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ABSERJACI

Three factors affecting the rate and stability of the methane

fermentation of a readily-hydrorysable feedstock vrere

investigated. The aim of this work was to d.everop improved.

processes and control- strategies to facilitate economic treatment
of ind.ustrial wastes by anaerobic d.igestion

A comparison was made between the performance of a continuousry-
fed digester and semi-continuous digesters srug fed every second
day. A semi-synthetic medium eri.th grucose as the major carbon
and energy source was used and seed materiar was transferred.
between the digesters, which were operated under similar loading
conditions. The continuous digester repeated.ly failed even when
nnaral-oA .+ /l lv..elsLes su *ilution and loading rates much lower than the
maxi-mum values commonly reported. rn contrast, the semi-
continuous units provided satisfact,ory perfonnance and could be

easily and rapidly recovered from retard.ed. operation. Faj-Iure of
the contj-nuous digesters rdas characterised by a steady farl in
volatile suspended solids concent,ration forlowed by a rapid.
accumulation of acetate, and was attributed to a deficiency in
the medium of one or more essential nutrients. These erere

l:roughi to be provided in t.he semi-continuous diqester bv lvsis
of acidogenic bacteria or luxury uptake from the medium.

Degradation of acetic and propionic acids vras investigated. in
batch culture. rncreasing the concentration of either acid. from
lol l-evefs decreased the rate of utilisation of the acid, but the
proposed inhibitory role of un-ionised acids r.ras not conclusively
supported. rncreasing: the initiar acetate concentration above

1000 to 1500 mg.r-1 significantly red.uced the rate of degradation
^€ ^-^^l ^Jl^l ^! c^n 

--v! lvlvt,rvlrdus added at 500 mg.l-r. when acetate was add.ed aE
i

2000 mg.r-' the rate of propionate utirisation was approximately
half of that when ace!.ac.e was present at 500 rng.l-1 or l-ower.
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In batch culture experiments, addition of up to 3.2 nM cysteine-

hydrochloride or sodium sulphide, or 4 .4. ml'[ sodj.um

thioglycollate did not inhibit total gas production from samples

drawn from the continuous dig'ester. However the rate of methane

production in effluent samples from a semi-continuous dig:ester

was inhibited by 25 t to 30 t by addition of 3.2 mM cysteine or

sulphide. rnhibition was attributed to tbe sulphide ion. Sodium

thioglycollate did not inhibit methane production from acetate

but propionate degradation was markedly reduced, wit,h increasingt

inhibition noted with increasing incubation tirne.

The work adds to a considerable body of investigation into the

factors influencing: anaerobic digestion and. the unresolved

problem of process stability in long-term operation of
conventional stirred t.ank digesters has again been highlighted.
Indicators and possible causes of process failure have been

suggested and further development of these should assist in the

continuing increase in the rate of treatment while ensuring

acceptable working rnargins of safety for the Process.
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EBEREMTATTONS

Abbreviations of volatile fatty acid names:

Ac acetic aci-d

Pr propionic acid
iBu iso-butyric acid
Bu butyric acid
iVa iso-valeri-c acid
Va valeric acid

Acids will be reffered t,o by the suffLxes r-ate' and '-ic acidtr
interchangeably.

A subscript "i' denotes the intlal acid concentration.

Abbreviation of units:

atm atmosphere

s' gramne

hr hour

kcal kilocalorie
I litre
mg: milligrarune
min minute
mI nilli1itre
nm millimetre
mM milU:noles per litre
mo1 mole

mv ni-llivolt
r.p.m. revolutions per minute
pf microlitre
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other abbreviations:

a coefficient, of the logistic equation (dirnensionless)

ATP adenosine triphosphate
b coefficient of the logistic eguation (day-l)
BOD' five-d.ay biological oxygen demand (*g.f-l)
CDR1 continuous digestion, run L

CDR2 cont.inuous digestion, run 2
CDR3 continuous digestion, run 3

COD chemical oxygen denand (*S.f-1)

CODr chemical oxygen dernand removed (mg.1-1)

CODR' specific rate of chenical oxygen demand removal
(9 coDr.g vss-1.d"y-l)

cyst cysteine-hydrochloride
E" electrode potential relative to the saturated calomel

electrode (mV)

Eh electrode potential relative to the standard hydrogen

electrode (mv)

HRT hydraulic retention time (days)

i.d. internal diameter

K coefficient of the logistic equation (g.1-1)

K" half-saturation constant for sustrate utilisation
(n. ,_r )

NAD nicotinamide adenine dinucleotide
NADH reduced nicotinamide adenine dinucleotide
oLRs specific organic loading' rate (9 COD.g VSS-1.d.y-l)
OLR' volumetric organic loading rate (g COD.t-1.aay-1)

ORP oxidation-reduction potential
pCOZ carbon dioxide partial pressure (bar)

rs rate of substrate utilisation (g substrate.l-1.hr-1)
rsrmax maximum rate of subst,Eate utilisation
f,x race of biomass growth (g biomass.l-1.d"y-1)
s substrate concentration (n.t-t)
S total sulphur concentration (mM or ng.t-l)
SCDR1 semi-continuous digestion, runl
SCDR2 semi-continuous digestion, run 2
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s.d. standard deviation
sRT solids retention tir@ (days)

suJ.p sodium sulphide
t t,l-me

thio sodium thioglycoJ.J.ate
TSS tot.al suspend.ed soLLds tg.f-1)
Tvl'A total volatire fatty acid, concentration as acetate

(rng. r-1y
uwA un-ionised volatite fatty acid concentration as acetate

(mg. t-1)
\rFA volatile fatty acid (concentratlon) (rg.f-l)
vSS votatite suspended soHds (S.f-l)
Y*s bLornass yietd coefficlent (g VSS.S COD}

p specLfj.c gro$rth rate (aa"-f,
Fma* maximurn opecific Atrowth rate


