase consists of oils and tars. These

- crude products can be burnt (with some difficulty), but it is usually more

_ profitable to up-grade them to premium fuels by conventional refining

- techniques.

- Other pyrolysis products include fuel gas—essentially carbon-
+ monoxide and hydrogen and carbon char. The gas is generally burnt to
“maintain the temperature of the reactor ; the char can be manufactured
‘into briquetts for use as solid fuel.




" e of small quan-
. +ied out in the pr‘esen_ ) or hydrogenh
Pyrolysis can also be carried o («team gasification /=
tities of oxygen (‘gasification’), water (‘stez dvery
(‘hydrogenation’). o roduces fuel gas 2{25 s to
Gasification. Pyrolysis ofwcft, blOnlr.lS;gximising gas yle 4 to
little liquid.. An alternative technique fc.)rt the reactor vessel a food
blow small quantities of air or Oxygcﬂﬁ l«n ;;1- is causes part Of the i
increase the temperature to over 1 000.(-/‘ . 1hqs a low calorific va 1
to burn. Fuel gas from air-blown gasifiers '“rt nitrogen gas overa
(around 5 MJ/m*) and may contain upto 40% ine en-fed systems has
\\'wids of 80-85% can be expected/Fuel %as fro.m OX.Y%an oither be burnt
a medium calorific value (10-20 MJ/m")., This gas e) or methanol by
orconverted into substitute natural gas (methan

o+

can be
: round 50%
standard catalytic processes. Methanol yields of a

achieved from biomass.

. ood
Stearn-gasification, Methane is produced directly {I}‘lol—l'xn ;:ogei
matter by treatment at high temperatures and pressures wi . 3(; e

as. The.hydrogen can be added or, more commonly, generate i
.:eactor vessel from carbon monoxide ¥And steam. Recent ani ¥y :
suggest that steam gasification is the most efficient I‘Ol..lte to xn.et anol.
Net energy yields of 55% can be achieved although higher yields are
likely in the future as the technology is developed.

Hydrogenation. Under less severe conditions of temperat.ure and
pressure (300-400°

-

and refined to premium fuels.

Many countries are actively

blomass liquefaction and gasific

developing commercial processes for
ation

1 ” pProduce the electric power, (Such an “energy
Plantation” would be g renewable reso :
harnessmg solar ene

solar energy co
¢y of the conv

ared to 10% for

nversion in plants

ersion sunlight to
phcto-volta:. . 115
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— : | ‘ ount of heat ..
treaks at high temperature, releasing an am it e

112,000 cal/mole. | ﬁ
HoCO + Oy —— COy + HyO + 112 keal/mgle |
The absorbed energy ot photons should be atleast equal :
amount. It is, therefore, possible to produce large amount !
bohydrate by growing say, algae under optimum conditions in i
tubes or in ponds. The algae could be harvested, dried and burr1
production of heat that could be converted into electricity by o
tional methods.

Thus photo-synthesis consists ir.
bohydrates such as sugar etc. in the green leaf in presence of su
The oxygen liberated is from H50 molec

ule and not from CO,
process is called as carbon fixation or carbon assimilation. Phos

thesis is essentially a reduction and oxid ztion process.
The process of photosynthesis has two main steps -

(l) Splitting of HZO Inolecule mtO H2 and 02 under them
of Chlorophyll and sunlight. This phase of reaction is called th
reactior L. In this phase of reaction, light absorbed by chlorophyll
photolysis of water. O, escapes and Hy 1s transformed int
unknown compounds. Thus solar energy is converted into p
chemical e/‘lergy. |

(t)){In the second phase,
known compound to CO, to for
°F sugar are dark reqe

building up of simpl

hydrogen is transferred fromt
. o
m starch or sugar. Formation?
. o . N\
tion not requiring sunlight)
The conditions necessary for

¢S Light.f_’lOne of t
the» Intensity of solar rag

e

photo-synthesis are :

: . - . eadus ¥
he important m>outs for biomass p! ‘?; N

iation only a part of this enereyv (40-1

—



et i . et s

xppruprini.o wavelength (400.-

plants u e radiations he
Fay s actunlly used i phe
o-synthet it‘;lll}“ active
o-synthesis effie
- (D) U0, (\!ru‘c"nfrufi()n.i Carbon
rial tor photo-synthe
'~(). However,

700 A" to produce photosynthesis.
tween 400 to 700 A° only a part of this
tosynthesis. This range of light is called

_ radiation (PAR). The upper limit of the
lency is about 57,

dioxide is the primary raw _
| 818, COy constitutes about 0.03% of the atmos-
‘ it CO, availability g Increased artificially, linear
l rase i the vield of several crops, upte a limit, have been observed.

