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4. EXECUTIVE SUMMARY

Objectives and Rationale
The aim of this study was to design a pilot-scale anaerobic sequencing batch reactor (AnSBR) to
investigate the optimisation of operational parameters with regards to pH, mixing intervals and feed
time.

Methods
Prediction models had to be developed to predict the optimal parameters for the treatment of
winery wastewater. To accomplish this a central composite design was used to establish the
operational parameters for the above mentioned parameters. The effect of these parameters was
investigated to determine their influence on the AnSBR performance.  Alkalinity, VFA, VFA:alkalinity
ratio, pH polyphenol reduction, sodium absorption ratio, methane %, COD reduction, COD ultimate
and TSS were monitored during this experiment. Another objective of the study was to be able to
characterise winery effluent with regards to the COD using near infrared (NIR) spectroscopy.
The AnSBR had to be able to treat winery effluent in the range of 0 – 10 000 mg.L-1COD and
remain stable.  Anaerobic granules were acclimatised during the early part of the wine season so
as to withstand high COD load.  The reactor had a working volume of around 200 L and roughly
100L was decanted every day.  Once acclimatisation occurred the CCD was followed to determine
the operational parameters. The following efficiency parameters were COD reduction, methane
percentage, VFA:alkalinity ratio, polyphenol reduction percentage, TSS of reactor effluent and
sodium absorption ratio.

Key Results
Winery wastewater could be characterised with regards to COD at wavelength range of 2254 –
2278 nm.  An RMSEP of 738 mg.L-1 was achieved which indicates that COD can be predicted to
within 10% of error using NIR which is a rapid, non- destructive and a green method. A result like
this shows its potential to screen winery wastewater or use it in-line in a reactor to monitor an
important operational parameter. The results of the CCD indicate that the AnSBR was able to
successfully treat winery effluent with COD values ranging from 0 – 10 000 mg.L-1 COD.  Average
COD reductions of 68.32 % were achieved along with a stable VFA:alkalinity of 0.23, average
methane percentage of 61%, polyphenol reduction of 53.35% and average ultimate COD of 1 766
mg.L-1. The optimal conditions for the selected parameters was a pH within 6.7 – 7.3 with a pH of
7.3 being optimal.  It was shown that a feeding time of approximately 180 minutes was optimal
along with a mixing interval of 84 minutes (10s every 84 minutes).

Key Conclusion of Discussion
These results verify previous work done by Laing & Sigge on the earlier Winetech study on AnSBR
technology at lab-scale, and it indicates similar optimal conditions for the treatment of winery
effluent. The experiment could be done over another season or it could be upscaled to treat higher
volumes in order to investigate its potential further. Recommendations for further design would be
to have a properly sealed reactor, with no floating lid to maximise the gas capture.  Mechanical
mixing can be employed instead of a liquid recirculation in such a small system as the pump shears
the bacteria reducing the reactor’s effectiveness.

Recommendation to Industry / Key take-home message
AnSBR technology shows potential to treat winery wastewater and lower COD levels to more
manageable levels. NIR technology also shows potential to be used to monitor wastewater quality
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rapidly, which can be crucial in any wastewater treatment system. Industry should consider
investigating a full-scale AnSBR at a small winery for further research and economic feasibility.

5. PROBLEM IDENTIFICATION AND MOTIVATION

Problem Identification

The wine industry utilises excessive amounts of freshwater yielding large amounts of wastewater for every
litre of wine produced. The wine sector is however, obliged to adhere to environmental legislation, and
therefore, treatment of winery wastewater is predominantly required before it can be discharged or even
used as irrigation water. Winery wastewater is difficult to treat due to the seasonal nature of its production
and the characteristic composition (acidic pH, high COD, suspended solids and polyphenol content)

Motivation
Therefore, the objective of this study would be to investigate the on-site AnSBR treatment of winery
wastewater at pilot-scale, using actual winery waster. Optimisation and validation should be done by
making use of a similar central composite design as used in the laboratory-scale study. Additionally, a NIR
study was done to determine the feasibility of using NIR to screen or measure in-line, the COD or TSS of
incoming wastewater.

6. ACCUMULATED OBJECTIVES TABLE

Performance chart
Objectives Milestones Original Target Date Date achieved

1.Design, construct and
commission pilot-scale
anaerobic sequencing batch
reactor

a. designed and constructed
reactor to simulate
up-scalable process;
b. commissioned reactor and
control systems for pH and
temperature monitoring, gas
measurement, mixing,
influent feeding and
decanting operations.

