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Abstract

Laboratory batch experiments were conducted, at room temperature, to investigate ways of optimising the performance of primary
sludge acidogenic fermentation systems, used at four major Johannesburg waste-water treatment plants. Retention time, seeding,
solids concentration and mixing were found to be important variables governing volatile fatty acid (VFA) production. B&east 7

of the potential VFA yield was reached within 6 d fermentation time. The addition of partially fermented sludge to fregh primar
sludge improved the VFA yields after 6 d from between 48 to 170%, using a one-to-three-day-old fermented seed sludge, of 10
to 20% (v/v) the total volume of sludge in the fermenter reactor. A threefold dilution of the primary sludge with priteary sett

tank effluent, and the absence of mixing in the batch reactor, each showed at least a 70% improvement in the VFA yields.
Furthermore, dewatering of fermented sludges with a cationic polyelectrolyte can be applied as a final solid-liquid separation
technique with elutriation of the desired adsorbed organics, generated during the digestion process, to the supernatant liquor.

Introduction phase” anaerobic digestion products are greatly influenced by
parameters such as retention time, pH, temperature, waste-water
Background characteristics, reactor configuration, trace minerals and oxida-

tion-reduction potential (Ghoshkt al, 1975; Elefsiniotis and

Municipal raw sewage represents a potential feedstock of readDjdham, 1991 and 1994). Eastman (1977) identified hydrolysis
biodegradable carbon including VFAs (Eastman, 1977). Suffef particulate organic matter to soluble substrate as the rate-
cient levels of VFAs in the influent can provide the key tdimiting step during the acid generation phase of anaerobic
efficient biological nutrient removal (BNR) in waste-water treatdigestion. Lilleyet al (1990), reported that VFA formation is a
ment (Venter et gl1978; Barnard, 1984; Rabinowitz and Oldhamfirst-order reaction with a maximum potential conversion of
1985a and b; Osborn et,d@989). The VFAs pass readily throughinfluent COD to VFA of 17%, at 20°, at retention times of less
the cytoplasmic membrane of heterotrophic organisms presentivan 10 d. They also reported that VFA yields could be improved
the sewage flora of the BNR process, to be metabolised internalijth seeding of partially fermented sludge. However, the effect
as a carbon or energy source (Lilley ef 4090). of seed age and size of seed inoculum, on the conversion rates of

Acid-phase anaerobic digestion of primary settled sludge particulate matter, still needed further investigation. This forms
used in South Africa and other parts of the world, to generapart of the focus of this research paper. Furthermore, Skalsky and
VFAs, and so to boost the fraction of readily biodegradablBaigger (1995) reported higher VFA yields at solids concentra-
carbon in the feed waste water (Pitman, 1995). This includes bdtbns of less than 1% (m/v) compared to 2.6% (m/v) solids at 2 d
in-line and side-stream fermentation facilities, the latter allowingetention time. This may have been linked to better mixing or a
for more operational flexibility and control. In-line systemsreduction in inhibitory substance effects in the dilute reactor.
increase the solids retention time in the primary clarifier td his solids inhibitory effect, however, was not observed by Lilley
promote fermentation (Barnard, 1984; Frese et al., 1993; Pitmaat,al (1990) at 11 000 to 42 000 mg VESVSS = volatile
1995), while side-stream systems capture and retain the solidssirspended solids).
a separate fermenter and feed a VFA-rich ferment to the BNR In the four Johannesburg systems, relatively long solid reten-
process or back to the primary clarifier (Comeau et1#l87; tion times (6 d) are needed, to obtain suitable VFA levels for
Rabinowitz and Oldham, 1985a and b). At four of the majonutrient removal (Pitman, 1997), and therefore relatively large
Johannesburg waste-water treatment plants, separate side-strémentation tankage volumes are required. Furthermore, meth-
thickeners and elutriation tanks have been introduced, for feane production is more likely to occur at longer retention times
mentation and extraction of the VFAs to the supernatant liqudi6 to 10 d) and reduce yields of VFA (Osborn et al., 1986; Lilley
to combat erratic biological P removal as a result of low VFAt al, 1990). Supplementary chemical addition with iron salts to
concentrations in the waste-water feed (Osborn.e1986) and the BNR process is needed, particularly when the influent ratio of
reduce the need for chemical P removal (Pitman et al., 1991)phosphorus to total carbon load (i.e. TP/COD) is high (e.g.