: thods of mcreasing biomass is by supplying addi-
121 COs to the plants. The main sources of COj; are :

fice one of the me

() anmmal respiration,
(1t combustion of fuel,

(1 the major source is the decay of organic matter by bacteria,

U1 ocean also is an important store of COg,much of which comes

i photo-synthesis by plants. Respiration of marine plants and
ial releases CO, into the water,

(3) L'ernperature. Photosynthesis is restricted to the temperature
Rge whica can be tolerated by proteins, i.e. 0°C to 60°C. Although
pto chemical part is not affected by temperature, but biochemical
I't, controlled by enzymes, 1s high.lyyfitive to temperature.
2otosynthetic Efficiency

Efficiency of a solar energy utilization by biomass route obviously
ery important parameter. The energy stored in the plants by way of
rbon fixation in the form of chemical bond energy when expressed as
raction of total insolation falling on the plant, it is called as photosyn-
jetic efficiency. This can be explained by taking a specific case as
Hows :

Let us consider that the energy received by a surface at sea level
1100%.

Solar energy received ...........ccccvevinennnn. = 100% vea(E)
Photosynthetically active radiation (PAR)... = 50% of (i)

Losses due to transmission and reflection from

leaf surfaces .....ooovvveevvveiverenennn, = 10% of (2) -

~. Net energy available .......c.ccocooericnniiinins = 40% of (i

23% of the net available energy 1s converted :
INto carbon fiIXation ....cvvenvrieeeenneenenen = 293’270 of net energy

~ i 1 ous
40% of thus fixed carbon energy is again lost due; tohs?;:ltﬁeesm
®SPIration process which is just the reverse process ol photosyn
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- Final net trapped energy = 0.6 x 9.9

5.52% of insolation.

This table gives only a specific case. However in literature we
find that photosynthetic efficiencies have been quoted from 0.1 to 5%.
This variation is mainly because of two reasons :

(1) There is a wide variation in efficiency from piant to plant.

(1) There are two basis which are bein
eflficiencies. Some people ¢
independent of the

g used for calculation of
alculate it on the basis of yearly insolation
duration of maturity of a given crop. For exa
even if a particular crop matures in 3 months, the chemical energy
stored 1s presented as a fraction of the total insolation throughout 12
months. On the other hand some efficiencies stated are based u

pon the
insolation received only in the duration of maturation of a particular

p/‘-\:.‘ ,.-7

o

mple,

7.4. Biogas Generation *

Introduction. Biogas, a mixture containing 55-65 percent
ethane, 30-40 percent carbon dioxide and therestbeingthe Impurities

H produced from the decomposition of

Hz. H:S, and some Nj), can be
animal, plant and human waste. It is a clean but slow burning gas and

usually has a calorific value between 5000 to 5500 kcal/kg (20935 to
23028 kd/kg) or 38181 kJ/m?®. I= can be used directly in cooking, reducing
the demand for firewood. Moreover, the material from which the biogas
is produced retains its value zs a fertilizer and can be returned to the
soil. Biogas has been popular on the name, “Gobar Gas” mainly because
cow dung hag been the material for its production, hitherto. It is not
only the excreta of the cattle, but also the piggery waste as well as
poultry droppings are very effectively used for biogas generation. A few
other materials through which biogas can be generated are algae, crop
residues (agro-wastes), garbeage kitchen wastes, paper wastes,
wood, human waste, waste from sugarcane refinery, water hyacinth
etc., apart from the above*tmentioned animal wastes. Any cellulosic
organic material of animal or plant origin which is easily bio-degra-
dable is a potential raw material for biogas production.

Biogas is produced by digestion, pyrolysis, or hydrogasification.
Digestion is a biological process that occurs In the absence of oxygen
and in the presence of anaerobic organisms at ambient pressures and
temperatures of 35-70°C. The container in which this digestion takes

sea

- place is known as the digester.

Anaerobic digestion. Biogas technology is concerned to micro-

. organisms. These are living creatures which are microscopic in size and
“‘are invisible to unaided eyes. These are different types of micro-
“organisms. They are called bacteria, fungi, virus etc. Bacteria again can



T _heneficial bacteria and harmful bnctermi‘ Pt &
Y les of ' ¢
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lk»':::?i(;\:\’Inl:;‘x}jtl-:‘\x}-wi;:lHm‘t.ori:\ causing chr)lera,‘typhmd,» dlp‘h'th.ema are
of harmful bacteria. This type of bacteria which causes -

Cin animals and human beings is called pathogen. ;
ided into two major groups based on their
nce of oxygen are called

s oxygen are called

examples
Jdisease botl
Bacteria can be div
oxveen requirement. Those which grow in prese
e . the others grow in absence of gaseou
- erodic. When organie matter undergoes fermentation (process of
smical change in organic matter brought about by living organisms)
(reush anaerobic digestion, gas 18 generated. This gas is known as
cos Biogas is generated through fermentation or bio-digestion of
ous wastes by a variety of anaerobic and facultative-organisms.
ive bacteria are capable of growing both in presence and
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absence of air or oxygen.
Aerobic and anaerobic fermentation can be used to decompose

organic matter. Normally aerobic fermentation produces COg, NH3, and
.all amounts of other gases along with a decomposed mass and

evolution of heat. Anaerobic fermentation produces CO,, CHy, Hj and

traces of other gases along with a decomposed mass. Aerobic fermenta-
¢tion is used when the main aim is to render the material hygenic and =
to recover the plant nutrients for reuse in the fields. The residue is rich 3
in C, Ng, P, K and other nutrients. In & biogas plant the main aim isto
generate methane and hence anaerobic digestion is used. Here the
complex organic molecule is broken down to sugar, alcohols, pesticides

and amino acids by acid producing bacteria. These products are then
used to produce methane by another category of bacteria.