12/2017 11/208

2. Investigate and optimise
the operational parameters of
the AnSBR (influent pH,
feeding time (batch vs
fed-batch) and mixing
regime) and determine the
efficiency of the AnSBR
technology to treat winery
wastewater

2. Optimised operational
parameters:
i. determined optimum
influent pH;
ii. determined optimum
feeding regime;
iii.determined optimum
mixing regime;
iv. determined optimum
C:N:P requirements in terms
of dosing nutrients (N & P).
2.1 Determined efficiency of
the AnSBR technology:
a. monitor efficiency
parameters, such as:

07/2018 5/2019
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i. COD reduction;
ii. biogas production (volume
and composition);
iii. alkalinity;
iv. TSS;
v. volatile fatty acids (VFA’s);
vi. Polyphenols;
vii. pH.

7. WORKPLAN (MATERIALS AND METHODS)
W1. - Phase 1: Design, construct and commission a pilot-scale anaerobic sequencing batch reactor

Actions:
·   design reactor to simulate an up-scalable process;
· commission reactor and control systems for pH and temperature monitoring, gas measurement, mixing,
influent feeding and decanting operations (special attention will be given to effluent screening,
equilibration and pH adjustment prior to feeding)

Reactor Design
The pilot scale AnSBR consists of three big tanks as marked below in Figure 7.1. Tank 1 is a 210 L green
drum and is used as the collection drum for the representative sample. Tank 2 (feed tank) is a 90 L white
drum that is used as the feeding drum to the reactor. Tank 3 is the AnSBR reactor.
Not shown in the figure is a 60 L crate that will be sunk into the ground to form a pit that collects the
winery wastewater, from where it will be pumped into Tank 1.

The 60L crate will be sunk into the ground and a 600-micron metal sieve will be incorporated into the lid.
Inside the crate a submersible pump will be installed. As the wastewater flows over the crate’s lid in the
gulley, the solid particles are sieved and the crate fills with the wastewater. The submersible pump will be
activated at set intervals throughout the day e.g. every 30 minutes. This will allow for a small amount of
water to be pumped from the crate to the 210 L green bin (Tank 1) at a time and subsequently, result in a
composite sample being obtained for the winery for the day.

As mentioned above, the 210 L bin (Tank 1) is the collection drum for the composite sample for each day.
The wastewater will then be moved from Tank 1 to Tank 2 (feed tank) using gravity flow when the operator
is ready to start the AnSBR treatment sequence each day. This will be operated manually using a ball
valve and the filling process for the 90 L container (Tank 2 – feed tank) will be stopped once the desired
volume (60 L) is reached. Once the wastewater is in Tank 2, a centrifugal pump will pump water out of the
container and into the 120 L reactor. The feed tank will also be equipped with a 1.5 kW geyser element
to pre-heat the wastewater. A level float-switch will be hardwired to ensure that when the water level is
low, the element will switch off as a safety precaution. The wastewater will enter the reactor from the
bottom and will pass through filter nozzles to ensure an even distribution of water across the base of the
reactor through the granule bed. The filter nozzles are fitted onto a stainless-steel plate on top of the
conical section at the bottom of the reactor and the distribution will be spread out across the plate. This is
done to minimise the risk of having dead spots within the reactor vessel. A second centrifugal pump will
be used to mix the contents of the reactor by recirculation of the wastewater. Once the cycle is complete,
60 L of water will be pumped out of the reactor through copper coils that are placed in the feed tank to
demonstrate the principle of heat exchange. This treated wastewater will then be pumped back into the
gulley into which all the winery wastewater flows. This system will be semi-automated, meaning that the
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operator must start and stop the process manually and the process will continue automatically from that
point onwards. The working volume of the reactor is therefore 60 L and it has a capacity of roughly 120 L.
Equation 1 can then be used to calculate hydraulic retention time (HRT).

The reactor will be placed (in a secure ‘shipping container’ – green square in Figure 7.2) at Koelenhof
Wine farm on the R 304 between Stellenbosch and the N1. The winery has two gulleys (Blue lines 1 and
2 in Figure 7.2) that collect wastewater from different areas of the cellar. These gulleys then meet (point X
in Figure 7.2) to form a stream that leads to the wastewater collection dam. The crate containing the
submersible pump will be sunk into the stream meaning that the wastewater that is collected is a
composite of the two wastewater streams.
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Figure 7.1: Model of the AnSBR setup

Figure 7.2. Layout of the wastewater streams, collection and reactor positioning.