Research, undertaken over the years to increase the undgproximately 0.02), to achieve the regulatory effluent limits on
standing of VFA production, has indicated that these “acigshosphate (Pitman, 1995). This is costly and it was the objective

of this research paper to investigate ways to optimise the VFA
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process design criteria outlined. Moreover, the high solids cokffect of seeding

centration of fermented sludge generated in the thickeners at the

Johannesburg plants had proved difficult to deal with, havinwo batch tests (i.e. Batches 3 and 4) were conducted, using
poor settling characteristics and contributing to plant odours. TINRAW sludge, to study the effects of the age and size of seed
poor settleability caused an increase in solids carryover aimbculum on the rate of VFA production. For each batch test, fresh
unwanted additional loading of the BNR process. The use ofpaimary sludge was collected and allowed to ferment in one

more sophisticated sludge handling technique (viz. dewatering i@actor with mixing. This provided seed bacteria as well as

this would be compatible with existing waste sludge handlingerving as the control experiment.

facilities on some of the Johannesburg plants) was also investi- In Batch 3, three reactors, namely one control (NRAW at

gated as a means of solid-liquid separation and extraction of #®8% m/v TS) and two seeded reactors were used. Initially, the

adsorbed VFAs from the fermented primary sludges. control reactor was allowed to ferment for a total of 6 d. On Day
3, seed aliquots were removed from the control reactor and added
Experimental to fresh feed stock, at 10% and 20% (seed volume/total volume),

in the second and third reactors, respectively. These seeded

The primary sludge used in this study was obtained from foweactors were also allowed to ferment for a total of 6 d.

major BNR plants in Johannesburg, namely Northern Works Batch 4 was set up identically to Batch 3, except that a fresh

(NRAW), Goudkoppies (GRAW), Olifantsvlei (ORAW) and sludge sample (NRAW at 1.2% TS) was used, and on Day 1, a

Bushkoppie (BRAW). The sludge was collected from theeed aliquot was removed from the control reactor and added to

underflow lines of the primary clarifiers. Settled tank effluenfresh sludge, in a fourth reactor, at 10% (v/v).

(STE) was collected from the overflow lines of the primary Feed stock was taken from primary sludge stored at 4°C. The

clarifiers. Anaerobic batch reactors, with a liquid volume bf 5 cold sludge was allowed to equilibrate to room temperature first

were used, each equipped with a central stirring shaft connectlas to avoid cold shock and possible inhibition of the acidogenic
to a 90 W output, 36 r-mirmotor. The reactors were filled with bacteria.

fresh primary raw sludge and the experiments were run at room

temperature. Daily maximum temperatures ranged from 18 Effect of dilution and mixing

28°C in these batch tests.

Batch 5 used ORAW (4% TS) sludge. Five reactors were run in

Acid generation characteristics of different sludges parallel for a period of 6 d. Reactor 1 (control) was allowed to

ferment with mixing. In the next three reactors, ORAW was

Two separate batch tests (Batches 1 and 2), were run to evaluditeted with STE to a final concentration of 3, 2 and 1% TS,

the acid fermentation characteristics of the four Johannesbuespectively. The last reactor, was filled with ORAW (4% TS)

primary sludges. Four reactors were run concurrently for eaeimd allowed to ferment without mixing. Prior to sampling,

batch test i.e. the reactors were filled with NRAW, ORAWhowever, this reactor was mixed for 15 min to ensure that a

GRAW and BRAW respectively, with total solids (TS) concentepresentative aliquot was taken.