‘ As already mentioned the treatment of any slurry or sludge
contamn}g a large amount of organic matter, utilizing bacteria and
other micro-organisms under anaerobic conditions is commonly
rr.aferre.:d to as anaerobic digestion or simply digestion. This anaerobic
digestion consists broadly of three phases : ‘

" (i) Enzymati? h;)fdrolysis..Where the fats, starches and proteins
con ame'a‘d in cellulosicbiomass are broken down into simple compounds
. ang;)rA;zd formatifln. Where the micro organisms of facultative

obic group co ] 1 :
formont. are bri enp}co simelVEIy called as.amd fesrmers, hydrolyse and
As a result complen o ple compounds into acids and volatile solids.
chemical simpl organifam'cd compounds are broken down to short
aclds. In some cases, these acids may be

mn
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(CH,) and CO, by the bacteri,
called methane ferine

;1) Methane form atrorn.
then converted into methane ¢
ctrictly anaerobs. These hacteria are nE

: acid formers and methane fermer, @Y

efficient digestion these fern ‘
remains in a state of dynamic equilibrium. This equilibrivm §

critical factor which decides the efficiency of gnnernt,ir;n, [t
demonsirated that the methane formers are sensitive to pH chi#
pH value between 6.5 to 8 is the hest for fermentation and no
production. [f organic acids are formed at a faster rate than thig
population of methane formers can assimilate, then the accy
de will reduce the pH to levels unfavourable to methane fo

In controlled waste digestion the environment must |
tained suitable for the continued growth of both acid fory
methane-forming bacteria. The proper environment req,
balance between the population of organisms, food supply, tem,
»H, and food accessibility. Digestion processes are being im.
‘he conditions which influence organic metabolism are hety,

adi

+hese conditions.

‘.
esses and energetics. The general eqit
£ 2l
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anaerobic digestion 1s

z .
CQHﬂk+(x-%—§th0

g

o
o P

_(z_ ¥,z x .y _z)
(2 8+4)002+(2+8 4)&%.
For cellulose this becomes ;
(CngOQﬁ)n + nH20 — 3n COZ + 3n CH; |

_ Some organic material (e.g. lignin) and all inorganc}
do not digest. These add to the bulk of the materia!, form &
can easily clog the system. In general 95% of the mass of U8
is water. The reactions are slightly exothermic, with t_vp‘f?
reaction being about 1.5 MdJ per kg dry digestible mﬂte“ff
about 250 kdJ per mole of CgH;(Og. This is not sufﬁcientt052

affect the temperature of the bulk material. 8
If the input material had been dried and burnt, &

. ol
combustion would have been about 16 MJ/kg only 10%of lg
. . T

heat of Fombustwn need be lost in the digestion Prowzn b
conversion efficiency. Moreover very wet input has fﬁhe?j@‘
give a highly convenient and controllable gaseous J PP
of 95% aqueous input would have taken a further > .
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‘]'lg time in\r,('»lvml, ancd GO conversion 1s common. Gas y181d is
0.2 to 0.4 m” per kg dry digestible i g G .
-1.'0'“ te'thd ' pe ]\.k‘ dry d,]g"“‘“m% mput at STP, with throughput
it 5 kg diy digestible solid per m*® of liquid
“ is generally considered that three ranges of temperature
P parficular types of bacteria. Digestion at higher temperature
i1s more rapidly than at lower temper ] ; )
g at about every 5°C increase. The temperature ranges are (1)
philic, about 20°C, (2) mesophilic, about 35°C and (3) ther-
5 - . TR . s i . . - ) . ' "
Lic, about HH°C. In tropical countries unheated digesters are likely
s average ground temperature between 20 and 30°C, Consequently
@estionas psicrophilic, with retention times being at least 14 days.
er climates the digesters have to be leated, probably by using
the biogas output, and a temperature of about 35°C is likely to
.1 Few divesters , : .
sen. Few digesters operate at 55°C unless the purpose is to digest
al rather than produce excess biogas.

The biochemical processes occur in three stages, each facilitated
inct sets of anaerobic bacteria :

-

1. Insoluble biodegradable materials, e.g. cellulose, polysac-
es and fats, are broken down to soluble carbohydrates and fatty
T'his occurs mn about a day at 25°C in an'active digester.

| 2. Acid forming bacteria produce mainly acetic and propionic
his stage likewise takes about one day at 25°C.

. 3. Methane forming bacteria slowly, in about 14 days at 25°C,
te the digestion to ~ 70% CHy, ~ 30% CO, with trace amounts of
i perhaps H,S. Hy may play an essential role, and indeed some
ia (e.g. clostridium) are distinctive in producing Hy as the final
Et.