W2. - Phase 2: Investigate and optimise the operational parameters of the AnSBR (influent pH, feeding
time (batch vs fed-batch) and mixing regime) and determine the efficiency of the treatment of winery
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wastewater by AnSBR technology

Actions:
·      determine optimum influent pH;
·      determine optimum feeding regime;
·      determine optimum mixing regime;
·      determine optimum C:N:P requirements in terms of dosing nutrients (N & P);
·      monitor efficiency parameters, such as:
o  COD reduction;
o  biogas production (volume and composition);
o  alkalinity;
o  TSS;
o  Volatile fatty acids (VFA’s);
o  Polphenols;
o  pH

Materials and Methods

Wastewater
Wastewater was collected using a submersible pump in the sump at Koelenhof Winery. The pump was
programmed to pump water for roughly 100 seconds at a time every 150 minutes. This was done to
ensure a composite sample of the day was collected. The reactor ran on a 24 h cycle and hydraulic
retention time of 1.8 days. Two litres of water wastewater were collected from the 100 L tank on
Koelenhof wine farm into which pumped water was transferred. This water was analysed according to
standard methods for pH, alkalinity, TSS, VSS and polyphenols. COD determination was done using test
kits. Two litres of water were collected from the reactor upon completion of the 24 h cycle. Roughly 90 L
were decanted from the reactor once the cycle was complete so that the next cycle could commence.
The water was analysed according to standard methods for pH, alkalinity, TSS, VSS, polyphenols and
volatile acids. Test kits were used for determination of COD and gas chromatography was employed to
determine methane percentage of the biogas.

Analytical Methods
The pH, alkalinity, volatile suspended solids (VSS), Total suspended solids (TSS) and volatile fatty acid’s
(VFA) of the substrate as well as the effluent will be analysed using standard methods (APHA, 2005).
Spectroquant®test kits by Merck will be used to determine COD and orthophosphate phosphorous.
Nitrogen, Sodium, Calcium and Magnesium will be determined by the Central Analytical Facility (CAF) of
Stellenbosch to determine Nitrogen content and calculate the sodium absorption ratio which is shown in
Equation 2.

The polyphenol content will be determined using the Folin-Ciocalteau method.
Biogas will be collected using five 10L gas bags. A bubble counter connected to a proximity sensor will be
used to determine the volume of biogas produced throughout the process. The CH4 and CO2 content of
the biogas will be determined by using gas chromatography. A Varian 3300 gas chromatograph will be
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used and 0.2 ml sample will be injected. Helium will be used as a carrier gas at a flow rate of 30 ml.min-1
and a temperature of 55ºC.

Experimental Design

The aim of this study is to optimise a pilot scale AnSBR with regards to mixing regime, feeding regime and
pH. Linear methods may reveal main effects and some interactions and have limitations with regards to
optimisation (Leiviskä, 2013). A linear two-level design with added centre points results in a quadratic
response, however it cannot estimate quadratic effects even though it can detect them (Leiviskä, 2013).
Three level designs should be used to estimate effects. Three level designs would require a big increase
in the combinations required to test all the variables and requires a lot of experiments. In an experiment
with 3 factors, a three level design would result in 27 different combinations. A quadratic model on the
other hand would require only 10 for 3 levels. In a five level quadratic experiment with 3 factors the total
number of runs would only amount to 19, opposed to 125 using a linear model (Leiviskä, 2013). In
quadratic models a response surface method is employed to find optimal process parameters. An
example of factors and levels would be as such. The three factors being investigated in the study would
be pH, mixing and feeding regime. Five levels would be pH 6.8, 6.9, 7.0, 7.1, 7.2 and mixing frequence for
10s every 5, 10, 15, 20, 25 minutes for example.
A quadratic model often used in optimisation studies is known as the central composite design (CCD).
The CCD can be divided into three variants, namely; Circumscribed (CCC); Inscribed (CCI) and face
centered (CCF). The CCI variant will be employed in this study and CCC and CCI will be elaborated on
as CCI is a scaled down version of the CCC

CCC
This represents the original CCD and requires testing at 5 levels. These levels can be divided into edge
points, star points and centre points (Leiviskä, 2013). The edge points define the design limits that the
operator chooses. The star points are calculated depending on the amount of factors included in the
design (Leiviskä, 2013). The function of the star points is to extend the range outside the edge points for
all factors. The center points complete the design. Because the star points extend the range beyond the
edge points it is important to design the experiment so that the star points are still feasible, especially in a
biological reactor as extreme values may lead to reactor failure (Leiviskä, 2013).