trations ranging between 0.5 to 5.5% (m/v), and then allowed to In Batch 6, three reactors were run concurrently for a period

ferment for a period of 8 d. The effects of acid fermentatiorof 6 d. NRAW (1.5% TS) with mixing, served as the control

specifically VFA levels, soluble and total chemical oxygerexperiment. In the second reactor, NRAW was diluted with STE
demand (COD), nitrogen (TKN and NI) and phosphate (TP to 0.5% TS and allowed to ferment with mixing. The third reactor
andortho-PO), were monitored for each sludge type, on a dailyvas filled with NRAW (1.5% TS) and allowed to ferment without
basis. Total (TS) and volatile (VS) solids concentrations wemixing.

determined every third day. All the analytical tests, were con-

ducted in accordance witandard Methodgl995) (i.e. method Dewatering of fermented sludge

numbers 5220C; 4500;N NH, P; 2540B and E respectively),

except the VFA analysis. In order to evaluate the recovery of VFAs after dewatering a
The VFA content was measured using a headspace-gas ctasmented sludge sample, 8 d old fermented sludge, from the four

matography system (Perkin Elmer HS40 - Hewlett Packatdleatment plants, was dosed with a cationic polyelectrolyte

5890), equipped with a flame ionization detector (FID). A 25 niZetag 57, Chemserve Colloids). On the basis of visual floc

0.5% phenyl-methylsilicon column was used. formation viz. size of floc, a dose of 10ror 15m 0,1% (m/v)

* Headspace parametersSample temperature, 75°C; NeedleZetag 57 was added to a 100 rliquot sample with vigorous
and transfer temperature, 130°C; Thermostat time, 31 mistirring for a few seconds. The sample was then filtered through
GC Cycle time, 22 min; Pressurisation time, 5 min; Injectio’Whatman GF-C filters and the levels of VFA, ortho,Rd
time, 0.1 min; Withdrawal time, 0.2 min. NH,-N in the liquid phase, measured.

* Gas chromatography (GC) parameters Initial tempera-
ture, 35°C. Initial time, 1 min; Rate 1, 10 degree/min; FinaResults and discussion
temp 1, 95°C; Rate 2, 50 degree/min; Final temp 2, 230°C;

Final time, 5 min. Helium 10 psi. Detector and injectorAcid fermentation characteristics of different sludges
temperature, 250°C.

» Esterification method: 10 nl of sample was pipetted into a Volatile fatty acids
headspace vial. 0.5Inconcentrated sulphuric acid and IL m
ethanol was added to the vial and capped. The vial was boilBdtch studies of acid fermentation, with the four primary sludges
in water for 30 min and placed in the headspace samplegsted, show that VFA production begins immediately in each
Samples were prepared in duplicate. The GC column waase, increases at a rate that continually declines, and approaches
calibrated by injecting from a standard VFA solution (prea maximum potential VFA concentration after 8 d. VFA produc-
pared as for sample) in a headspace vial.
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120%

controlled in our experiments, and VFA generation kinetics
would be improved when maximum temperatures reached 28°C

100% (Eastman, 1977; Gupta et al., 1985; Elefsiniotis and Oldham,
1991). The temperatures of these batch tests were typical of the
80% warmer summer climate in Johannesburg. Average temperatures
/ during the winter months can drop to 12 to 16°C, causing a
60% //7

