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ABSTRACT

Anaerobic digestion has so far been mainly used for
waste and wastewater treatment, but the concomitant
production of biogas is increasingly important and

this aspect is the main subject of this paper. Some
basic concepts of biogas production are briefly dis-
Cussed, e.g. metabolic pathways of methane synthesis and
different process designs.

Data for the recovery of methane from different substrates

are presented and some advantages of biogas development in
the Third World listed.

The potential énergy contribution from biogas would be
significant if the major kinds of biodegradable organic
waste, e.g. animal manure and municipal refuse and further-
more energy crops, e.g. giant brown kelp were treatea by
anerobic digestion. In the future it might even be feasible
to use methane produced by anaerobic digestion as a raw
material for chemical manufacture.



INTRODUCTION

Methane is a major component of natural gas and an important
feedstock for the production of chemicals. Since the supply
of natural gas is limited, new ways of producing synthetic
natural gas must be found. In this context, interest has
been focused on controlled biological production of methane,
anaerobic digestion.

Anaerobic digestion was developed about 100 yYears ago as

a biological treatment method for municipal sewage sludge.
The methane produced was an extra benefit since it could be
used for heating the reactors (to 3OOC) or for street
lighting. Anaerobic digestion is still basically a biological
waste and wastewater treatment procedure, though the re-
covery of energy in the form of methane has become increa-
singly important. In many countries projects have been
initiated aimed Primarily at the production of methane
(biogas) from biodegradable organic waste or from energy
Crops by anaerobic treatment.



ANAEROBIC METHANE FORMATION

Different kinds of organic wastes and waste waters may be
used as raw material for methane production. The bio-
degradable components are converted to methane according
to the following simplified scheme:

Biogas

CHJKD
90-95%

Biodegradable
organic material
100%

— > Bacterial cells
>~10%

Organic material is fermented by bacteria Stepwise to
methane (50-70%, v/v) and carbon dioxide (30-50%) with
concomitant production of bacterial cells. The mixture

of methane ang carbon dioxide is called biogas and has

an energy content of 18-24 MJ/m3, compared with a value of
B 3 MJ/m3 for pure methane.

A considerable amount of the €nergy present in the raw
material can thereby be recovered as methane.

A more detailed presentation of methane formation is shown
in Figure 1. Complex organic material is hydrolyzed to
soluble organics and these are converted to volatile
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Figure 1. Metabolic pathways of methane formation




fatty acids. The higher volatile fatty acids, e.9.
pPropionate and butyrate are degraded to acetate,

carbon dioxide and hydrogen and these compounds are used
by the methane- producing bacteria as carbon and energy

sources for the formation of methane.

The methane—producing bacteria are slow-growing and strictly
anaerobic. In wastewater treatment systems they are complet-

ely dependent on other bacteria for the removal of oxygen
from their environment. Our present knowledge about this
interesting group of bacteria has been summarized in two
recent reviews (Zeikus, 1977, Balch et al., 1979).

PROCESS DESIGN

Typical process designs for anaerobic digestion plants are
illustrated in Figure 2,

Conventional digesters are commonly used in developing
countries for the anaerobic digestion of manure.

The digester contains a mixture of manure and water.

A certain amount of manure and water is added to the
reactor daily and the same volume of reactor content

is removed. The biogas produced is collected at the top

of the reactor and stored in a tank.

gigg_gggg_g;ggggggg are used for concentrated wastes
and wastewaters, €.9. sewage sludge. The sludge is
intermittantly added to the reactor and the reactor
contents are carefully mixed. The biogas formed leaves

the reactor at the top and is collected in a gas holder.
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TQQ_QBQQEQQEE_99§E§92_9299§§§ has been developed to
treat more dilute wastewaters. The wastewater is added
continuously and the effluent from the reactor passes

a sludge separation device. A part of the settled sludge
containing active bacteria is recycled to the reactor.

By keeping the active bacteria in the reactor for a longer
time than the wastewater passing through, dilute waste-

waters can be efficiently treated.

The_anaerobic filter process has been developed to treat
wastewaters almost free from suspended solids. The reactor
contains a solid support, usually a plastic matrix or
stones. The active microorganisms grow attached to this
support material or as free flocs in the interstices.
Although the wastewater is continuously pumped through the
filter relatively fast, the active microorganisms remain in
the reactor. Consequently, dilute wastewaters can be
efficiently treated. '

The_up-flow_anaerobic sludge_blanket_process (UASB)

was developed by Lettinga and coworkers (Lettinga & van
Velsen, 1974, Lettinga et al., 1980).