Figure 3. Central Composite Design Representation

CCI
The difference between CCI and CCC is that when using CCC the star points are designated as the
absolute design limits (Leiviskä, 2013). The edge points are therefore within the star points and therefore
within the design limits. The prediction space when using CCI is limited compared to CCC as there are
hard limits that must be adhered to.  This design also makes allocation for five levels (Leiviskä, 2013).
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NIR Study
Once we realised that the reactor would not be ready on time to be able to analyse wastewater from the
peak of the winemaking season we decided to build on the project with another element. The element
was near – infrared spectroscopy for the rapid quantification of the process parameters COD and TSS.
These parameters were chosen as it is time consuming in the lab and only gives a window into what is
happening in the reactor, whereas on-line monitoring of these parameters with a NIR device could give
constant feedback and improve stability of the reactor. The technique is also rapid and non destructive,
and when used in conjunction with chemometrics could be a useful tool for characterisation of winery
wastewater in the future. To date no work has been done on winery wastewater and the characterisation
thereof using NIR, instead domestic sewage and other wastewaters have been studied and have shown
promise. Another goal of this study was then to investigate the performance of a benchtop FT-NIR
(Buchi) versus a handheld NIR (Viavi) device. The handheld device is similar to on-line NIR devices and
would be a useful tool to investigate if NIR could be implemented in a reactor.

Materials and Methods
Two litres of wastewater was collected in separate Schott bottles from 3 different wine farms along the
R304 between Stellenbosch and the N1. The wastewater was collected from a collection point outside at
Farm 1, from gulleys inside the winery at Farm 2 and from their own wastewater treatment plant at Farm
3. Each sample was filtered through a 600 micron sieve to simulate a pre–treatment in practice to
eliminate lots of the solids. Analytical methods were performed to determine the values in the laboratory
and use them as reference values. The following procedures were performed according to standard
methods; pH, alkalinity and TSS. The following procedures were performed using alternative methods;
COD determination using test kits; turbidity; total dissolved solids and electrical conductivity. These
reference values could be used to determine interactions of the wastewater with the NIR instruments.
The scanning procedure for the benchtop device was as follows. The water that was previously sieved in
the lab was used. Currently 80 samples have been scanned. A pipette was used to transfer 70 µl into a
0.2mm path length cuvette. The cuvette was placed into the benchtop device which was set to scan at
32ºC. The benchtop operates in the wavelength range of 1 000 – 2 500 nm.The Buchi NIR was set to
scan the sub - sample five times and and obtain the average and display that as a single spectra. This
was performed 5 times for each sub - sample, meaning there were 5 average spectra per sub – sample.
Each sample was scanned 10 times, therefore 10 sub – samples per sample and therefore 50 spectra
was obtained. The spectra was then analysed using The Unscrambler® with various pre-processing
techniques as well as different tests.
The handheld device operates in the wavelength range 900 – 1 700 nm.A pipette was used to transfer
900 µl of wastewater into a white teflon cuvette. Each wastewater sample was again divided into 10
sub-samples. Each subsample was scanned 32 times with the handheld device producing 320 spectra
per sample. The spectra was analysed using The Unscrambler® by applying the same principles as the
benchtop device.

8. RESULTS AND DISCUSSION

Benchtop NIR Study
The goal of this part of the study was to illustrate that winery effluent can be characterised according to its

chemical oxygen demand (COD) as well as total suspended solids (TSS). The NIR data from the
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benchtop Büchi NIRFlex N-500 FT-NIR spectrophotometer (Büchi, Flawil, Switzerland) with the liquids

attachment was analysed as follows.

Upon review of the model contributor line plot it was established that the wavelengths from 1000-1300 nm

had no influence on the model’s predictive power and were therefore left out for the following models.

The results from PLS-R model using the wavelengths 1 300 – 2 350 nm obtained RMSE values of 914.42

mg.L-1with the range of the samples between 10 570 and 105 mg.L-1 as seen in Table 8.1. This gave an

error of quantification of 8.74% compared to the ranges of the sample. This compared very favourably to

previous literature which found error percentages of between 5.1 and 7.7%, albeit at lower concentrations

and smaller ranges.

Table 8.1: PLS reference statistics for COD

Property Unit Method Range SD SEL

COD mg.L-1 Spectrophotomet

ric (Test Kits)

105 –

10 570

2 678 453

The results from the independent validation set were 919 mg.L-1for the same range, however these results

had to be discarded as some of the samples were linked to the training set as not all the spectra from

each specific farm for each day were used in calibration. The contributions to models plot for two farms

are shown in Figure 8.1 and Figure 8.2.