The methane forming bacteria are sensitive to pH, and condi-
L ould be mildly acidic (pH 6.6 to 7.0) and certainly not below pH
itrogen should be present at 10% by mass of dry inp.ut, 'and
horus at 2%. A golden rule for successful digester operation 1s to
win constant conditions of temperature and suitable input
:al As a result a suitable population of bacteria is able to become
ished to suit these conditions. ' .
When comparison of methane percentage from dlf:ferent organic
was done for example cowdung. Poultry c'lroppmg &mtcr1 darry
scum, then best result was observed 1n dairy waste. 75 ;o 79
ine percentage found in dairy waste biogas while i cowdung,
i was only 65 percent. - |
lAdvantages of anaerobic digestion.
tages of anaerobic digestion. '

' 1. Calorific valie of gas. One of the main
a biproduct the biogas which has a ca

There are number of

benefits is the produc-
lorific value and can



gy source to produce steam or hot water.
is very important for dairy

therefore. be used as an ener
Because in dairy industries energy source
blem of gas storage or supply, but gas can be

use, so there is no pro
directly useful in heat energy.
o New sludge production. The conversion of organic matter to

results in a smaller quantity of excess

‘methane and carbon dioxide
Stable sludge. In the case of municipal digestion the main

sludge.
or their installation was to produce a non-putrescable and

]
3.

reason f )
inoffensive sludge and 1n many cases only a proportion of the gas

produced was utilised.
i i Low running cost. There is no airation in the anaerobic
ireatment naturally in this digestion, running costs are a quarter of the

equivalent aerobic system.

5. Low odour. Since the system is enclosed the odours are
contained. Compounds which are responsible for odour are broken down
during digestion. The only slight odour of hydrogen sulphide normally
presents in gas. However if the gas is burnt the problem will not arise.

6. Stability. A well adapted anaerobic sludge can be presented
unfed for a considerable period of time without appreciable deteriora-

tion.

7. Pathogen reduction. Work has shown that passage of the
effluent through the digester reduces the number of pathogens present,
so reducing subsequent disposal problems. '

8. Value of sludge. The cases where aerobic sludge is treated

anaerobically the resultant sludge hasa higher nitrogen content giving
it increasing value as a fertilizer. It has also been reported that the

sludge acts as a soil conditioner.
_ 9. Low nutrientrequirement. As a consequence of the low produc-

‘Bééteriafgolidg the nutrien§ requirement is also low.

tiprf of the I
In addition using of biogas in industries will curtail the con-

sumption of coal. Ifbiogas is used instead of coal in boilers, it will lessen

—
-~

the air pollution. - ///,,»-«—\
75.F rs Affecting Biod{gestion or Generation of Gas
— i

The following are the factors that affect generation of biogas :

(1) pH or the hydrogen-ion concentration

(2) Temperature 2
(3) Totalsolid content of the feed material

(4) Loéding rate
(5) Seeding




6) Uniform feeding
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rogeri1on concentration. pH of the alurey rhanges a:
=stages of the digestion. In the initial acid formation stage in the
tation process, the pH is around B8 or less and much of CO, 18
7w the Jatter 2.3 weoks time. the pPH increases as the vnlatile

N compounds are digested and CHy 1s produced. To mainta:r
upply of gas, 1t is necessary to maintain a suitable pH range

“he digester is usually buffered if the pH is maintained between
v 1 thi= pH range, the micro-organisms will be very active and
cpestion will be very efficient. If the pH range i1s between 4 and 8 it
“alled acadic. If it is between 9 and 10 it is called alkaline. Both these
are Jeterimental to the methanogenic (Methane production) organisms.
“ =hould always be remembered that there should not be any sudden
smsetin the pH by the addition of any material which is likely to cause
zr. imbelance in the bacterial population.
The ideal pH valves for digestion of sewage solids are reported
“c bein the range 7 to 7.5. But a slightly higher value of 8.2 has been

reported to be optimum for digestion of raw animal or plant wastes.

2. Temperature. Methane bacteria work best at a temperature
“inetween 35°--38°C. The fall in gas production starts at 20°C and
“ops atatemperature of 10°C. At one experiment 2.25 cu m of gas was

produced from 4.925 m® of cattle dung everyday when the digester
temiperature was 25°C. When the temperature was raised to 28.3°C,

the gas production increased by 60% to 3.756 cu m/day.

There are two significant temperature zones in anaerobic diges-
tion. These have heen studjed in some detail for digestion of sewage
sludges for 904, digestioy, Fig. (7.6.1) shows the time required for 909
digestion at various ten'jpera’tureﬂ, and the two temperature zones. It
has been established t}at two types of micro organisms, mesophilic and
thermophilic are responsible for digestion at the two temperature
ranges. The optimum mesophilic temperature lies at about 35°C, while
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The gas productlon starts falling very steeply when the L

ture goes below 20°C and almost stops at 10°C. Gener A“\ 1 s b
maintain the temperature of the digester at the mesopluhe 3
d

than at the thermophilic range. v
'(":

In addition to ambient temperature, other weathers
also influence the gas generation niz.