The wastewater is continuously added to the bottom of

the reactor and passes up through a layer of active
microorganisms (a sludge blanket) where most of the degrada-
tion takes place. The sludge is agitated by the gas
produced. The active microorganisms form sludge pellets
with excellent settling properties and a very high sludge
concentration can be maintained in the reactor,
Consequently, this reactor can be operated at a very
high organic load of approx. 15 kg COD/m3-d. The reactor
is provided with a sludge-settling device to keep the
sludge in the reactor.



theoretical point of view. In many ways this process is
similar to the UASB-process, but there are certain

advantages. The reactor is partly filled with a solid
material, e.g. sand particles with diameter of 0.3-1 mm.

The active organisms grow attached to these particles and

a very large surface area is thereby exposed to the wastewater.
Wastewater is introduced at the bottom of the reactor and

the up-flow rate is high enough to expand or fluidize the bed.
Usually it is necessary to recycle part of the effluent to keep
the bed fluidized. A high sludge concentration can be main-
tained in the reactor and the sand-containing sludge particles
settle easily.

A fluidized bed reactor can be operated at a very high

organic load. This type of reactor has been successfully
operated in pilot scale, but many practical problems

remain to be solved before full scale operation is generally
feasible. A major problem is to distribute the incoming’

flow of wastewater evenly across a reactor bottom surface

of maybe 50-100 m2.

No single type of reactor is suitable for every situation.
Depending on the properties of the waste or wastewater

beeing treated, the most suitable process must be chosen.

BIOGAS UTILIZATION

The biogas produced can be used for one or more of the

following purposes:

- Heating ( a stove, the reactor)

- Pumping (water)

- Lighting

- Producing electricity

- Fuel for vehicles (gas cleaning and compression
of the methane necessary)



OPERATIONAL PARAMETERS

The following conditions must be met for anaerobic
digestion:

l. A wastewater rich in biodegradable organic

substance

2. A good nutritional balance (e.g. BOD7, N, P, micro-

nutrients)

3. Absence of toxic compounds (e.g. heavy metals,

chlorinated hydrocarbons)
4. pH 6.8 - 8.0
5. Temperature 30 (10) - 60°C

6. Water content > 80 %

Many times measures have to be taken to correct an improper

nutritional balance or to adjust pH.

RECOVERY OF METHANE FROM DIFFERENT SUBSTRATES

Many substrates are suitable for methane production and

they are of two different kinds:

1. Organic wastes and wastewaters
2. Crops grown especially for methane fermentation

(energy crops)

Some substrates suitable for methane production have

been listed in Table 1. Many kinds of organic material

can be fermented to methane. One notable exception is

lignin, which is resistant to microbial attack under

anaerobic conditions. Consequently, some wastewaters from the
paper and pulp industries are not well suited to methane
fermentation without pretreatment to increase biodegradability.
This pretreatment could be chemical or enzymatic.



mmmOAmm

(6L6T) “Te 3o sseTy w  87°0 PSPPe SA B/ W LT°0 " diey jueth —

(6L6T) PTRUOUOW 3 UO3IISATOM - Jybteom AKiap mx\mE €2°0 I93s9bTp °o3ex ybrtH J3uToeAy I93EM —0
:sdoxo Tetoadg

(086T) "Te 3 I°99| I2p ueA N 6~ *I3S9p dod mx\mE o€ 0 ssoooxd gsvn 399q IBHNS —0
(086T) TT®3soxg u £°E . ST°0 Poq pezIpINnTJd sosseTow 399 —

(6L6T) “Te 32 33TM P W/ W geg PePPe 40D B3/ W 7z 0 . I93TTd unb renH —

(086T) ssoy " wb " L eP2PP® 40D mx\mﬁ 69°0 sseo0xd 3oe3U0) AIASTTTIISTP OUTM —

'SSTIISNPUT UOT3IE]
-UswISJ pue pPooJT

WOIXI sI23emalseMm

Awhmﬂv m._...H.HOZ = " vN.O n u
(9L6T) °"Te 3I® 3jueliag " v c " ¢z o " Axtep —
(LL6T) °Te 3I® ojowrysey u 9itiE u S€°0 " u
(LL6T) °"Te 3@ Taxep ‘ " S°¥ peppe SA mx\mE €C°0 " F99Y =
‘aanuey
(LL6T) "T® 3° ybneqziaemg " 65°0 *I3SSp SA mx\ma 9% 0 i osnyeox TedroTuny
uspems ‘QbutpT
jueTd 3juswileaIl obemas
eTeddey woxz ejeq @.mE\mE 89°0 poppe SA mx\mE TI€°0 I93s9bTp o3ex ybrH obpnTs TedroTuny
I23s9bTp suntoa aad uotjlonpoad
Ioyany uot3onpoad sueylsy 2URYIDN Ss@001g 23eI3Sqns
puewesq usbAxQ TedTWSYD = QoI SPTTOS STTI3IRTOA = SA

"S93BIISANS JUSISIITP WOIF PaASTYOE uoTjonpoad osueylop ‘T 91q®eL