It is apparent from the contributions to model plots that there is a big change at 2254 - 2278 nm for

samples with contrasting COD values as seen in Fig. 8.1 and Fig. 8.2.

Figure 8.1 Contributions to model plot for KH D2 with COD of 8112 mg.L-1
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Figure 8.2 Contributions to model plot for VL D3 with COD of 855 mg.L-1

Upon inspection of other samples it became evident that the variation seen at 1 800 – 2 000 nm is

attributed primarily to water. The band at 2 254 – 2 278 nm can be mainly attributed to sugars and

ethanol, which are two of the major contributors to COD in winery wastewater (Mosseet al., 2011; Bories &

Sire, 2016). The results from PLS-R using the 2 254 – 2 278 nm waveband were very promising. The

mistake of not selecting all the samples from a given farm for the calibration was corrected for this model.

The RMSEC was 882 mg.L-1 and the RMSECV was 887 mg.L-1with coefficient of determination of 0.89 for

both as can be seen in Table 8.2.

Table 8.2 PLS regression statistics

Property Ntot Ntrain Treatment R2
cal RMSEC R2

cv RMSECV

COD 76 54 OSC 0.89 882 0.89 887

The range for which the COD was calibrated was 10 570 -102.5 mg.L-1resulting in an error of 8.42%

compared to the range of the compositional data. Wavelength selection was therefore successful as with

a very reduced number of wavelengths, similar calibration results were attained. The independent

validation set was reduced to one average spectra per farm in order to encompass all the variation for a

specific COD into one average spectrum. This meant that there were 22 samples, but only with one

average spectrum per farm per day. Model performance is illustrated in Table 8.3 and it shows that the

RMSEP was 738 mg.L-1 for the range of 105 – 7 827 mg.L-1.

Table 8.3 PLS prediction statistics for COD at 2 254 – 2 278nm

Property Ntest R2
val RMSEP % error RPD SEP/SEL
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COD 22 0.91 738 9.56 3.57 1.65

This resulted in an error rate of 9.56% which is again similar to previous studies, however the range is

significantly larger and much higher strength wastewater was analysed. SEP/SEL for the prediction

statistics was 1.65 which predicts overall model satisfaction as this value should usually lie between 1.5

and 2.0. Included in Table 8.2 is RPD however this is a very polarising statistic. Different definitions for

the RPD and model performance have been used, however this value is highly correlated with R2

(Minasny, 2013). Using R2 as a model performance predictor instead show that the model is a good fit as it

has a value > 0.9. As mentioned previously, the strength of the model performance was since sugars and

ethanol have the greatest influence in that waveband and therefore predicts COD to an accurate extent.

Winery wastewater could be characterised with regards to COD at wavelength range of 2254 – 2278 nm.

An RMSEP of 738 mg.L-1was achieved which indicates that COD can be predicted to within 10% of error

using NIR which is a rapid, non- destructive and green method. A result like this shows its potential to

screen winery wastewater or us it in-line in a reactor to monitor an important operational parameter.

Handheld NIR Study

The aim of this part of the study was to investigate the efficacy of a handheld NIR spectrophotometer with

a wavelength range of 909 – 1 678 nm for the prediction of COD of winery effluent.

Principal component regression (PCR) was performed on the data across all wavelengths. Using PCR,

root mean square error of prediction values of 1 490 mg.L-1 COD was predicted. The range of the

samples was from 503.5 – 9 137 mg.L-1 for the randomly selected validation set. This meant that the error

of prediction was 17%. A R2 value of 0.758 indicates that the regression line fits adequately and this

model can be used to make predictions. It is, however, towards the lower levels of acceptability for

prediction models.
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These results indicate that you could potentially use a handheld model purely for screening purposes. If

this spectrophotometer were to be used in the field for screening purposes, waveband selection could be

done.  The important wavelengths were determined using correlations loadings plot.

The correlations loadings plot indicates which wavelengths contributed significantly. Values between 0.7

and 1.0 and between -0.7 and -1.0 indicate important wavelengths. In this scenario all wavelengths were

shown to be important for the model and according to this specific plot, no wavelength selection can be

done.

There are however other methods to select wavelengths. The contributions to model plot was done for the

specific PC3 which was identified as the component where the prediction is best. This indicated

numerous wavelengths where there could be significant contributions. The two most significant

contributors were at 1 112 – 1 180 nm and 1 360 – 1 397 nm. Both wavelengths were investigated and it

was found that the wavelengths of 1 360 – 1 397 nm gave RMSEP values of 1 632 mg.L-1 COD. This

translates into an error of 1.,9%. In comparison to a benchtop model it is clear that the prediction is not as
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accurate, however it may still be useful purely for screening purposes to determine influent COD. The

handheld NIR may be able to predict it more accurately if it could have a wavelength range from 1 800 – 2

500 nm as this may be able to detect ethanol and sugars, which are what drives the COD of winery

effluent.