() Wind velocity (chill factor)

(6) Sun shine dlrect]y availahle to keep the dome at ¢
temperature

g e

( 9) T.YD of food c1ven ta eattle (111 case of G ohi



7.6. Llasqlflcatlon of Biogas Plants

P : : p—
Biogas plants are mainly classified
AS

(1) Continuous and batch types (as per t}
’ e

(2) The dome and the drum types

(3) Differcut variations ur thedrmm-ty
8¢ NS ST

Proc Cegg)
DY



Continuous and batch typos
(ar € frppriitt s it { There ya g vngle digester in which raw
firarind rpe Iyovr gredd regrrlarls arved tiye Proceas gaes aonn without inter-
_.';‘t"“.” axcept for repare and cleaning et. Inthiacane the raw material

actherwine thoroughly mixed with the
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\ N a single stage continuous
efer Fig (7.6.1))
I -
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_ j——=CUM LAYER - SUPERNATANT
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——y
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WLET T DIGESTING
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e
DIGESTED
\SLUDGE SLUDGE OUTLET

Fig. 7.6.1. Schematic of siggle process conventional digester.

(t1) Double stage process[The acido genic stage and methano genic

“tage are physically separated into two chambers. Thus the first stage

“facid production is carried out in a separate chamber and only the

Jiluted acids are fed into the second chamber where bio-methanation,
takes place and the biogas can be collected from the second chamber.

{M” Fig. 7.6.2. Considering the problems encountered in fermenting

Ubrous plant waste materials the two stage process may offer higher

Potential of succeys. However, appropriate technology suiting to rural
India i needed (o be developed based on the double stage process.

vy . . v
I'he main features of contimuous plant are that :

(1) It will produce gas continuously ;

(2) It requires small digestion chambers ;

e A
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Fig. 7.6.2. Schematic of two-stage digestion process.

‘5) The batch Plant. The feeding is between intervals, the plant
i« emptied once the process of digestion is complete. In this type, a
batterv of digesters are charged along with lime, urea etc. and allowed
to produce gas for 40-50 days. These are charged and emptied one by
-ne in a synchronous mannerwhich maintains a regular supply of the
cas through a common gas holder. Sometimes the freshly charged
digester is aerated for a few days after which it is closed to atmosphere.
The biogas supply may be utilised after 8-10 days. Obviously such a
plant would be expensive tg install and unless operated on large scale
it would not be economical./Such systems have been generally installed
in European countries. Their installation and operation being capital
and .zbour intensive. They are tozally unsuitable \f\or Indian conditions,

N\

except when it is taken as a commercial venture.

The main features of the tatch plant are :
(1) The gas production in it, is intermittent, depending upon the
clearing of the digester.
(i) It needs several diges=ers or chambers for continuous gas
production, these are fed alternately.
(111) Batch plants are good for long fibrous materials.
(iv) This plant needs addition of fermented slurry to start the

digestio‘p process. There may be a direct change to the acid phase 1t
‘absence of the fermented slurry, which affects formation of methane.



. . . A ively, the
(@) This plant is expensive and has problems comparativ y;,ic o
: : N : a 1) ¢ PR
continuous plant will have less problems and will be easy for oper

r el
2. The dome and the drum typcs(}‘herc are numerous models
of a biogas plant mainly two main types are usually used :

(1) The floating gas holder plant and other is
(11) Fixed dome digester. - :

The floating gas holder digester which is used in India is known e

as KVIC plant. The fixed dome digester is called the Chinese plar;_t’,.,; {f

There are different shapes in both thegesigns, cylindrical rectangular,

spherical ete. Again, the digester may be vertical or horizontal. They
can be constructed above or underneath the ground. The floatipg gas
holder digester developed in India is of masonry construction with the
zas holder made of M.S. plates. The gas holder is separated from the

digester. Rusting of the gas holder as well as the cost of the gas holder &

are the main drawbacks of this system. =
. In the fixed dome digester, the gas holder and the digester are E

combined. The fixed dome is best suited for batch process especially =
when daily feeding is adopted in small quantities. The fixed dome 2
digester is usually built below ground level and is suitable for cooler
regions. Local materials can be used in this construction. The pressure

inside the digester varies as the gas is collected. This is not found to
cause any serious problems in small plants.

