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INTRODUCTION



CHAPTFR=-I

INTRODUCTION

BIO-GAS: EMERGY RECOVERY FROM ANIMAL WASTES

Due to present world-wide shortage of energy,
many alternative fuel sources are receiving attention,
Among these, anaerobic digestion of waste matter result-
ing in production of blo-gas, a valuable source of energy,

hag attracted universal attention in the recent past.

Blo=pas is the term used to describe a mixture
of pases which are produced when organic matter, such
as animol westes, is broken down or "digested" by bact-
eria in the absence of oxygen. This process is known
as "anaerobic digestion". Blo~-gas normally contains by
volume 50=75 percent of methane (CHh) and 25=50 percent
of carbon-di-oxide (CO,) with small amounts of other gases
such as hydrogen sulphide, carbon monoxide, hydrogen,
nitrogen ete. (1,2).

In an agricultural country like India, bilo-gas
can possibly be exploited to meet atleast the energy
requirements of rural areas. The blo-gas production is
neither capital intensive nor a highly technological
process, As such 1t holds promise for third world



nations like Indis.

Bio=gas plants in city sewage treatment plants
are called "sludge=-digesters". Other names for bio=-
gas are "bilhugas" in the Federal Republic of Germany,
"pgobar-gas" in India, "marsh-gas" in China and some

other regions (3,4).

It was the discovery, some 200 years ago, that
gages emitted from water-inundated marshlands were
combustible which led to the theory and currcnt practice
of gas energy recovery from the dec-mposition of or=
ganic materials in a liquid but oxygen free environment.
As early as in 1669, Shirley discovered marsh gas (5),
On Novermber 14, 1776 Alessandro Votta (6) wrote a
letter to a friend describing his unexpected discovery
that "combustible air" was being formed continuously
and in substantial quantities in all the lakes, ponds
and streams in the vicinity of Como in northern Italy,
The initial observation was made in Lake Verbano .
€hemical knowledge of those days did not permit the
characterization of Volta's inflammeble gas, This
vwas first accomplished in 1806 by William Henry (7),
who showed that Volta's gas was apparently identical
with the main constituent of synthetlc {lluminating

o
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gas which was later called methane., In 1808, Humphry
Davy (5) collected the gas from the decomposition of
atravy cattle manure, and thus the blo-ges research

'y
stgﬁed.

In the year 1868 Bechamp, a pupil of Louls
Pasteur, clearly showed that methame 1s perhaps formed
from aimple carbon compounds by action of micro-
organisms (8) and subsequently more adequebe proof of
the microbiological origin of methane was provided by
Tappeiner in 1882 = 1884 (8). It was only a few years
later, in 1896, that seuage gas was used for lighting
a strest in Exeter, Fngland (5)}. After the second )
vorld war, especially in recent years, in view of the
energy crisis, bilo-gas technology which is low cast
has been tapped for providing fuel for cooking, elect-
riclty and power for running ferm machinery as well
as hiph pgrade organic manures. Blo=-gas technology not
only helps in the utilization of animal and agricult-
ural wastes but also aids in maintaining proper sani-

tation in the villages.

The present energy generating systems in deve-
loping countries depend largely on local ressurces

such as wood, straw, or dung and vhatever fossil fuel



supplies are locally available (Table 1). In most
developing countries Including India the economic
base and the majority of the population are still
rural, and machinery that requires energy (especially
fossil fuel) is not heavily utilized., However, the
lack of cheap and adequate energy often hampers rural
develommcnt plan and retards improvement in the quality
of rural 1life. 3olving the problems of energy gene-
ration and distribution is central to luplementation
of plan far economic development, especlally in rural
areas. As imported fossil fuels become increasingly
expensive, the urges of developing alternative fuel

supplies from local materials are bound to growv.

An idecal energy source in rural setting would
be one that islocal in origin ond can produce energy
for heating, lighting, smell scale electric power
generaticn, and power for engines as nceded. Moreover,
where possible, it should also provide more energy
+han 1s now obtained from the same materials, Rural
areas usually have large suspllies of crop residues
and animal wastes theoratically suitable for convere
sion into a usable scurce of energy. The process
that appears to hold the greatest lmmediate potential

for utilization of these materials as s-urces of fuel



is "anaerobic fermentation" (Blo=gas).

TABLE 1

Main energy sources that could possibly be provided to

rural areas (9).

Tneray Houschold Lgriculture/Industry

source Cook- Light- Heat= Power! Trans Heat .
ing  ing  ing port  ener

Electri~ (X) X X

city

Coke,coal X X

Kerosene X X p ¢ X

Diesel X %

Gas X X X X

Wood X X %

Straw, X X X

vegetable

wastes, crop

realdues

Dung X p 4

Solar (x) (x) X

energy

Hydro X

Wind

Alcohol X X

1 Includes, for example, pump sets,

2 Incluies steam

MOTE1 (X) represents methodsthat are likely to be very
expensive, be of limited application, or need further
development.



In India the annual availability of cattle dung
excreted by 178.9 million cattle and 57,9 million
buffaloes is estimated to be about 970 million tonnes
wet dung (10). The potential bio-gas production
from the above cattle~dung would be about 65108 million
In'15 per annum at an average production rate of 67.1 m3
blo~-gas per ton wet dung. The bulk of the cattle dung
amounts to nearly 95¢ of the total animal and human
excreta avallable in India. Hence, the production of

bilo-gas from cattle dung digestion assumes prime impor-

tance in the rural energy context.

In the Indlan model of bilo-gas plant, cow=dung
slurry {cow=dung and water mixed in equal proportions)
is placed in 8 well made of cement and lined with
bricks. In the well, a drum is suzpended upside down
to create anaerobic condition for the decomposition
of organic materials (Figure 1) (5). On fcrmentation
the methane gas is evolved and is taken out by pipes

to the burners and used for cooking.

The gas produced during anaerobic digestiocn of
natural material consists of a mixture of notably methane,
CO,, small amounts of other gases, (in particular H,S
and Hy). IHethane is simplest and most abundant

(
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hydrocarbon and the chief constituent of natural gas,

The production of blo-gas in anaerobic fermentation
depends on the nature of orgenic materials. Cow~dung
is one of the best source of blo-pgas. Waste that accu-
mulate at high animal population feeding operations
conslst primarily of fecal material. They a%% may include
spillled feed, urlinary deposits, and hair. Fecal wasgtes
characteristics vary with animal diet, health, feed
preparation procedures, retention time of the wastes
before collection on pen floors, and the waste exposure (11-17)
to wheather elements. These wastes when collected,
have a content of 70 percent total solids of which 95
percent are volatilé solids. Table 2 siows &an analysils

of typical animal waste (18«19).