Optimisation of the operational parameters of the ANSBR

The AnSBR design and commissioning was completed 20January 2019. Once completed it was

transported to Koelenhof wine farm and setup there. Upon completion of wiring and rigorous testing to

ensure the reactor could be left alone during the night, acclimatisation of the granules commenced. The

winery wastewater was diluted to required levels of COD and the concentration was gradually increased

across 2 months from 1 000 mg.L-1– 8 000 mg .L-1. Once the reactor could reduce COD load by 70% the

COD would be increased by 500 mg.L-1. This process ran from middle February to middle April 2019.

The experiments were run towards the end of April until June as there were days when there were

blockages of the pumps or filter nozzles and there were many repetitions due to problems with mixing and

or feeding pumps.

The range of some characteristics of the influent wastewater are shown in Table 8.4 below.

Table 8.4. Winery wastewater characteristics of the influent wastewater.

pH 3.23 – 9. 17

COD (mg.L-1) 3 200 – 9 700

TSS (mg.L-1) 80 – 3 410

VSS(mg.L-1) 167 – 3 861

Alkalinity (mg.L-1 as CaCO3) 68 – 548
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Polyphenols (mg.L-1) 38 - 383

There is immense variation in characteristics of the wastewater depending on what was occurring in the

cellar. pH was generally below 5, but there were days when the farm was cleaning tanks, and higher pH

values were measured. When this occurred, pH values were lowered to roughly 7 so as not to lead to

reactor instability especially as 2M KOH was dosed and not an acid.

COD reduction percentage was analysed for all the conditions as stipulated by the central composite

design. The reduction percentage varied greatly from 41.5- 85.4% depending on the specific reactor

conditions as well as initial COD of the winery effluent. The average COD reduction percentage obtained

during the experiment was 68.3%. According to the response in Figure 8.3, an assumption can be made

that COD reduction percentage is favoured in the orange zone in the centre of the figure, which

corresponds with a pH value of 7.11 and a feed time of 174 min. Areas characterised by yellow, green and

blue indicate lower COD reduction percentage and therefore should be avoided. Feeding duration of less

than 75 minutes should be avoided and pH below 6.8 is also not favourable for optimisation of the COD

reduction. It is apparent that pH values between 6.95 and 7.27 still compare favourably with regards to

COD reduction and demonstrates the ideal range for this specific reactor design. Feed durations between

100 and 240 minutes showed decreases of roughly 80% for COD which indicates that these times are still

feasible for implementation.
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When analysing the interaction between pH and mixing frequency (Fig. 8.4) it is apparent that the same

pH values are seen to be effective regardless of the interactions between mixing intervals and feed

duration. This demonstrates that the interaction between these factors is weak, but still allows us to make

assumptions based on the response. The removal of COD is highest for the mixing frequency of 71

minutes, allowing the reactor to mix its contents enough to maintain a stable temperature as well as pH

and not too much to disrupt the integrity of the anaerobic granule structure. An effective range for mixing

frequency remains in the region between 50 and 90 minutes. Above this range the reactor sees a

decrease in performance which could be due to loss of temperature and therefore a decrease in biomass

effectivity. Mixing intervals below this range have bad predictions for COD reduction, specifically intervals

less than 20 minutes apart.

The response for the interaction of mixing frequency and feed duration (Fig. 8.5) illustrates a greater

tolerance for specific conditions with feed time ranging from 83 to 240 minutes whilst maintaining roughly

80% reduction of COD. Mixing frequency can also tolerate a large range higher than the interaction with

pH namely a range between 50 and 97 minutes. This would indicate that the reason for reduced COD

reduction with mixing times above 90 minutes is most likely due to pH disturbances as mixing is used to

evenly distribute water throughout the reactor and therefore ensure more accurate pH control. The

desired conditions for optimal COD reduction percentage is therefore a pH of 7.10, a feed duration of 175

minutes and a mixing frequency of 72 minutes.
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Because of the nature of the effluent and the fact that it was not a constant concentration for every run,

COD reduction percentage might not be the optimal way to analyse the data. The ultimate, or end point,