-

3. Different variationsinthe dru type. There are two main
‘variations in the floating drum design. Ofe with water seal and the
other without water seal. Water sealing makes the plant completely
anaerobic and corrosion of the gas holder drum is also reduced. The
other variations are of materials used both in construction of the
digester and the gas holder. Bricks and stones are the commonly used

materials. Iso used in the construction of

The horizontal plants are suite
rocky areas. These are not recommen
days. Cylindrical shape of the digester is preferred because cylinder hag
no corners and so that there will be no chances of cracks due to faulty

construction. This shape also needs smaller surface area per unit
volume, which reduces heat losses also.. Morepver the scum formati;m
may be reduced by rotéting gas holder in the cylindrieca] dicastar

d for high ground water level or
ded when retention period is 30
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7.7. Advantages and Disadvantages of Floating ])1,“_“‘
~~W\\~. 3

S/
SAdvantnges:

(1) It has less scum troubles because solids are

49

submerged. <
«9) No separate pressure equalizing dnvimf needed o |

waste iz added to the tanlk or (Ii;tvﬂtml ilL‘l..b‘ viH wnthdraw@

() In it, the danger of mixing oxygen with the gas e

explosive mixture 18 minimized.
\(‘ﬂq“ﬂ'h“" gas production per cu m of the Qigcsl,czl‘X

\ 8

“\\"‘H é(‘\'l‘\{
5 Floating drum has welded braces, which help in bra
. .

m (floating matter) by rotation.
(8) No problem of gas leakage.
47) Constant gas pressurg.S
Disadvantég‘qu ‘
( (D1t has hig,he;'r;g?st, as cost is dependent on stee| ang
(2) Heat is lost through the metal gas holder, hence -
in colder regions and periods. ,
(3) Gas holder x:equires painting oice or twice a year, g,
on the humidity of the location. '
(4)(Flexible pipe joining the gas holder to the i)
equires maintenance) as it is damaged by ultraviolet rays i

i
e
-

[

4

[t may bg twisted also, with the rotation of the drum for i

s

removal. ) |
7.8. Advaniages and Disadvantages of Fixed Dome T}@;
Advantages :
.(/]/)//It has low cost compare to floating drum type, asit.
cemerit and no steel.
(21t has.no corrosion trouble.
(3) In this type heat insulation is better as constr‘l-_?;
beneath the ground. Temperature will be constant.
(4) Cattle and human excreta and long fibrous stalks¢

(5)No maintenance.
Disadvantages :

(1) This type of plant needs the services of skilled e

are rather scarce in rural areas. &

{2] Gas production per cum of the digester volut’ ° ig

k8) Scum formation is a problem as no stirring art?

Mlt has variable gas Pressure)

&
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fixed dome digester, the gas holder and the digester are combined. The
family size biogas plants available today in India are broadly of two
types. The Khadi Village Industries Commission (KVIC) model and
Janta model which are shown in Figs. (7.9.1) and (7.9.2) The KVIC
plant is of steel drum type or floating gas holder design, In which the
digestion takes place in a masonry well and the drum floats as the gas
collects and is taken out from: the t',op.')
/ The Janta model or fixed dome digester (also called Chinese
plant) 18 a drumless type similar in construction to the KVIC model
except that the steel drum is replaced by a fixed dome roof of masonry
construction. The floating gas holder digester developed in India is of
masonry construction with gas holder made of M.S. plates. The drum
in the KVIC model is the costlizst component and its life is comparatively
less (about 10 years). The dome roof in the Janta model requires
specialised design and skilled masonry construction. A poorly
constructed roof generally leads to leakage from top and junction of the
roof with the digester wall, thereby causing drop in gas yield. The
overall cost of both types varies from Rs. 5000 to Rs. 15,000 depending .
upon the capacity of the biogas plant and subsoil conditions.

In addition to the aforesaid cost and construction material
problems, there are constructional problems which the farmers or
beneficiaries face{ The construction of biogas plants especially in Janta
type needs the services of skilled masons who are becoming rather
scarce in rural areas. [tis observed that plants constructed by unskilled
masons or untrained workers have structurally failed or unable to retain
dung slurry, gas or even both vshile the failure of such plants adversely
affects plants owne;? The prospective plant owners are seldom sure
about the correct chSice of the plant. Besides the construction of the
plant, there are some operational and maintenance problems which

almost hinder progress of biomass development.

Fig. (7.9.3) shows a flexible bag digester. The digester is made
of plastic material and can be easily installed. The short life of the
. material due to the effect of ultraviolet rays is a main drawback.

J[OKWGAS PIPE
LEVELLED

SURFACE A —~ — — — = = = ——— — [
~INLET]| & H |l-OUTLET

e ey e e G G oot Gemmmm vm—

TS ey e s et emmn | me— m—

e mevormn e em—— ——— e

S e v eee— — Omm— Gy S e—

Fig. 7.9.3. Flexible bag type combined digester/gas holder.
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Fig. 7.9.4. Taper digester with floating gas holder (Nepal).
When absolute segregation of the slurry is required a floating

gas holder with water seal is used. This construction is shown in
Flg. (7.9.5).
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iz, 7.0.5 (a) Digester with floating gas 1,4,
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it through centre guide frame.