TABLE 2

Analysis of typlcal cattle manure

(Dry Matter Basis)

% 1b/ton
Proximatc Analysis
Crude protein 12,9 258
Fat 1.0 20
Fiber 331 662
Ash 5e2 104
Mineralsg
Carbon 50.0 1,000
Nitrogen (Organic) 241 42
Phosphorus Ol 8
Potassium 1.0 20
Calcium 1.0 20
Magnesium D&t 8
Sodium 1.0 20
Sulfur 0.3
Iron Ouls 8
Amino Acids
Alanine 0.47 S.4
Valine 0.27 5.4
Glycine 0.32 6.4
Isoleucine 0.20 4.0



Leucine

Proline

Threonine

Serine

Methionine
Hydroxyproline
Phenylalanine
Agpartic Acid
Glutamic Acid
Tyrosine

Lysine

Hiatidine

Arginine
Tryptophan
Cystine/2
Diaminopimelic Acid
Total Amino Acid
Amino Acid/Crude Protein

0.48
0.32
0.26
0.25
0,12
0,03
0,27
0.53
0,82
0,18
0,18
0,10
0,15

0.05

5.00
0.39

9.6
6.4
5.2
5.0
2.4
0.6
Se&s
10,6
16.4
3.6
346
2.0
340

1.0

1C0,0

=G SR

10
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India took the lecad in the development of bio-gas
plants (locally known as gobar=-gas plants). Nearly 705
of Indila’s bio~pas plants, which now total more than
36000, were built during the fuel and fertilizer crisis
of 1975-76. However, the Indian €ouncil of Agricultural
Research (ICAR) had begun anaercbic cow-dung fermentation
as early as 1938~39 (7,20), In 1956, the government
started setting up bio~-gas plants on a large scale (5,7).
In 1960's the "Xhadl and Village Industri:s Commission"
took kecn interest in the setting up for blo-gas plants
in villages. It provided financial assigtance and free
technical know how fer this purpose. Currently, in
India a number of agencles are involved in the develop-

ment and propogation of blo=-gas technology.

A number of new designs have been published by
Gobar Cas Research Station, AJitmal, If one uses agrie
cultural waste insulation and an external water Jjacket
heated by a sclar heater that delivers 1.5 liters of

water per minute at 60°C, slurry fetention time 1s

reduced from 50 to 55 days to between 15 and 18 days,

and ges production has also risen even in winter,

Nearly 27,000 small digesters have been inatalled
in The Republic of Korea since 1969 through the efforts



of the Office of Rural Development (ORD). However, the
cold winters and lack of cattle make Korea's experience
with blo=gas quite different from Indie's. Most farmers
do not operate the digesters between December and March,
when temperatures are as low as =17°C, and gas production
almost nii. The gas holders are covered with straw
during these winter monthas. Vinyl covers were tried but
were ineffective and furthermore the sophlstication of
heating the digester was not Justified for the small
planta (9). Operations is more favourable in the

warmer South,

Fuel is not a major problem in the Philippines as
firewood is plentiful. Consequently, interest in bio-gas
stems from its pollution control and public health appli-
cations. Pigs and buffaloes provide moat of the animal
wastes, and despite some paychological inhibitions the
National Housing Authority (NHA) is also promoting nighte
soll digestion, and one such digester is already opera=
tional. The major research activity is centered at the
National Institute of Science and Technology (NIST), at
the University of Philippines at Los Banos, and Maya

Farms,

In countries like Thailand and Indonesia, not

12
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much development of blo-nas technology has taken place
gince Tirewood 1s nlentiful in most areas and animal

wagtes ore not so plentiful (9).

In Japan, several institutions, including the
National Institute of Animnl Industry at Chiba, the
Public Works Research Institute, the Feruentation
Research Institute at Anage, M/3 Hitachi Plant Conste
ruction, the Ministry of Agriculture, and the Agency of
Industricl Science and Technology (MITI) have worked on
ancerobic digestion of rural, urban, and industrial wastea
for pollution controle They have adopted high tempera=
ture digester (in the thernophilic range) of some
wastes (9).

In China, blo=gas is oxtensively used for cooking
lighting, feortilizer, amd for smll internal combustion
engines {23-24), As of September 1975, over 200000 family
size digestors (10 m° oapacity, generating about 5 m° of
bio~pas per day) were operating in the province of
3zecluen (25} The feed is a nixture of urine (30%),
night soil (105), and water(50¥)s vegetable mattor is
decompogsed for 10 days before inclusion, Lime solution
or srass ashes are added to maintain a #H 7«3,

Bio=gas systems are now receiving attention from



several intermational agencles following the crisis in
the supply of energy and fertilizer. After its 1974
Colombo Declaration, the Economic and Social Commiasion
for Asia and the PRacific (ESCAP) held blo~gas workshops
(in New Delhi, Aupust 1975, on Technology and Economics,
and in Manila, October 1975,on Fermentation Technology),
and began publishing newsletters (9).

Klagss (26) presented & general revicw of the status
of research and technology on the conversion of wastes
and blomass to variocus forms of usable energy. The
energy potential of biomass conversion to fuels was eval-
vated by many workers (27-34). Clausen et al. (35)
reviewed various aspects of methane production from crop
naterials including sources of blomass in relation to
crops and availablé land, klnetics of blomethanation,
process description, and overall system economics,
Chiranjivi (36) revised varlous metods of construction
and operation, Most of these units were small scale,
low-cost, and based on simple operating procedures at

ambient temperatures.

14



APPLICATIONS

Williams {37) presented a general diseussion of
the applicotion of small digester systems for use in
remote rural areas of underdeveloped countries, As
discussed earlier our firewood resources are depleting .
Our hill sides are getting denudéd and foreats are
disappearing. Ag biogas is more efficient than wood ,
consumption of firewood could be reduced considerably
thus helping the forests to catch up in their regrowth
through phaged reforestation and felling programmes,
winich at present are fast losing ground,

It is a law of conaservation of nature that
whatever 1s taken from the land should be returned to
it. At present only a small fraction of the animal
wastes return to the land as compost manure, the rest
of it is either burnt or is wasted, or washed away,
Aa far as human wastes are concerned, almogt dl ot it
is wastéd. The net result is that not only is the
soil deprived of essential manure, but it also loses
1ts water retaining properties. Thls lcads to erosion
and the slow decay of good farm land. But putting
human and animal wastes through the digester, after

the gas is produced good humus rich manure can be

19



returned to the land, thus helping to restore the
balance in nature.

The loss in quantity and quality of Cow-Dung Gas
mamire, is less when passed through the Cow-Dung Gas
Plant than vwhen composted. The manure obtained from
Bio-Gas Plants contains about 1.5% Nitrogen (by dry
welght) egaist 0.75% in ordinary farm compost.

Blogaa digesters improve environmental health
and reduce incidence of diseases and pollution as
compared to openly handled manure. Animal and human
wastes contain undesirable bacteria and paraslite eggs.
People living near the open storage pits may contact
contagious diseases. The blo=gas digester conceals
the animls and human excreta. It goes directly into
the sealed pit. The fermentation process kills mosgt

disease germs, making surrounding environment much

better.

Thus organic residues represent a potential

energy source and poasess following advantages (38-39),

% They are rensvable,

#* Their production and use represent a balanced

16



carbon cycle that does not result in elevation of ambient

carbon dioxide levels,

* The conversion of organic waste residues reduces

the environmental pollution.

Aalan blo=-gas systems are characterized by great
diversity even though only a limited number have actually
been bullt. Most of the systems are used for family
cooking, although other uses are on th#&ncrease. Family
slze units are owned for the most part, by the well=to=do,
as a host of reasons have made it difficult for poorer
pecople to have blo=-gas plants, HNonadoptation can be
due to psychological and practical problems assoclated
with the handling of various wastes and slurry, or simply
due to lack o#heceasary resources (i.e. capital, input
materiels, land, time etc.). Blo=-gas systems can succeed
in areas vhere inputs have low opportunity costs, the
alternative have high opportunity costs, and where plants
can be operated with adequate efficlency.