COD will be a better approximation to find the limits of the reactor. The response surface in Fig. 8.6

shows two areas where ultimate COD is minimised, meaning the final COD is as low as possible.
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The areas of interest in Fig.8.6 are those that are dark blue indicating a possible ultimate COD of 1 000

mg.L-1and lower. It is once again shown that pH in the range of 7.13 to 7.20 is very effective at lowering

COD concentration in an anaerobic reactor.  However Fig. 8.6 illustrates that the feed duration can have a

determining effect on which pH is best.  For a longer feed duration of 110 – 240 minutes the effective pH

range must be between 7.0 and 7.2.  When the feed duration is substantially decreased to below 35

minutes it is important to have the pH lower in the region of 6.7 to 6.8.  This observation is very interesting

as it would normally be expected that rapid feed times would rapidly decrease the pH leading to

accumulation of volatile fatty acids and a decrease in reactor stability.  The response indicates the

importance of alkalinity in the reactor, as a high alkalinity can withstand drastic changes in reactor

concentration for a long enough period that the bacteria can digest the biological material.
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The set point of pH needs to be stricter as there is one clear desirable zone on the contour plot when

interacting with mixing intervals (Fig. 8.7).  Lower intervals i.e less time between mixing has less desirable

ultimate COD values. It is evident that mixing intervals had the best prediction at around 96 minutes and a

pH of 7.19.  There is however a wide range of effective mixing intervals when the pH is between 7.1 and

7.3.  In this pH range mixing intervals of 64 minutes up to 97 minutes show very low ultimate COD

concentrations.

When analysing Fig. 8.8 it is apparent that ultimate COD is very high at low feed durations and low mixing

intervals. This contrasts with the interaction between pH and feed duration, which showed a possibility for

a fast feed. The response shown in Fig. 8.8 illustrates the importance of a longer feed time ranging from

110 to 240 minutes. Short feed times will likely result in temporary reactor overload, and when combined

with frequent mixing ultimate pH is greatly increased. Frequent mixing may result in disintegration of

anaerobic granules, which in turn could decrease the ability of the bacteria to digest organic matter,
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leading to a higher ultimate pH. Ideal conditions to ensure lowest ultimate COD are pH of 7.2, feed times

of 147 minutes and mixing intervals of 96 minutes.

Polyphenols were successfully reduced in the anaerobic sequencing batch reactor AnSBR with the range

being 13.11 – 77.69%. Average reduction for polyphenols was 53,35 %. To reduce polyphenol content

using an anaerobic sequencing batch reactor it is imperative to have operational pH between 7.21 and

7.30. It is evident from Fig. 8.9 and Fig. 8.10 that a pH in this range can result in higher reduction values

between 70 and 80% (predicted) for polyphenols in winery effluent. To maximise the polyphenol reduction

the feed time should be kept between 160 and 240 minutes. The optimal feed time for polyphenol

reduction is 183 min. Mixing intervals every 88 minutes was optimal for polyphenol reduction in

conjunction with pH of 7.2 to 7.3 according to Fig 8.10. If pH drops below 7.1, high mixing intervals result

in low polyphenol reduction values of anywhere between 65 and 50%. The only exception is if the pH

drops below 6.84 and the mixing interval is decreased so as to mix every 22 minutes and less. These

parameters can result in polyphenol reduction percentages of between 60 and 70 %. In all other cases for

pH, if the mixing intervals are very low, less than 20 minutes, then polyphenol reduction can reduce
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significantly to below 40%. Even at a pH of 7.3 mixing intervals should not be lower than 55 minutes if

polyphenols are to reduce by more than 60%.

The interaction between mixing intervals and feed time is shown if Fig. 8.11. High feed time with a

frequent mixing interval shows very little reduction in polyphenol content.  As mixing frequency decreases

with larger intervals between mixing it is clear that there is a concomitant increase in the reduction of

polyphenols in the winery effluent.  Feeding times between 110 and 240 minutes in conjunction with

mixing intervals of 74 to 100 minutes clearly show a greater decrease in polyphenol content (Fig. 8.11)
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Methane percentage for anaerobic sequencing batch reactors when compared with CO2 production is

normally in the 65:35 ratio CH4to CO2. The CH4 production was in the range of 54.89 – 72.18% with the

average CH4 production percentage being 61.8%.  The average value is lower than is reported in literature

but is still comparable and shows that a stable process more than likely occurred.  Methane values could

be lower due to the floating lid on the reactor possibly not sealing effectively, allowing for escape of

methane into the atmosphere.  It could also be that the specific conditions of this reactor favour a slightly

lower methane output.  Prediction values on the contour plots indicate that the pH plays a vital role in