decrease in VFA yields (Eastman, 1977). In a separate batch test,
Banister (1996), found that VFA yields decreased by 45% at 12°C
compared to yields observed at ambient temperatures similar to
those reported here viz. daily maximum of 22 to 28°C, in NRAW
20% | (1% TS) after 6 d retention time. Skalsky and Daigger (1995),
reported that VFA production at 14°C was approximately 42%
0% } | | ! ! less than that observed at 21°C.
0 1 2 3 5 6 8 Furthermore, since little more is gained, in VFA yield, by
extending the retention time over 6 d (Table 1), as well as the
TIME (days) increased possibility of methanogenesis commencing (Lilley et
—o— NRAW —@— ORAW —A— GRAW —»— BRAW al., 1990), it was decided to limit the retention time to 6 d in
subsequent experiments. Solids retention times at full scale
exceeding 6 d require large tankage volumes and this becomes
Figure 1 very costly (Skalsky and Daigger, 1995).
Normalised relationship of VFA production in different Table 1 also gives the net average VFA yields for each of the
sludges after 8 d fermentation time, i.e. NRAW at 1.7%, sludge types tested in Batches 1 and 2. Yields ranged between
ORAW at 5.6%, GRAW at 0.7% and BRAW at 0.5% 0.07 and 0.18 mg VFA (expressed as COD)/influent mg VS at a
(mass/volume) TS, respectively retention time (SRT) of 6 d, 0.47 to 5.6% solids. VFA yields
reported here would again seem to depend on the sludge compo-
sition. Skalsky and Daigger (1995) reported similar yields of 0.06
tion therefore appears to conform to a first order reaction &s0.26 mg VFA/mg VSS at an SRT of 2 to 6 d at temperatures of
reported by Lilley et al(1990). Similar patterns of VFA 14 to 23°C, and 0.43 to 2.6% solids. It is significant that relatively
production were followed by each of the four sludges in batch tesiver VFA production yields were observed, in each set of
1 and 2. Normalised time profiles for acid generation in Batch g&xperiments, for the ORAW sludge (Table 1) which may also be
calculated as a percentage of the total VFA production at the elintked to high solids concentration (Skalsky and Daigger, 1995)
of the 8 d fermentation period, are presented in Fig. 1. or high levels of VFAs in the sludge itself (Pavlostathis and
Three of the sludges viz. NRAW, GRAW and ORAW follow Giraldo-Gomez, 1991; Dinopouloet al, 1988). ORAW had a
similar VFA production trends, while BRAW shows a higherhigher total solids concentration in the order of 5%, compared to
VFA production rate during the first 3 d retention time. This i€oncentrations of 0.4 to 1.7% for the other primary sludge types
most likely due to differences in sludge composition. VariabléTable 1). The effect of solids concentration on VFA vyields, is
waste-water solids degradability makes the design of fermentdiscussed later. Another possibility could be linked to the visible
tion systems more difficult, and emphasises the need to rhigh fat and grease content in ORAW, which according to
preliminary evaluation studies for each primary sludge typEastman (1977) is degraded at a much slower rate during acid
before design criteria are specified.

40%

VFA TOTAL(percentage of net yield)

In these batch experiments (Batch 1 andl TABLE 1
2) approximately 9% conversion of the initial AVERAGE VFA (AS COD) YIELDS PRODUCED IN DIFFERENT PRIMARY
reactor sludge COD to VFA was achieved by SLUDGES (BATCH TEST 1 AND 2) AT ROOM TEMPERATURE
the sixth day of fermentation (see Table 1)
This is at least 77% of the potential VFA| Sludge Total Net 6 d VFA yield 6 d VFA yield/
yield after 8 d (Table 1). This figure is similar | type solids 8d VFAyield
to Rabinowitz and Oldham’s (1985 b) pilot- % mgVFAas | mgVFAas %
plant studies, at approximately 10% mg VFA CP'?’_ CP'?’_
as COD/mg primary sludge COD after 3.5 to ";?l;zg;al ";?J:g;al
5 d, 21°C. In general, conversion of initial coD VSS
COD to VFA is relatively low. It contributes
only a small percentage of the readily biode; Nraw 1.2 0.102 0.175 82
gradable COD requirement for BNR removal
and improvement would be beneficial to ORAW 55 0.046 0.072 77
process performance (Rabinowitz and
Oldham,1985b; Pitman et al., 1991). GRAW 0.95 0.095 0.169 91