Traditionally anaeroblc digestion has becen used
as a method of treating municipal sewage (40-43) and
as & method of producing methane gas from garbage(i1,
42 ,444,45), food and industrial westes (42,46, ),

~t



manures and crop residues (41,44,48~55),

Although anaerobic éigestion has long history of
use, it has reputation for poor "process stability" and
has never been universally accepted as an effective
waste handling technique. Digesters are susceptible
to malfunctioning due to shock of loading, temperature

and variety of toxic substances. Malfunctioning
manifests itself in terms of reduced gas prodw tion,
reduced degradation of organic materials and increase

in acidity. In addition, the rate of anaerobic digestion
i3 relatively slow and the fermentation becomes slower

with dips in environmentagl temperature.

18



BASIC PRINCIPLZ™S OF BIOCONV:RSIONS IN ANAEROBIC DIGRSTION

AND MTTHANOGLENTSIS

Anaerobic digestion involves many types of micro=-
organisms and is a complex microblal fermentation. The
process involves many different kinds of interacting
microbial species, most of which do not directly
proeduce. Cﬂh (56=61), Bacteria are the main biological
agents involved in organic matter destruction and CHh
production, but fermentative cillate and flagellate
protozoa and anaerobic fungil may also contribute in
some ccosystems (56). The formation of methane by
bacteria is common in nature. It occurs in those
anaerobic environments in which there is a vigorous
microbial fermentation of organic material., Such
environments are sewage and organic waste digesters,
aquatic sediments of lakes, estuaries, and marine
systems, flooded soils, tundra, peat bogs, and marshes,
where the main electron acceptor CO,, 1s produced from

degraded prgaenic substrates (56,62,63).

Stages of the Fermentation

For simplification of the microbiology, chemistry

and kinetics of the fermentation, sevédral schemes has been

19
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described that separate 1t into various stages involving
different metabolic groups of bacteria (64=70)., Vhile
it is emphasized that these bacterial groups cannot dbe
separated when we talk about their metabolism since the
afficient metabolism of group is dependent on the
others (40, 71=75).

Figure 2 i1llustrate the scheme which best fits
current information on methane fermentation (40,52,56,
76-82). The first stage involves specles of fermentative
bacteria which, as a group, hydrolyse lipids and the
major polymers such as cellulose and protein and degrade
the products of these to organic acids, alcohol, H2
and 002. The second metabolic group, called the aceto=
genic stage, produces acetate and H,, and souwetimes CO,,
from the organic acids and alcohols produced in the
first stage. The third stage involves the methanogenic
bacteria as such which utilize the products of the
firat two stages, coz, Hz, and acetate, in production

of the final products, GHh and CO, .
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ORGANIC MATTER

Carbohydrate
Protein
Lipids

'

Hydrolysis and Fermentation (1)

Fatty Aclds
Acetogeniec
Dehydrogenation (2)
Y ¥ - Y
Acetate /ﬂrﬂz+602
Acetogenic
L Hydrogenation (4) ‘
Acctate Reductive Methane
D ecarboxylation(3) Formation (3)
Y L]

FIGURE 2, Three-stage scheme for the complete anaerobdic
degradation of organic matter showing the general pathways
and the three major metabolic groups of bacteriar (1) fer-
mentative bacteria; (2) obligate H,= producing, i.e., proton=-
reducing, acetogenic bacteria; and (3) methanogenic

bacteria. Acetate and sometimes other acids my be pro-

duced from H2 and 002 by a fourth group of bacteria,



The Fermentative Bacterias Little information is

available concerning the more numerous fermentative
bacteria active in anaerobic digdsters. Results
revieved by Hobson et al. end others (40,8%) indicate
that most are strict anaerobes but some facultative
anaerobes such as streptococcl and Enterobacteriaceae

are also involved. Bacteroides, chiefly Bacteroides

ruminicola are very numerous and a large variety of

other fermentative anaerobes including gram = negative
curved motile rods, clostridia, bifidobacteria, and
other psromepositive and gramenegative rods are found
among the predominating flora (40, 84-86), Cellulolytic
organiams are not very numerous but include both
sporing and nonsporing gram~negative motile anaerobic
rods vhich usually produce acetate, ethanol, H2 and
CO,e

The Acctogenic Bacterias The products of the first stape
fermentation other than acetate, CO,, and Hyy that is,
mainly propionate and long-chalned fatty acids and

other organic acids are oxidised to acetate, but the
kinds of acetogenic orgenliams involved and the electron
sink product generated in the oxidation, presumably

H2, are largely unknown. Although much effort has been
done, but organisms could not be isolated (56,77).



Well known case of acetogenic organisms are those
involved in the degradation of alcohols such as

ethanol. Methanobacillus omeliangkii was thought to

produce methane according to equation 1,

2 CHy CH, OH + COpmwmwm> 2 CHy COOH + CH,
A GY = =31,7 keal (1)

Bryant et al. (1969) (56) and others (57, 87-90)
showed that the fermentation was actually carried out
by a symerglatic association of two specles. One of
these, the acetogenic¢c S organliem oxidises ethanol to
acetate according to equation 2. The other organism

waa a methanogen which could not use ethanol but used

H2 according to equation 3,

e *
c1-13 CH, OH + Hy Qe CH5 col + u* » 2H,
ZN G'O s + 1,5 keal (2)

th + 002-—--§- CH& + 2H20 AGY = =335,2 keel (3)

However, first organism cannot effectively grow
as a pure culture beceuse the H2 produced inhibits its
grouth, It can use no other system to excrete electrons,
When combined as in the M. omelianskii culture, the
two organisms grow very effectively in ethanol medium,



This study showed the necessity of the maintenance of
a low partial cressure of H2 via the methanogenic

bacteria in order for oxidation of ethanol to occur,

The Mcthanogenic Bacteria: It is in the third stage

of methane fermentation that real waste stabilization
occurs. During this stage, the organic acids are
converted by a special group of bacteria termed

" methane formers" into the gaseous and produckis, 002
and CHh. These bacterla are very strict anserobes,
They require lower oridation reduction potential for
growth than most ancerobic bacteria (about ~300mv)
and some species are rapidly killed by 02 (40,
91~92). There are several different groups of methane
formers, and the group is characterised by the ablility
to ferment a relatively limited number of organic
compounds. They have quite different cell shapes and
structures suggesting diverse philogenic origins (40,
89,90,92-99). For example, they include large sarcinae,
coccus groups similar to micrococcl, and streptococel,
1ong cylindrical rods, long curved rods with tufts of
flagella and short rods with a single polar flagellum
(40,86,100), Yet, they all seems to have a some what
gimilor and peculiar energy metabolism. All species
except some such as Methanobacterium sirain Mo and
Methanobacterium thermoautotrophicum utilize H2 and




A

002 for srowth as shown in equation &,

4 H2 + COZ“—% CH4 + 2H20 &GB = ~53,2 keal (ll.)

All of the marphologically diverse specles so far
studied contain Coenzyme M (40,101) and coenzyme 420 (72,
102-104), newly discovered coenzymes which have not yet
been found elsewhere in neture. Coenzyme M has a methyl
transfer function. Coenzyme 420 1s an electron transport
coenzyme which seems to serve in place of carriers such
as ferredoxin in these bacteria. Methanogens also
contains factor B, a heat stable cofactor with molecular
welipht of about 1000, required for the enzymatic formation
of CH, from methyl coenzyme M (56, 105-107),