determination of CH4 percentage, with a higher pH above 7.12 up to 7.30.  Higher pH values may favour

methanogens above other microorganisms in the consortia. This can also explain the lower average

across the experiment as 68% of the experimental runs were done at pH values at or below 7.0.  Low pH

values in conjunction with high feed times saw the worst methane %.  As feed times decrease and pH

increases there is a definite increase in methane % as seen in Fig. 8.12 the area marked C.  An increase

in feed time does not seem to influence the production of methane to any degree with the optimal feed

time for optimisation being 162 minutes. Mixing intervals of 64 minutes are optimal for methane production

in conjunction with pH between 7.16 and 7.30. The influence of mixing influence on methane yield is not

strong and pH is the primary marker for methane yield. The interaction between feed time and mixing
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interval in Fig. 8.14 indicates that more frequent mixing and a shorter feeding time could increase the

methane yield.
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The VFA to alkalinity ratio has the potential to predict reactor stability. A VFA : alkalinity ratio of 0.05 to

0.30 indicates that the reactor is stable as accumulation of volatile fatty acids has not occurred, and that

the alkalinity of the system is high, meaning that the buffering capacity of the water is high. High buffering

capacity leads to a more stable pH as the water is less likely to have drastic changes in pH. Average

VFA:alkalinity ratios for the experiment was 0.23, however there were runs where it went over 0.5 causing

reactor instability. The VFA:alkalinity ratio is stable across the pH range of 7.0 – 7.3 with lower ratios

linked to higher pH values. The lowest ratios were obtained in the dark blue areas of the rsm contour plot

(Fig. 8.15). The optimal values are pH of 7.164, feed time of 117 minutes and mixing frequency of 88

minutes to keep the VFA:alkalinity ratio in the region of 0.1. As feed time increases, pH can decrease in

order to keep a stable ratio. The most likely explanation for this observation could be that a rapid feed

time can lead to a rapid decrease in pH as the winery effluent pH was commonly below 5. An initial pH of

7.3 will therefore offer a higher buffering capacity so that the pH does not drop below 6,6. A longer feed

time allows the reactor incrementally decrease pH and allows the dosing pump to incrementally dose 2M

KOH. Thus leading to more stable VFA:Alkalinity values. The interaction of pH with mixing intervals

shows that higher pH values between 7.1 and 7.3 along with mixing times ranging from 79 to 100 minutes

allows for a VFA:Alkalinity of 0.1 and below (Fig. 8.16). Very low feed times between 10 and 32 minutes

can result in a stable VFA:Alkalinity through the whole range of mixing frequencies (Fig. 8.17). However,

as feed time increases, mixing frequency must increase to ensure a stable relationship. The optimal

combination is feed time between 90 and 240 minutes along with mixing frequency between 80 and 100

minutes.
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Total suspended solids (TSS) of the reactor effluent is minimised when the pH is kept below 7.0 with a

feed time below 140 minutes. Mixing intervals of 66 – 100 minutes along with a pH between 6.9 and 6.7
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showed optimal reduction of TSS of the reactor effluent. Quick feed times in conjunction with higher

mixing intervals (60 – 100 minutes) optimise TSS reduction within the reactor. Higher mixing intervals

result in less destruction of anaerobic granules and therefore less biomass washout and a quicker settling

time.
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9. CONCLUSIONS AND RECOMMENDATIONS
These results verify previous work done by Laing & Sigge on the earlier Winetech study on AnSBR

technology at lab-scale, and it indicates similar optimal conditions for the treatment of winery effluent. The

experiment could be done over another season or it could be upscaled to treat higher volumes in order to

investigate its potential further.  Recommendations for further design would be to have a properly sealed

reactor, with no floating lid to maximise the gas capture.  Mechanical mixing can be employed instead of a

liquid recirculation in such a small system as the pump shears the bacteria reducing the reactor’s

effectiveness.

AnSBR technology shows potential to treat winery wastewater and lower COD levels to more manageable

levels. NIR technology also shows potential to be used to monitor wastewater quality rapidly, which can

be crucial in any wastewater treatment system. Industry should consider investigating a full-scale AnSBR

at a small winery for further research and economic feasibility.
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The Value of the project to industry
The industry is faced with managing wastewater in an environmentally as well as economically
sustainable way. AnSBR technology has been further shown to be a feasible option to consider, especially
as it is suited to seasonal operations. Furthermore, NIR spectroscopy has been shown to be a possible
on-line, rapid method to measure/predict COD content. This could have a significant effect on improved
prevention of organic overload in wastewater treatment plants.
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