Fig
arrangement and gas eXx

!/Tn order to avoid the depth of the digester a sq,
 <tpaction had also been tried. This is shown 1 Fig. (7.9

-f plant did not prove successful due to clogging.
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Fig. 7.9.6. Two-chamber rectangular digester with floatis &
and water seal (Philippines).
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, A very simple type of digester using oil dr
Fig. (7.9.7). These are best suited for research purposes

In many situation separation of the gas {rom th ‘
ts are”

b
( ;2118found to be advantageous. Such arrangeme? Lo
.9.8) and (7.9.9). In this digesters gas is let to a sepat p

tlle 1 . . UK

ﬂogtmg gas holder and water seal. Though the!

conv R g o
enlences i this arrangement it is comparati’ -
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Fig. 7.9.7. Oil drum digester (Indonesia)
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G remOViIng the pipe arrangement and gas holder
TRE romd _ . S (7T ¢
support systeom ave shown i Figs, (7.9, 10) and (7.9.11),
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Fig. 7.9.10. Gas holder internal guide system.
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Gas holder external guide system Gas holcer external guide system
fixed to the earth (for large sizes) fixed to digester wall.
Fig. 7.9.11.

\_The different design variations of family type biogas plants
avallable at present in our country include :

1. KVIC (Khadi and Village Industries Commission) design.

2. PRAD (Planning, Research and Action division) design
(modification of Chinese design).

3. ASTRA (Application of Science and Technology to Rural
areas) de51gn

4. Murugappa Chettiar Research Centre design.
5. Tamil Nadu Agricultural University dome tvoe desion
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the denstity of the straw material approaches unity as it undergoes
fermentation. It becomes less and less prone to floatation and tends to
remain suspended in water. However, it does not settle down at the
bottom.

Pilot Plants Using Plant Wastes. There are many wastes such
as paddy straw, or wheat straw, or water hyvacinth etc. which can be
utilized to generate biogas. A domestic biogas plant of 0.4 m® capacity
was developed and fabricated at Jyoti Solar Energy Institute Vallabh
Vid}'anagm' (Gujarat), which could be placed inside the kitchen and save
50% LPG requirements of a family. This plant uses water hyacinth
(Echhonia Gassipes), a water weed, available in many parts of India. It
Is a very fast growing aquatic weed. Its annual productivity is about
1050 tonnes per hectare of water surface. This waste can be fed into

blogas generator to generate biogas.

Physico-chemical characteristics of water hyacinth

Physical characteristics Percentage
(1) Moisture Q2.87
(11) Total solids 7.13
() Volatile solids 5.82
(b) Residue 1.31
“hemical characteristics
() Carbon 32.51
(1t) Hydrogen 4.22
(iz1) Nitrogen 1.78
(tv) Cellulose : 25.00
(v) Lignin 10.99
(vr) Carbon to nitrogen ratio 18.26
0.25

(vir) Specific gravity
Moisture and total solids are on wet weight basis and all other

1alysis are on dry wt. basis. From the above, we see that water
racinth has a very high content of moisture and 83 per cent of its total
lids are volatile. Its carbon to nitrogen ratio is 18.26 and cellulose
ntent is 25%. Which shows that it has a good potentiality for biogas
oduction.
The results of experiments on water hyacinth for bio-gas produc-
n are :
(1) Biogas production per kg of
Wet water hyacinth
(11) Biogas production per kg of
dried water hyvacinth

53.50 litres

750.61 litres



7.20. Fuel Properties of Bio-g: S | |
) Bi@_:‘;i:i ;:'(:"11(‘1':11.(-‘(‘1 l:)y anaerobic fern'lentatlorf of orgarmnic wast.es,

essentially contains Methane and carbon dioxide in large proportion

and has traces of other gases. The importance properties are as follows -

Composition (% volurne)
Methane 50—60
Carbon dioxide 30—45 |
Hydrogen 5—10
Nitrogen 0.5—0.7

Hydrogen Sulphide
and oxygen Traces.
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7.21. Utilization of Bio-gas /
The main products of the bio-gas plant are

manure. Blogas is a flammable gas. Methane 1s t
nortion in the gas and hence around 60 percent by vohume is only us:

fuel gas and org:
he only combust

) T

or combustion.

The biogas can be utilized effectively for Louschold
lighting, operating small engines, wtilizing power for prnLiLg L
chaffing fodder and grinding flour by using the already knc
technology. o

The utility of the gas in burners is well established. There
millions of homes today using this gas as fuel solely for cooking
poses. The burning of cattle dung has not only led fo national wast
of organic manure but has also caused health hiazard problems. [t
been estimated that 30 million chullas, besides consuming 133 mil!
tonnes of wood, are amongst the major causes of high incidence
respiratory diseases and trachoma of eyes of the women follk. The o
way of saving the house wife from the irritating smoke of the dungea
and wood is to popularise the use of biogas as far a posisible.