Table 3 shows the reviewed taxonomy of the methano-
gens based on analysis as proposed by Balch et al, (56,108),
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3¢ Methanobrevibacter smithil

Order 1II. Methanococcales
Family I, Hethanoccaceae

Gemus I, Methanococcus

1. Methanococcus vamielil
{nectype species

2+ Methenococcus voltae

Order III. Methanomicrobiales

Family I. Methanomicrobiaceae
e family

Genus I. Methanomicrobium (type genus)

1. Methanomicrobium mobile(tyvve species)

Genus II, Methanogenium
%+ Methanorenium cariaci(type species)

2. Methanogenium marisnigri

Genus I1X. Methanospirilum
1. Methanospirillum hungatel
Family II. Methanosarclinacear

Genus 1I, iiethanosarcina(type genus)



PS

SB

PS

JRI
JRI

JFI

Methanobacterium runinantium -

straln PS5

iiethanococcus vannielii

Methanococcug sp. strain PS

Methanobacterium mobile

Cariaco isolate JRI
Black Sea isolate JRI

Methanospirillum hungatil

H.2 s Lormate

H2, formate

Hz, formate

Hz, formate
Hé, formate

H2' formate



1» Methanosarcina barkeri(type species)

Methanogarcina barkeri strain 227

Methanosarcina barkerli strain v




MS

Methanosarcinz barkeri

Methanssarcina barieri
atrain 227

Methanosarcing barkeri

acetate

Hy o CH,OH , CH,NH,,

acetate

Hy oCH50H, CHalVH,,

acetate

8¢



PROBLIM DLLINFATED

Objective

The present project was started with

the following
objectives:

1. To devise techniques to enpiep methane content
in blogas so as to enhance itg energy value,

2. To £ind ways and means of ensuring continuoyg

production of gas even during low temperature conditiong

Approach

The following aspects of bio=gag Production were

planned to be studied,

Effect of manipulationsg of various Parameteryg like
temperature, loading rate, total so1ig content, i,
agitation, on the quantum of gas production and on the
content of methane in the blo~gasg of cattle-dung gt

laboratory scale.

In order to lmprove digestion procegg in termg of

increase in total quantity of pag and algg 4, enrich itg
methane content by Keeping the metabolie Processes of

microbes at the optimum under varyin

& therma} environmentg
with the help of certain additives yepe studied, with



the ultimate objective of keeping bio-pas plants
functional during low temperature climates,

This project was conducted in several phases
and given in the several chapters (Chapter II to V)

end lastly summary and conclusion has been given in

the VI chapter.



CHAPTER =L

SPANDARDIZATION OF EXPERIMENTAL CONDITIONS FOR

ANAEROBIC TREATMENT OF CATTLE-DUNG




CHAPTER-IT

STANDARD
ANATROBIC TREATMENT OF CATTL.‘E"-DI!IIG

INTRCDUCTION

The anaerobic process is in Iany ways ideal for wvaste
treatment. It has several significant advantages over other
available method and 1s aasured of inecreaged usage in the
future. Howover, inspite of the Dresent significance and
large futvre potential of thig process, it has noig genew
rally enjoyed the favourable reputation it truly deserves,
Digesaters are also sugceptible to malfunctioning due to
shock of loading, temperature and pH, Undep normal cone
ditions, anaerobic waste treatment proceeds with a minimm
control., However, if environmental condltionsg are changeqd,
or if toxic materials are introduced the Process may
become unbalanceds An "unbalanced procegs! g defined
as the one which 1s operating at less than noymal efficiency,

Temperature, retentlon time, agitation, total solig
content and pH are important factors responsinle for
unbalanced state (48,109-117), It 4s, therefore, destranye

o find out optimum conditions interms of temperatupe,
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retention time, agitation, total solid content and pH for
operating digester with maximm efficiency.

It is also important to determine when a digester
f£irast becomes nunbalanced" zo0 that control measures can

be applled before it is too late, Several parametera

must be watched for good conirol. Some of the parameter

of importance are listed belows

# Total Gas Production
# Methone Percentage in Gas

# volatile Acid Concentration

* pH
# Yaste stabilization expressed as BOD and COD

The first 4ndication about the efficlency of a

digester is the total gas production. However, this
parameter 45 useful as an indicator only when the daily

feed 18 guite uniform and the daily gas production does

not vary +oo widely from day to day under normal condi-

tionsSe

changes in the percentage of methano in the
41gester gas my semetiues indicate the onset of unbalanced

conditions (118), 88 unbalanced itreatment ofien results
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in decreased methane
production, This
. is accompanied
by

an increase in carbon dioxide percentage resulti
ng in

1oss of encrgy value of bio=pgas.

"he most important paramcier is the concentxrati
on

of volatile acids. An increase in volatile acld con
cent-

ration 1is frequently one of the firsgt indicato
s of

digester unbalance and indicates the onset of adv
s erae

conditions iong before any of the other paramcter
) 8 are

affected (2, 119).

Anotner indicator of digester unbalance ig&h
2 e

e

aclids conoentration.
g not normally occur until the digester 1s seriousl:
usly

A gignificant drop in pH, however
’

doe

affected.

Process gtabilization can be Judged by "Biochemi
chemical

gen Demand” (BOD)
ate the extent of blodegredation 119,120)

and "Chemical Oxygen L emand® (cop)

indic

Although none of ‘the above parameters may be
a

sure sign of digester unbalance when used individuall
Ys

ether they give 8
ration efficiency (109).

tog good . picture of digester

ope
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Buhr and Andrews (121), Varel et al. (48) have
reviewed the results of various studies on the effect
of temperature and retention time (RT) on enaerobic
fermentation, Although considerable work has been done
on methanogenesis from beef cattle weste (121~125),
sufficient data is not availlable tc adequately
evaluate the overall potential of this process,

Enough information is not available on the optimal
temperature, and retention time, The quantity of
bio-gas production from cattle~dung depends mainly

on temperature of fermentation (126,127), and retention
time (16,48), Besides these, many other factors, like
agitation, total solid content, and pH affect the gas

sroduction. It was felt, therefore, necessary tc find

out optimum conditions interms of temperature, retention

+ime, agltatlion, total solid content and pH for maximum

gas production.

Fermentation of cattle~dung offers several advan=-

tages over other potential substrates. Adequate rutrients

ar
tione Derradation of organic matter ls usually between
30 and g5, It is a means of pollution control, and

the farmentator residue has a potentiel value as

gertilizer (126,129)s Cattle-Gung 1s one of the major

e ayailable for the microbes to carry cut the fermenta=
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raw matcrlials available in the country. Therefore,

cattle=dung was used in this study.

LABORATORY SCALE ANAEROBIC DIGESTIR

several bench scale anaerobic dlgesters were used
(Figure 3). Fach vessel consisted of 10 liter glass reaction
vottle, having a working volume of 6 liters, and containing
desired percentage of total solids, (Wet cattle-dung was
collected, dried, powered and used). The digesters were
agitated with magnetic stirrer. All digesters were
maintalned at desired temperature with +£1°C in a thermostat.
Gas was collected and measured by displacement of acidified
ated salt solution (1,e« 200 g of Na,SO, in 800 ml

satur
water with 30 ml of conc. H,S0,) (130), making

distilled

due corrections for atmospheric pressure and temperature.