The COD conversion figure is, however,
higher than the maximum potential figure| graw 0.48 0.108 0.182 92
quoted by Lilley et al(1990) in laboratory
batch studies, of 0.065 mg VFA as COD/ mg Average ) 0.088 0.150 86
influent sludge COD at 6 d, 20°C. The differ-
ence may be attributed to sludge composit (Daily maximum temperature 18-28°C)
tion, or to the fact that temperature was not
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of Batch 3, and this may be attributed to the
TABLE 2 sludge composition, since the solids con-
EFFECTS OF SEEDING ON VFA PRODUCTION YIELDS FOR NRAW PRIMARY centrations were similar. However, there is
SLUDGE, AFTER 6 D FERMENTATION TIME (BATCH 3 AND 4 RESPECTIVELY) also the possibility that methanogenesis
Sludge Total Seed age Seed Net VFA/ }[Nas OCCl:mng’ smci.thﬁ mgxllgmltjmh im'lk')li)Tt
type solids Days volume/ Initial COD emperatures were higher in batc ( abe
% total 2), thus increasing the rate of formation of
volume mg COD/ VFAs (Gupta et al., 1985). and prevalence
% mgsludge of substrate for the methanogens (Pavlo-
COD (initial) |  stathis and Giraldo-Gomez, 1991). While
the acidogens grow faster than the
NRAW Unseeded|  0.98 - 0 0.081 methanogens, which convert the VFAs to
NRAW Seeded 3 10 0.189 methane, CQand water (Pavlostathis and
NRAW Seeded 3 20 0.216 Giraldo-Gomez, 1991), methanogens may
be also be present in the seed sludge in
NRAW Unseeded| 1.17 - 0 0.091 sufficient quantities to reduce VFA vyields.
NRAW Seeded 1 10 0.150 At full scale, especially in semi-batch
NRAW Seeded 3 10 0.134 systems, one could allow partially fermented
NRAW Seeded 3 20 0.135 sludge (Pitman, 1995) (< 3 d old) to remain
or be added to, the fermenter tank to seed
Daily maximum temperatures ranged from 19 to 20°C (Batch 3) and 22 tq 28fk¢ fresh incoming sludge and optimise
(Batch 4). process performance.

Effect of dilution
phase digestion.

Composition changes and trends in these batch tests, WitRA yields in diluted and undiluted primary sludge reactors, are
regard to increases in soluble COD, ammonia and phosphate, ahdwn in Figs. 2 and 3, for ORAW and NRAW, respectively.
decreases in pH, in the four primary sludges, concurred WitfFA yields were significantly improved with a decrease in solids
previous batch studies on primary sludge, at laboratory scalencentration. Yields increased from 0.04 to 0.08 mg VFA as
(Lilley et al,, 1990; Pitman et al., 1991; Skalsky and DaiggerCOD/mg initial COD at 3.8% to 1.5% ORAW solids respec-
1995). VFA as COD accounted for at least half of the total solubtively, and 0.09 to 0.15 mg VFA as COD/mg initial COD at 1.2%
COD, while pH levels dropped to between 4.8 and 5.2 after 6td 0.53% NRAW solids respectively.
retention time. Release of phosphorus averaged 0.03 mg P/mg Evidence that inhibition of VFA generation occurs in the
VFA as acetic acid, while ammonia release averaged at 0.07 mgidogenic phase of anaerobic digestion, has been noted in the
N/mg VFA as acetic acid. The high concentrations of phosphoriigerature, although the proposed inhibitors (short-chain and
in anaerobically digested sludges, and the chemical treatmenti@fig-chain fatty acids, un-ionised volatile acids), as well as the
these sludge liquors, to reduce the additional nutrient load, whiétrm of the inhibition function (non-competitive, uncompetitive)
is then fed to the BNR process, is discussed in a second papet@oy (Pavlostathis and Giraldo-Gomek991, Dinopoulou et al
be published). 1988). The response observed here may be linked to the fact that
a dilute sludge reduces the inhibitory effect of fermentation
products or substrate (Skalsky and Daigger, 1995).

