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INTRQDUCTION
The anaerobic fermentation process converts organic material to

high energy biogas which is composed of methane and carbon dioxide.

The process nas been used in waste treatment to produce biogas for

at least one hundred year.
Recently industry has changed from resources destroying aerobic

to resourc~-conserving anaerobic waste water treatment. By anaerobic

treatment a combina t ion of energy deficient waste water purification

and ~nergy recovery in the form of biogas production can be achieved.

These facts are of great interest for pulp and paper industry which

is a maj or sou rce of organ ic pol lu t i on.

BASIC FACTS
A fast degradation of organic material t ak e s place al·ongwith the

release of considerable amount ,of heats under aerobic conditions. The

major part of degradation is brought about by bacteria and fungi. End

products are new microbial cells and carbon dioxide. The active o rg a-.«

ism can utilize a large amount of the energy stored in the organic

materials degraded and they grow fast. Aerobic degradation (in the

presence of oxygen) of glucose takes place in the follo~ing way:

'.'

C6H1206 + 02 = CO2 + 6H20 + Ne~ Cell and Heat.

Thus in aerobic condition, approximately 60% of energy available .

in g~ucose is stored in new cells and 40% is lpst as.heat. Under ana-

erobic conditions i.e. in the absence of molecular oxygen,the energy

yield of micro-organism is low and particularly the methanogehic bact-

eria grow slowly. Glucose is degraded as:

C6H1206 3CH4 + 3C02 + New Cells + Heat.

Here 90 % of energy is recovered in the form of methaner 8 % of
energy is ~vailable in the new cells as glucose. and 2 % lost as heat.

Therefore heat loss i~ about 20 times higher cinder aerobic than under

anaerobic conditions when g l u cos e is d eg rad ed,
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Or'ge n r c ma t e r ia l is anaerobically fermented by bacteria stepwise

to methane (50 - 70 %) and CO2(30 - 50 %) with the production of bac-

terial cells. The biogas has an energy c on tem of 18-24 MJ/m3 compa-

red to value of 373 MJ1m3
' of pure methane. If waste water contains

lignified cellulose, the hydrolysis i.e. liquefaction is a rate-limi-

ting step. When soluble substrates are treated, the conversion of

acetate to CH4 and CO2 is considered as rate-limiting steps. When the

process is poorly functioning then accumulation of propionic and but-
yric acid takes place.

WAST~_WATER: Waste water from pulp and paper industries often

contain toxic components which can inhibit biological treatment. Some

of these originate from wood e.g. diterpene resin acid~, diterpeneal-

cohols, long chain unsaturated fatty acids and juvabiones. Others com-

pounds that are formed during pulping and bleaching by chlorihation

are chlorinated resin acids, phenols, fatty acids and chlorinated lig

nin residues. Originally conventional anaerobic treatment required

highly concentrated waste water and now it has been found that there is

no concentration limits for this treatment as the concentration of inh-

ibi t ing substances does not always influence the BODr Even i fBOD
7
-

Concentration remain constant, the content of toxic compounds may vary

con s i d e rab ly wi t h severe con sequences for. bioi ogi ca 1 t rea tmen t sys t ems.

Although.the active microorganism have a remarkable ability to adapt

to toxic compounds, it sometimes becomes necessary to remove most of the

toxic matter b e f o r e biological treatment takes place. Two possible pr-

etreatments to detoxify the waste water are foam separation and chemic-

al p r e c ip i t a ti on . An example is sulphide ion wh t.ch inhibit anaerobic

degradation, especially methane formation. Sulphide inhibition be avo-

ided by precipitation with ferrous salt.

It is usually necessary to adjust the pH and to add Nitrogen and
Phosphorus nutrients before anaerabic treatment of waste water from

pulp and paper industries. Many waste waters from pulp and paper indu-

stries have been anaerobically treated in laboratory, pilot or full sc-

ale systems. Certain waste waters ~.~.g: condensates are successfully
treated while other containing toxic"'~atter inblack liquors and bleac-
hing effluents cannot be treated.
IPfTA Convention Issue 1987
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Mill sludge&:. fibre sediments: Anerobic decomposition ofcellulo-

sic mate-rial is common natural process occuringin lake sediments,land-

fill waste disposal sites and in the s t omach.s of ruminating animals.

Pulp and paper industries discharge large quantities of fibres and diff-

erent types of sludges. Th e r s wastes correspond to large'quantities of

energy consumed by the treatment and disposal processes and large amou-

nts of po t.en t t a l energy and the recovery of potential energy the demand

for using anaerobic treatment of these wastes has greatly increased.

Miiny types of'waste water from the pulp and paper industry have

been sUccessfully treated ~naerobically on a laboratory and pilot scale

All the~e experiments have been of great value to prov~ the high pot~n-

t t a l s of anaerobic treatments but also to emphasize the weak points of
the process.

The black liquors effluent were treated in a fixed, expanded and
fluidi-zed anaerobic filter. Both waste waters' treated and untreated

was analyzed for toxicity for aquatic species still had high toxicity e .

The toxicity was reduced by anaerobic treatment. Full scale anaerobic

treatment coupled by an aerobic polishing reduces the toxicity.

Large quantities of fibres from pulp and paper industry are depo-
sited as bottom sediment if not removed and may effect downstream ind-

ustries. In many cases the fibre sediments are contaminated with org-

anic and inorganic compounds which cause environmental problems. It is

important to remove these fibre sediments and effective dredging and

dewatering technique has to be developed. Presently there_is no seri-

ous interest in the reuse of f t b r e s recovered from the sediments with-

in pulp and paper indu~try bu~ they will also represent a valuable so-
urce of energy which can be reused by anerobic treatment.

The economic value of thebiogas produced represented about 150 %
of the estimated investment cost of the anaerobic t r ea tmen t plant. Eco-

nomic bene~its are. also a ch i ev ed by -dra s tt c r~ductionof the sludge vo-
lumes that have to be dewatered and deposited. A .rough e s t tma t e shows
a volume r,duction of 80~90~.

FUTURE. SCOPE
It is thus clear t hat B.l'laer'obic treatment, is a powerful tool in an

effort to tmp r ov e wastewater treatme,ntsystem for .pu l p and paper indus-

try especially when waste and energy benefits ar e taken into cons1d~r·a-
t i on • IPPTA Convention 'Hue 1987
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Further stUdies are needed to

for full scale application. It is

waste water as a unique substrate.
•has to be carefully examined with ~espect to the following p~rameters

generate basic information necessary

undqubtedly important to handle each

Thi s means that each waste wa t er

among others.

- Toxi city

- pH regula t i on
requirements of nutrient

_ sensitivity against shock loadings.

There is further scope of study dealing with anaerobic treatment

of some different types of waste sludges o r t g t na tt ng from the pu'Lp &

paper industry. The purpose ~s to ~onfirm the technical and economical

potentials of. separate or combined t r ea t.men t of different sludges pri-

marily those which are characterized as difficult to handle by conven-

tiona 1 met h od s .
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