The digesters were fed on semicontinuous basiss Once per

day with desired retention time. Prior to feeding equal
ntity of sludge was withdrawn from the bottom of the

qua
digestere. qubstrate samples were routinely analysed
for oH, volatile acids, BOD,and COD as per "standard
procedureg" (130) given below:

All chemicals used were of analytical pgrade.
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Gas composition was analysed with "AIMIL Gas Liquid
Chromatograph" with a stainless steel chramosgorbd 2
column, end a thermal conductivity detector. Hellum
served as the carrier gas for methane and carbon di-
oxide. Identification and percentage 0f methane and car=-
bon dioxide were based on a comparision of RT and peak

apeas of unknows with +hose of standard amounts of the

two pases8s

pH was measured by Beckman pH meter.

Determination of Biochemical Oxvgen Demand (BOD)

The BOD, by definitlion, is the quantity of oxygen

required for the stabilizavion of oxidizable organic

pmaterial present after 5 days incubation at 20°C,

complete stabilization, 1n most cases, would take a

much longer time. The degree of oxidation occuring

during 2 G=day period depends on the type of microorganisms

present in the seed and the type of mutrients.

gufficiently gerated water saturated with Dissolved

oxygen (po) was uged for dilution water. 1ml each of

shosphate buffer (pH 7.2), magnesium sulfate(22.5g

MgS0y,» 7H,0 1n 2 1itre of distilled water), Calcium

37
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chloride (27.5g of anhpdrous CaCl, in 1 litre of water),
and ferric chloride (0.25g of FeClyz. 6H,0 in 1 litre of

water) were added for each litre of water.

Initially, approximate BOD range was found out

and samples were t+hen diluted accordingly as per

Table 4. Measured samples were added directly to BOD

bottles (300ml capacitY) and f1lled with Just sufficient

dilution water so that stopper was inserted without

leaving air bubbles.

Modified Winkler method was used to determine

DO after 15 min. and after 5 days.

ror satisfactory BOD results, an adequate number

of bacteria must be present. Seeding material was obtained

from sewage disposal plant. 2ml of supernatant from

settled sewage Was nsed for every litre of dilution

Supernataat was preserved by freezing.

water.
For calculating BOD, the following formula was
used.
(D,-D,) = (B4~By)f
mg/litre BOR = P
where D1 = DO of diluted sample 15 min, after preparation
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TiiBLE=4

BOD range chart including appropriate dilutiong and
decimal fraction

Dilution
BOD Range Sample/300 m1 Decimal Fraction
0,01=6 300 -
4,5 =18 100 0.333
9.0 -35 29 0.133
18-70 23 0.083
45-180 10 0,033
90-360 5 0.017
225=900 ? 0.007
450-1800 1 0.003
900-3600 0.5 0,0016
1425~4500 0,4 0.0013
15006000 0,3 0,001
2250-9000 0.2 0, 0007
O, 1 0,0003




D2 = Do of diluted sample after incubation
P = decimal fractlon of sample ysed

B, = Do of diluted seed control 15 nin. after
preparation

B, = Do of diluted seed control after incubation

S = ratlo of seed In sample seed in control

Dissolved Oxygen Test (D0O): The sodium azide (Alsterberg)

modification of Winkler method was used for DO determination,

eince this test is generally used to standardize an

electronic oxygen monitor.

To a 300 ml sample, 2ml MnSOh solution (364g of
MnSO,, « 1,0 in 1 litre of water) was added, followed by
addition of 2ml alkali-iodide reagent (500z NaOH and
135g NaI in 1 1itre water + 40 ml of water containing
10g Naﬂ3): below the surface in a stoppered flask and
mixed by inverting. 2ml conc, stoh was added by
allowing it to run down the neck of the bottle. The
content were mixed by gently inverting until dissolution
of the floc was completed. 204ml of sample was removed
and titrated with thiosulfate,

Following formula was used to calculate DO



liormality
ml of Na25203 X of + 8000

mg/litre DO = Nea,5,0 -

ml of original sample titrated

Determination of Chemicz) Oxygen Demond (COD)

The rapid method presently advocated by the National
Canners Association was uged for COD determination. The
test measures the amount of oxygen consumed from a chemical

oxidant such as potassium dichromate,

A standard COD determination, almost invariably,
gives higher results than a 5 day BOD determination since

+he oxidation of organic material is more complete,

idded 1ml of mercuric sulfate solution (50g
mercuric sulfate, 50ml of conc. H,50, in 1 litre of water)
to each of two 500ml Erlenmeyer flaslc,

To 1 flask added 5ml of sultably diluted sample.
To the second flask 5ml of distilled water was added.

o0ml of dichromate oxidizing solution (2.5g
potassium dichromate in a mixture of 500 ml each of
conc. HyS0, and 85% orthophosphoric acid) was added
to each flask. Contents of the flasks were mixed with



gentle shaking and heated on steam bath at 92°C for

10 min. They were then cooled, and subsequently 150ml

of distilled water was added., 10ml of potassium ilodide
gsolution (55g of XI in 200 ml of water) was added in each
flask and contents litrated against sodium thiosulfate

solution.

COD was calculated as below.

ppp COD = = D""B x 8,000

where A = ml thiosulfate used for blank
B = ml thiosuliate used for sample
= Normality of thiosulfate

N
D = ml of sample used
E = gdilution factor

Determination of Volatile Aclds (Total orgenic acids)

Determination of volatile aclds were done by "Column

partition Chromatographic Method" (Tentative),

The principle is as followss

Chromatographic columns are capable of a dynamic
partition or distribution of dissolved or dispersed

substances between two immiscible phases, one of which
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is moving past the other. Aqueous scmple containing
organic acids is adsorbed on a colum of inert granular
material and an appropriate organic solvent is passed
through the column, the organic acids can thus be
extracted from the aqueous sample. In the present
work, silicic acld was uged as the adsorbent column,
acidified aqueous solution as the stationary phase, and
norml butanol in chloroform as the mobile phase,

411 of the short-chain 1= to 6= carbon organic
or volatile acids were eluted with the solvent system
used in the method and were reported collectively as

the total organic acids., Total acids were measured by

titrotion with stendard base,

neternination of Total Solids

Mezaurad volume of samples were pourced into the

welghed crucibles ané heated to dryness on steam bath

and Zurther drled to conatent weight in an oven at

1035 - 105°Co

calculations were done according to the formulas

mg/1itre total residue = total residue x 1000

ml sample
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cXPURIMTNTAL DESIGN

pffect of Temperature and Retention Time

To study the effect of temperature and retention
time, digesters wvere fed on semicontinuous basie: once
per day with retention times of 3, 6, 8, 9, 12, 20 & 30
days Zor each temperature. The temperature ranged from
20°C +to 60°C with 5°C increments between fermentors.

Tavble 5 glves the experimental design for study of methane
production from cattle-dung at various temperatures
and iiTs.

TABLE=5

Experimental design for study of methane production from
cattle=dung at various ilemperature and RT.

FTermentor Temp. Loeding rate (ml/digester/day) at given
NoO. (°C RT (days)

% 6 8 10 12 20 30

1 20 2000 1000 750 600 500 300 100
25 2000 J :
2 H l W \f N ‘y
% 30 2000
" 35 2000 \ l
4o 2000 | Y Y v
5
6 L5 2000 y Y
7 50 2000
14 4
8 55 2000
9 60 2000 l Y




.
o |

“ffect of Total So0lid Content

To study thig effect total s0lid content
ranged from 5 to 15% with an increment of 2,5

nercent between fermentors.