Figure 2 also indicates that there may be an optimum point of
Increasing the seed population of facultative micro-organismdilution of solids concentration, below which the drop in solids
capable of acid fermentation, with addition of partially fermentedoncentration will start to limit the actual VFA levels attainable,
sludge to fresh primary sludge, was found to significantly boosithough this needs to examined further. High solid concentra-
VFA vyields. This allows for reduction in retention time andtions (>2%) in the fermenter / thickener systems should therefore
consequently the tankage volume required for fermentatiobe minimised. This will also alleviate some of the sludge han-
Gross yields for NRAW were more than doubled with a 3-d oldling difficulties experienced at full scale with thickened sludge
seed (Table 2). However, increasing the size of the inoculum, @sbornet al, 1989).
the 3-d old fermented sludge, from 10% to 20% of the total Full-scale operation at lower solids concentration, will re-
volume, allowed for only very little or no improvement in VFA quire proportionally larger reactor volumes for a given sludge
yields (Table 2). retention time (Skalsky and Daigger, 1995). The economic

Table 2 also shows that the sludge age of the seed bacterialhesefits of higher yields at lower solids concentration, will
an effect on the acid phase kinetics. A 1-d old seed appearedherefore need to be weighed up against the costs of providing
improve the VFA concentration levels by a further 18% comhigher yields with longer retention times.
pared to the 3-d- old seed, after 6 d retention time, using the same
percentage seed volume. While the differences between a 1- &ffect of mixing
3-d old seed inoculum need to be investigated further, the
importance of organism constitution in the seed inoculum iSigure 4 shows the VFA yields of a reactor that was left unmixed,
highlighted. Acidogens must predominate in the inoculum angigainst a mixed reactor, following speculation (Skalsky and
initial mix of organisms for optimum VFA production in primary Daigger, 1995) that mixing may play a contributing role in the
sludge (Lilley et al1990). inhibition effect. VFA yields increased from 0.04 to 0.07 in

The net VFA yields in Batch 4 (Table 2) are lower than thos@RAW (3.8% TS) and from 0.09 to 0.15 mg VFA (as COD)/mg

Effect of seeding
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CONTROL DILUTED DILUTED  DILUTED

NET VFA YIELD as mg COD/mg COD(t)i
NET VFA YIELD as mg COD/mg COD(t)i

3.8% solids 2.7% solids 2.3%solids  1.5% solids MIXED UNMIXED

Figure 2 mNRAW 1.2% solids ORAW 3.8% solids

Effect of dilution on VFA production yields for ORAW
primary sludge
Figure 4
_ 0.16 Effect of mixing on VFA production yields for NRAW and
s ORAW primary sludges
3 0.14
2 012 enzyme at the lipid water interface (Heukelekian and Mueller,
a 1958) is increased as is found in more vigorous mixing condi-
8 0.1 tions. Since carbohydrates and proteins are the primary sources
2 0.08 of organic substrate in domestic raw sludge (Eastman, 1977) it
@ i would appear that the absence of mixing or slow/intermittent
9 0.06 1 mixing regimes supported hydrolysis and higher VFA production
g yields in primary sludge. It should also be noted that this increase
< 0047 in VFA production efficiency may be reduced at lower tempera-
s 0.02 tures or higher solids concentrations (discussed in previous
. section).
P4
CONTROL DILUTED Dewatering of fermented sludge
1.2% solids 0.5% solids
Dewatering of fermented primary sludge with a cationic poly-

Figure 3 electrolyte (Zetag 57), the flocculant routinely used at the Johan-

Effect of dilution on VFA production yields for NRAW nesburg sludge handling treatment plants viz. Northern Works,
primary sludge Goudkoppies and Olifantsvlei, allowed for good recovery of the