-

e

[ u,;/.'/

Low cost burners have been designed by engineers. A nozzl
needed for lamp and stove, which consists of hole in the size of nee
point (0.5 mm dia.) and the other end of the nozzle is connected to
gas supply hose from the digester. After the biogas enters the stove
lamp, it will spray out from the nozzle at a very high velocity and !
air surrounding this gas streams becomes a low pressure area. The
fore air is drawn into the mixing chamber ‘3111'01‘1p:h the air inlets tou
with the biogas. Fr.om the mixing chamber the bio-gas air mixtt
rushes to the openings at the fire sieve plate for combustion.
brightness and force of combustion of the stove and the lamp depend
the biogas pressure, the mixing ratio of biogas with . ir (appro¥. Lt
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1o the grid. This cex tainly will avoid the power cut situations
v Eleetrmeity could be produced directly by using bio-organic
or s the souree of fuel in a bio-chemical fuel cell. Air is injected ar
node as an oxtdiser and bio-organic matter at the anode as the

e electrolyte is usually an organic solution or an acqueous
i such as potassium hydroxide. The bacteria create new losses
“nsuming about half of the fuel. The consumption is necessary for
v nuiritional requirements. The electrical power output of a bio-
cmieat fuel cell 1s proportional to the bacterial metabolism rate. [t i=
=.1ble to serub the blogas by treating with sodium carbonate and
=thane. An experimment at IIT, Madras has shown that the flame
smnperature of the gas can be icreased upto 1000°C. This may be 1deal
or using the gas for brazing in workshop.

12 places of
an be produced and the same

Biogas can be used to operate both Cl (diesel) and SI (petrol)
ngines. C.1 engines can run on dual fuel (biogas + diesel) and pilot
rjection of diesel 18 necessary for 1gniting the mixture of air and biogas
vu‘;;ifif.: the cylinder. However the initial starting of diesel engine is'done
ou opure diesel. Spark ignition (SI) engine can be operated on blog;as
after anitially starting on petrol. The quantity of gasﬁre.quu'ed‘ for
cunning ol engines must be sufficient on an average \429 litres ot gis
s required per horse power per hour. Wm.e:r pump or (:lt“‘llg‘.l';itOlqtlall \‘ci
connectod to the engine, I a b HE engine s t:(w bg used im‘rs‘a.\' b‘m}ui
atleast 18 cubic metres of gas would be rm‘lu'\red per day. That m‘e'cmi1
at least 20 {0 35 animals are required for this purpose only. }O"B’It‘“{i
;,‘lb(_,\;(, this ens required for cooking or ighting ete. shall also have to be
provided for T s ines can he directly converted to use

The exasting diesel engines can be 0% of diesel
biogas, with o slight modification, saving thereby about ®bia ¢

TSI,
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Fig. 7.21.1. Modification required for operazing a stationary
S] engine on Blogas.

Modification of CI engine : Cl engine can operate on
and the necessary engine modifications incl
of biogas with intake air, advancing the 1nje
of a system to reduce diesel supply.

The entry of blogas and mixing of gas with inta
achieved by providing 2 mixing chamber below the air cl
facilitates through mixing of biogas with air before enterl

cvlinder. The arrangement as shown in Fig.
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o Bl engiines develop 85% of rated power wheresa ('

L ongmes
gaevelop full power on bi gas Thus application of biogas i1. Cl sngmne o
& better alternative

e} By reducing the CO; content in by

'8as, the sugine pertor
“iance 1¢ improved.

) The igmition tuning of SI engine using biogas 4 fuel s
“Ovanced by 4-6 degrees for better engine performance,
) The injection tming Clengines operating ondual tuel biogas

v dieseli shall be kept bstween 3].32° before TDC tur |
it

hall be

etter pertor-

1) 1t ae economical to use blogas in engine keeping ui view the
present Arend of crears 5, Prices of conventional tuel and their
shortuge.

In sewape treatment flants the gas is utilized as fuel for the
botlers thut supply hot water tor heating the digusters, tor umn}.ng Las
engines which mway be coupled 1o putips, blowers or generators The hot
water boilers are fired with biogas through natural-gasburners [nview




acteristics of biogas, the gas engine in which it 1s used, must
o adantedtoit. Ifmore than 0.25 to 1.07% of hydrogen sulphide
lie biogas, the gas should be scrubbed befere being burnt
~gine, since hydrogen sulphide make the biogas corrosive. For
<.-uhbing the gas should be passed through a chamber {illed with ferric
The other main product of the biogas plant in the porgore
.re. Thiscomes out at outlet as slurry which is quite rich in nitrogen
humus. It is in fully digested condition and is in a finely ditided

S =19
ek ma g

ccndition. It can be applied directly to the farm by mixing with irrigaticn
water. This way maximum benefit is derived from the manure because
nitrogen content of {fresh slurry is over 2% and it is in a condition avhich

nitrog
mixes with the soil very well.

When the slurry can not be used with irrigation water it can be
used for rapid fermentation of compost. The outlet slurry is led intc
channels which connects a number of pits. The vegetahle refuse like
grass, leaves, corncobs and all kind of waste material is dumped in the
pit in a layer on top of which the outlet slurry is allowed to spread o:
top of it, again further waste material could be piled and the proces
repeated until the pit is full. Another pits are also filled i the sam
manner. It is found that the large content of bacteria and the nutrier
material in the gas plant slurry accelerate the process of compostin,

By providing number of pits, the disposal of the manure becomes eas;
The gobar gas manure can also form a good organic base {
enriched manure, i.e. by enriching the manure with chemical fertiliz
3 r .- - : S 1 P
like ammonium sulphate, superphosphate ete. a very fine organic 2a

manure mixture could be produced.
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