—~¢f<ect of Agitation

The effect of agltation on gas production was
studied in a 6 litre digester containing 7.5 percent
of total solids, Agitation was done by a magnetic
gtirrer at 150 rpm. Stirring time varied from 2 to

10 hours per day.

Effect of Sodium Bicarbonate (NaHCOB)

gimilarly attempt was made to keep pH constant
in the digester throughout the digestion by adding
NaHCO3 from 500mg per litre to 5000mg per litre of

digester.
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RESULTS AND DISCUSSTION

Table 4 shows the gas production at different RT
for various temperatures. Gradual increase in the gas
production was found, when the temperature was increased
from 20° to 35°C followed by decrease from 40° to 50°C
and Turther increase from 50°C to 60°C at all RTs. A
concurrent increase in methane content was observed wilth

increase in total gas production,

similarly, there was increase in gas production
with increase in RT at least up to 12 days at all temp=-
apatures. However, nmethane percent wag found to be more
at short RT, Little is known about the maximum rates
of gas production from animzl wastes vhen lower temperatu-
res are used. The present study shows a trend o increase
in gas production with increase in RT, perticularly at
low temperatures. Effect of temperature was most
dramatic at 10~day RT. This indicates that the effect

of temperature on ihe rate of gas production is more

apparent athort than at long RT,

process performance can also be judged by bio-
chaemical oxygen demand (BOD) and chemicel oxygen demand
(cop) which indicate the extent of blodegradation(20,87).
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A%t long RTs, BOD and COD values wWere low indicating

greater blodegradation as shown in Table Be

The pd remained almost unaffected with varlation
in temperature as well as RT. In general, the pH was
siightly lowered with increased RT at all temperatures.
. rocess stabllity as evidenced by lovwer volatile acids
consistently increased with increased RT. HMaximum

siability was achieved betweein 10 and 12 days T in

mesopnilic temperature range.

These studies indicate that there is a little
difference in the rates of gas production between 40°
and 60° at a4 of 10 days or more, Though there 1s little
advantage in fermentating waste between 50° and 60°C at
short RT in terms Of total gas production with lmproved
methane content, this would be at the cost of more

energy input in order to maintain the fermentor temp-

eraturee.

demperature in the range of 35° to 40°C was found
+o be most i1deal between 10 and 12-day RT. In this

range, not only increase in total gas production was

observed, but also high methane content accompanied by

enhanced rate of biodegradation was obtained.



Table 7 gives data on the effect of total solid
content on gas productlon. The total solid content in
range of 7.5 to 10 percent was found to be most suitable
which give better results in terms of both total gas

productlion and methane content.

IFrom table 8 it may be seen that there was no
significant effect of agitation on methane production,
However, occassional stirring improved the amount of
total gas production, Continuous stirring allows scum
formation on the fermentation mixture resulting in the
decrease of gas production, whereas occassional stirring

improved volatile acid concentration as well as showed

increased rate of blodegradation,

pH is considered to be one of most important

parameters in maintailning the efficiency of anaerobic

fermention, Maximum efficiency in fermentation is

obtainable near neutral pH (between 6 & 8). Generaly

in the anaerobic process, high volatile acid concent=-

ration accounts for a decrease in pH value. NaHCO3

is known as & puffering agent in presence of carbon

dioxlde. The major chemical system controlling pH

is the carbon dioxide~bicarbonate system (109). In

order to find out optimum concentration of NaHCO3 for

48



maximum efficiency of dlgesters, study has been

carrled out and the data presented in +able 9. There
was increase in gas production with high methane content
with increased dose of‘NaHCO3 and conconitant low values
of BOD, COD and volatile aclds indicating better bio-

degradation and high process stability,
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Table-G Contdesss

& 3 2445 5740
3.2 570

i 3.6 5640

10 %.95 s

L 415 54,0

20 4,30 52,5

30 3.8 5240

7 * 2495 5740

3l 57«5

8 349 5645

10 beS 57 .0

12 4.7 57.5

& bt 57,0

30 4.0 5h.5




13000

32800

2604 6.8
12165 31400 2542 6.8
11666 30000 2220 67
11166 29200 2120 6.65
11165 29000 2C40 6.65
11000 28600 1268 6.6
11000 28400 1508 645
12166 31000 23540 6.8
11833 29600 2148 675
11666 28400 2028 6.8
11166 27200 2189 647
10833 27000 1806 6.7
10833 26800 1744 6.7
108335 26800 1734 6.7

Contdeeseo
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CHAPTER~TTT

LITECT OF SURFACTANTS ON ANAZROBIC RIGRSTION OF CATTLE-nuNG

INTRODUCTION

4 surface active agent (or, more briefly, sup-
factant), waen present at loy concentration in g system,
hag the property of adsorbing onto the surfacegs op
interfaces of the system angd of altering to & markad

Cegree, the surface or interfacial free energles of

those surfaces (or interfaces),

surfactants are amongst the most versatile of the
products of the chemical industry usedq ip diverse forng
in the motor oils as wetting, solubilizing and emylgi-
fyingagents as detergents in laund ry ang homes, the
drilling of muds for petroleum Prospecting ard as floata~
tion agents used in benefication of ores (131-133),

Cf late, surfactants have become subjects of
intense investigation in the field of chemicel kineticg
and bilochemistry because of the unusgual Properties of
the polymeric forms (mieelles) of these materialg, They

show@ unusual catalysis of organic Teactions (134)



and possess similarity to biological membranes ang
globular proteins. There are Beveral reportg which
specify that surfactants fmprove enzyme production

and enhances enzyme activity (131-13s), In an investi~
gation into the effect of solubilizers on the bacteria)
glutamic decarboxylase and glutaminase, Hughes(13)
suggested that surfactants accelerateq decnrboxylation
of glutawate and deamination of glutamine due to the
removal of competitive inhibitors hy the deterpentg,
No study, however seems to have been made go Tar on
the effect of surfactants on anaerobic digestion of
cattle dung. In an effort to Improve the £83as producte
ion and its meti.ane content, this study was taken .

The following surfactants were studied,
1. Tween 20 (Polyoxyethylene sorbitan) prp -16.7

monolaurate
2. Tween 60 (Polygggggggigggesorbitan) HLB «g,6
%, Tween 80 (Polyo;ggﬁ?gi:gz sorbitan) wHIR ~15,0
4. Span = 80(Sorbitan monooleate) HLB =4,3
5, Sodium lauryl sulfate HLB 40,0

6., Sodium olecate HLB -18.0

7., Soap=nut powder(Sapindus mukorogsi Iruitg rowder)

surfactants were introduced in +o the digestersg

witn the feed sludge.



R 2,570 DISCUSSION

Table 10 data and Figure 4 shows enhaced gas
production with increasing amounts of tween 80, the
optimm being at 100-150 ml per litre. The gas was
algo richer in methane content, Process stability ag

evidenced by lower content of voilatile acids (137,132)

consistently inereased with increased loads of tween 80,

indicating that methane producing bacteria utilize

aclds at faster rate, Tween 80 gave lover valuesg of

aop {Biochemical Oxygen Demand) and COD (Chemical Oxygen
Nemand) indicating greater biodegradation (19, 137,13g )
The presence of tween 80 1n digester results in higher

conversion efficlency.