adsorbed soluble organics (as VFA) to the liquid phase (Table 3).
COD (initial) in NRAW (1.2% TS), in the mixed and unmixed On average, at least 84% of the VFA content of the primary sludge
reactors, respectively. Continuous mixing of fermenting sludges recovered in the dewatered effluent (Table 3).
is therefore not recommended for these primary sludges, and it Table 3 also shows that dosages of 3 to 27 g polyelectro-
appears time should be allowed for the primary solids in tHgte/kg sludge were needed for visual floc formation (size of floc)
fermenter tanks to settle and digest, for optimum VFA yields.and capture of the solids. Polyelectrolyte dosages were not
One explanation for this effect is that mixing may allow foroptimised for each sludge type in these experiments, but solids
more contact with the inhibitory substances (Skalsky and Daiggegncentrations of the filtrate were negligible (<0.01% (m/v)).
1995). Keeping the solids in suspension may also disturb t&®lids capture is important when considering the potential for
microenvironment where fermentation is taking place within th&irther P release from suspended solids in the filtrate (Pitman et
reactor or allow for oxygen entrapment inhibiting fermentation oal., 1991). Relatively high levels of phosphate and ammonia are
allowing some of the VFA to be metabolised. Moreover, slovalready presentin the sludge liquor of fermented sludge (Table 3).
diffusion flow regimes have been found to enhance hydrolysis dhis may cause additional nutrient loading on the BNR plant
carbohydrates and proteins, which have a considerably mosaen VFA-rich liquors are recycled. Further treatment e.g.
complex physical structure than that of lipids for instance (Tsaehemical precipitation or biological removal, of these fermented
1984). Enzymes then have a longer time to diffuse and penetratedge liquors may be needed to ensure compliance with effluent
the macromolecular structure of the substrate. Lipids on the otrlischarge standards in nutrient sensitive areas (Pitman., et al
hand can be rapidly degraded if contact between substrate &291; Banister and Pitmaaybmitted to/Nater SA
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TABLE 3
DEWATERING OF 8-D-OLD FERMENTED PRIMARY SLUDGE WITH CATIONIC
ELECTROLYTE (ZETAG 57)
Sludge Minimum ortho-PO, NH_-N Total VFA
type poly dose mgP/l mgN/l mg acetic
(for visible acid
floc
formation)
g/kg
sludge
NRAW Control 0 68 190 2883
NRAWDewatered 8 50 140 2356
ORAW Control 0 24 350 4864
ORAWDewatered 3 12 260 3562
GRAW Control 0 25 110 1260
GRAWDewatered 17 25 75 1099
BRAW Control 0 24 100 873
BRAWDewatered 27 20 70 801

Future design of primary sludge acid fermentation systens®lids, on a plant equipped with sludge handling facilities viz.
could therefore include a solid-liquid separation step for theomposting, may provide a useful and simple alternative to
fermented sludge, using mechanical dewatering systems. Thisvity separation and recycle of fermented solids for elutriation
could replace gravity separation systems, which have been sho®fnVFA. This will extract the adsorbed VFAs and minimise solids
to be problematic in terms of solids carryover and odour (Pitmdoading to the BNR plant.
et al, 1991). It would, however, dictate that a sludge-cake New process design considerations should therefore include
handling process such as composting, would follow. At some bhck-seeding with partially fermented sludges to optimise growth
the Johannesburg waste-water treatment plants, use of existargl performance of the acid-producing micro-organism popula-
dewatering facilities may be more economical. Further investigiion and reduce retention times or tankage volumes needed.
tion is needed to assess the full impact and cost benefits Mbreover, primary sludge digestion without mixing and at solids
dewatering sludge, and treatment of fermented sludge liquorscidncentrations not exceeding 2 to 3% (m/v) is recommended for

necessary, on a BNR plant. maximum VFA vyields. Further batch-, pilot- and full-scale plant
testing of these new acid fermentation criteria will be needed in
Conclusions the future, to better define the final operation and control strate-

gies with respect to semi-batch processes using side-stream
Four primary sludge types from different waste-water treatmefgrmenters and elutriation/dewatering systems.
plants in Johannesburg were investigated. The results suggest
that the efficiency of VFA production is effected by a number cAcknowledgements
factors, including seeding, solids concentration, agitation and the
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