3tudied with other surfactants like +tween 20,
tween 60, span 20, sodium lauryl sulphate and sodium

oleate also showed increased gas production with en-
riched methane content, indicating that surfactants

in general, particularly non-ionic, enhance the con-

version efficiency. Addition of soap-nut powder was

found to be deteinental to the digester,

In conclusion, the additlon of tween 8 results

in exccptionally high verformarc e stability and in-
creasc in rate of decomposition. These preliminary

60
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eveluztions indicate that tween 80, and tween 20 coula
be used to increase the potentiality of exlsting di-
gesters. Though the exact mechanism cannot e given
but from the analysls of the data,certain possibllities
can be envisaged. Surfactants must be providing sites
where substrate can accumulate, thereby providing highly
localized substrate concentrations. These areas may

be providing more favourable growth environment for

bacteria-substrate systems,
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Table~10 COntdes ..

S0dium 10 5,1 58
s 20 561 58
sulphote 5, . ..
50 548 &

100 B.b 6%

150 6.7 63

200 6.5 62

300 6.5 63

Sodium 10 5.1 58

oleate 50 5.1 =

100 5.3 57

200 5,4 56

700 55 5%

500 55 57




10333

25200

1260 6.5

10166 24620 1260 0.7
o833 24000 1236 BT
9166 23200 1176 6.8
8333 22800 1104 74l
7500 21200 1080 Tel
7500 20000 954 7ol
7335 19200 936 Te1
10333 25400 1248 645
9833 25000 1224 645
9166 24600 1200 66
8333 24000 1176 6.45
8000 22800 1152 6.3
8000 22400 1104 635
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CHAP T ~IV

ADSORBENTS IN ALALROBIC wiGESTION CI' CATTLE- sUNC-

In an effort to improve the digestion process, the
effect of various doses of dif ferent adsorbents like powe
dered activated charcoal, povudered ordinary charcosl,
bentonite,kaolin and saw dust have Deen evaluated in
a bench scale digesters. Recently it has been shown
that addition of powdered activated charcoal stabilizep
process performance of anaeroblc digesters of sewage
sludge (43,137). No study, however, seems to have been
made so far on the effect of activated charcoal and
other adgsorbents on fermentation of cattle~dung. There-
fore it was felt necessary to study this aaspect with
the ultimate aim of improving gas production in blogas

fermentation.

ADBORBENTS

Adsorbents are chemically inert powders which

have the ability to adsorb gases, toxins, and bacteria,



whenever the surface of a solid op a liguid is
alliowed to come into contact with B4s or the vapour
of a ligqudd, there is usually increased concentration
of the ges or the vapowr molecules at the surface,

regardless of gas or the surface., This Phenomenon

of surface concentration is known ag "adsorption® (140,141),

some of the adsorbents like adtivated carbon are
usaed as a contact catalyst in various reactions of igp=
merizeation, pelymerization, oxidation and halogenation.
They also find use as a carrier for other catalysts,
perhaps to & greater extent than generally realized(142),
Some times they show catalytic properties by indirect
action e.g. certaln reactions are accelerated by
actlvated carbon as a result of the adsorption of in-
hibitors as in recovery of lodine from iodides Present
in the petroleum salt brines. Nitrous acid is ciployed
to oxidize the 1lodides to lodine = g reaction that may
be retarded by the presence of inhibitors in the brine,
Treatment of the brine with an activated carbon removesg

the inhibitors and enables the oxidation reaction to

proceed (142).

Carbon may accelerate bilological activity by

66
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adsorbing poisons, or may retard it by adsorbing nut-
rients necessary for the growth of wicroorgainisms,
Ameti (143) noted that carbon retarded the fermentation
of supars, but several other workers have reported an
acceleration of biological activity (144=146), Lampe
(147), working with molasses, reported that 0.1} of

activated cerbon greatly accelerated the fermentation.,

In this study following adsorbents were used.

1. Powdered Actlvated Charcoal

The residue from the destructive distillation of
various organic materials, treated to Iincrease its ad-

sorptive nower, Procured from EDH.
2, Powdered Ordinary Charcoal

Obtained by burning wood and powdering.

3, Kaolin

A native hydrated aluminium silicate, powdered, and
freed from gritity particles by elutriation. Procured

from BDH.
4, Bentonite

Bentonlte,hydrated aluminum silicate free from
grit obtained from EDH.
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5. Saw-dust

Obtadined frogéocal saw mill,

Several bench scale anaerobie

(Figure 3). Adsorbents (120 mesn) we

with
the feed sludge,

In one set ali dlgesters were Maintaineqg at
35 ¢ 1°C 1in a thermostat and in Other set, a13 digesterg

were exposed to ambient temperature.

RESULTS ..U DISCUS 3ION

Table 11 (Figure 5) shows enhanceq 8as production

with increasing amount of powdered activateg charcoal
(PAC), the optimum being 3,000 to 4,000mg per 1j4pe,

The gas produced was also richer in methane content,
Process stzbllity as evidenced by lowep volatile acigd

(137,138), consigtently increased with increageq levels
of PAC. Actlvated charcoal gave lower valyeg op BOD

and COD indicating greater biodegradation (19,139).

Similar trend was observed in cage af digester

operated at amblent temperature (Figure 6)e  Ihe averags

of the data recorded fron July to Novembap vhen the
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ambient temperature varied from 40° to 15°C are siven
in Table 12, Table 11 contains the data of controlled
temerature (35 + 1°C). This interesting observation
which was found in second set of exneriments clearly
indicotes that powdered sctivated charcocl also serves
the function of shock absorbent so that gas production

is not sigrificantly affected with variation in

temperature.

Studies with other adsorbents like powdered
ordinary charcoal (POC), bentonite, and kaolin which
were done only with digesters operated at controlled
temperature of 35 + 1°C, also showed increased gas
production with higher methane content. However,
improvement was not as good as with PAC., Addition of

saw dust was found to be detrimental to the digester.

It is concluded from this study that addition
of powdered activated charcoal results in exceptionally
hish performance gtabllity and increase in rate of
decomposition. Twven powdered ordinary charcoal was
found to be effective. But its effect was less than
activated charcoal may be because of lesser surface

area, Thus PAC and POC could be used to increase the

potentiality of existing digesters, Analysis of the



~
i~

data shows that carbon provide sites for the anaerobic
reaction to occur. Some observation has been made by
otner workers (43, 137). It appears that carbon en-
hances the methane forning step of the digestion

pI‘OCGSB.
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CHAPTER=V

\pOTTIVES IV ANATROSIC DIGRSTION OF

CATTLE=DUNG




CHAPTER =V

ADDITIVES IN ANATROBIC DIGESTION OF

CATTLE=~DUNG

GENE AL

Addition of powdered activated charcoal results in

inecrease of total gas production with high methane content

(Chapter IV). Baged on review of literature, (43), 1t

13 evident that carbon is responsible for improved di-

gestion. The surface of the activated carbon provides

adsorption sites where substrate can accumulate, thereby

providing high locallized substrate concentration. These

areas of adsorption provide a more favourable growth
environment for bacterial substrate systems (4&). No
study, however, seems to have been made so far on the

effect of other additives like pectin on anaerobic diges=~

tion of cattle=dung.

since pectin is also used, as one of the adsorbent
in meny cases (132), 1t appeared desirable to study the

75



gas with increcased methane content, The impact of pectin
on volatile acid, pH, and process stability has also been
exarnined, This chapter present the results of two sets

of the experiments involving pectin addition to benche
scale anaerobic digesters, OUne set of experimemts was
carried out at controlled temperature of 35 + 1°C while
the other at ambient temperature from 40° to 15°C.

similarly effects of addition of sugar cane bagasse
on gas production, methane content, pH, volatile aclds
and blodepradability has been studied,

Pectin

The cellular tissues of citrus fruits, apples, and

many other fruits contain pectin, which is an mucilagenous

carbohydrate, It is soluble in adout 20 parts of water,

ylelding a viscous, apalescent colloldal golution which

is slightly acidic in reaction. Pectin is insoluble in

alcohol. It is considered to be made up of chain mole=
cules, consisting largely of polygalacturonic acids
n the form of methyl esters, In this

which are partially 1
gtudy two forms of pectin have been used. Commercial

pectin obtained from spH  and a crude form was prepared
in the lavoratory rrom frults of Citrug medlca plant,
n



Suger Tane Lasasse

A huge amount of cellulose goes waste elther in

intermediate or terminal stages of utilization or pro=

cessing. In India the total quantity of agricultural
by products or wastes which are cellulosic in nature
accounts for nearly 50-100 million tons per year, 50k
of which is cellulose (148), Sugar cane bagasse one

of the majer cellulose waste accounts for 5.3 million

tons/annum (148).

MATERIALS ALD METHODS

In one set all digesters were maintained, at
35 4+ 1°C in a thermostat and in other set, all digesters
were exposed to ambient temperature - ambient tempera-

ture varied from 40° to 15°C that 1s from August to

November. In case of crude pectin as well as for sugar

cane bagasse all digesters were maintained at 35 + 1°C,

Pectin and sugar cane bapasse were incorporated

with feed sludge.

RESULTS 5D I5CUS IION

g of enhanced f£as production with increased
A tren



K?2

amount of commercial pectin is evident from IFigure 7.
Maximum enhancement {of over 150 percent) was achleved
with addition of 10 g/l pectin. (Figure 7, Table 13),
In addition to increasing total gas production, pectin
was respoinsible for higher methane content in dggester

gas. s shown in Figure 7, as much as 65 percent methane

vwas present in the total gas., Similar trend was also
observed even in case of digester operated at ambient

temperatures. The average of the data recorded from

August to Hovember when the amblent temperature varied

from 40° +o 15°C are given in Table 14, Table 13 contains

the data of controlled temperature (35 + 1°C).

Process stabllity as evidenced by lower volatile
acids (137,138) consistently increased with increased
1evels of pectin (Table 13). Average acid concentration

ranged. from 1260 mg/l in the digester with no pectin to

660 ng/l in the highest dosed digester, Effect of pectin

on volatile acid concentration was found to be more

aiocester at amblent temperature, vhereas

prominent in
concentration was reduced to less than

volatile acid

T4 1ndicated that the volatile acids were consumed

half.
pagter rate than that in the controlled experiments

s ugecds

at &

where no pectin va



In both sets of experiments pH was found to be

more or less constant that is near the neutral region,

Process performance can also be Judged by blochemical
oxyren demand (=20.) and chemical oxygen demand (cop)
values waich indicate extent of bilodegpradation (19,137,139).
Pectin in boilh experiments gave low values of BOD and COD
indicating greater bilodegradation as shown in Table 13

and 14, Cvea thne addition of crude form of pectin obtained

by using dried, powdered rind along with some inner part
of Citrus nedica frults resulted in increased methane

production and greater process stability.

In the present study 1t was found that pectin is

not utllised to appreclable extent in the anaerobic di~

gestion process. On the contrary its quantity remained

was found to be only slightly less than the loaded amount

mherefore it seems that pectin acts in a way similar to

ered activated carbon. Pectin may be providing

powd
tion sites where subgtrate can accumilate, thereby

adsor?y
1dine liich localized substrate concentration., These
providing B40F

of adsorption provide a more favourable growth

areas
r bacteria subgtrate system,

environment 10

rvation was made in the

ther intersting obse

Ano )
rizents where digesters were opera ted
expe

gecond set of



at ambient temperature varying from 40° to 15°C. As
shown in Table 14, addition of pectin showed considerazble
increase in the total gas production with high methane
content. This clearly indicates that pectin also serve
the function of shock absorbent so that gas production

is not slgnificantly affected wlth variation in tenpera-

ture.

Studies with sugar cane bagasse (Table 13), done
only at controlled temperature of 35 x 1°C, showed
increased gas productlon but not increase in methane

content. Improvement in general was not found to be

as good as pectine.

This study indicates that addition of pectin and
gugar cane bagasse results in exceptionally high per-

formance stability and increase in rate of decompo-

sition.
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CHAPTFR-VT

SUMMARY AND CONCLUSTONS

Anaeroble dlpestion of waste matter resulting
in oroduction of hlo-gas ywhich is a valuahle source
of enercy has recelved much attention recently. 1In
an effort to improve, the anzerobic digestion process,
efTect of manipulations of various parameters like
temperature, retention time, total solid content,
apitation, and pH has been studied on the quantum of
nas production and on the content of methane in the
blo=-gas of cattle=dung at laboratory scale. With
respect to these parameters experimental conditlons
has been standardized. It has been found that temp=-
eratures of the order of 35 t 1°C with 10-12 days
retention time gives meximum efficiency. Inteﬂhpted
agitation of about 10 hours improved the amount of

gas production with increased rate of biodegradation.

To increase the potentiallty of existing di-

spgters (in terms of increase in total quantity of

pas and enrichment of its methane content), by keeping

the metabolic processes of microbes at the optimum

under varyin

certaln additives hav

g thermal environments with the help of

e been studled. oSubstances such

R%



as powdered activated cnarcoal, pectin, and tween 30
snowed exceptionally enhanced gas production with
enricned methane content. They also gave lower
content of volatile aclds indlcating high process
stability. It is evident from this study that, in
presence of additives lile powdered activated charcoal,
pectin , and tween 80, volatile acids were consumed at

a faster rate than that in the control.

It has been documented that protein and
carbohydrate fermentating bacteria grow rapidly,
and the substrates are rapidly degraded into fatty
acids even under unbalanced state (10%). However,
the fermentation of fatty aclids does not occur until
the retention time or other factors are favourable
for the growth of fatty acld fermentating bacteria
(73,7h). Therefore the rate limiting step in methane
rermentation often involves the degradatlon of fatty
aclds which is related to the efficlency of H2 utilization
by methanogenic bacteria, From the present study, it
certainly appears that, these additives enhance the
methene forming steo of the digestion process. They

elso increased the rate of blodegradation by reducing

the values of BOD and COD.

Powdered ectivated charcoal and pectin served the

30



function of shock absorbents so that gas vroduction does

not get significantly affected with variation in tempero=-

ture.

Analysis of the data shows that powdered activated
charcoal and pectin may be providing adsorption sites
where substrate can accumulate therby providing high
1ocalized substrate concentration. These areas of

adsorption vrovide a more favourable growth environment

for bacteria-substrate system.

Tween 80 may be improving digestion process
either by providing more favourable environment for
microbes to grow or removing inhibltors from the en-

vironment through 1ts unusual property of polymeric

sorms (micelles) (133).
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