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1. Introduction
Secunda utilises activated sludge treatment (at Units 52 and 252) to reduce the organic
content of a mixture of Stripped gas liquor (SGL), Reaction water (RW) and Oily water
(API). The treated water is recovered while the biosludge produced during the treatment
process is mixed with domestic biosludge, thickened utilising centrifuges and then
incinerated (Refer to Figure 1). Incineration produces solid wastes in the form of a slurry
(stemming from scrubbing the emissions prior to exiting through the stack) as well as ash.
The fact that current incinerators are approximately 30 years old has given rise to the
following concerns [1]:
1) Stack emissions (flue gas) exceed the legally permissible values. The incinerator
plant is currently emitting an average of 550 mg/Nm3 particulate matter into the
atmosphere. This was calculated by averaging out the results of several isokinetic
sampling tests. The current permissible limits allows a maximum of 120 mg/Nm3,
and new expected legislation will initially reduce this limit to 50 mg/Nm3 to be met
within five years, then further reduce the limit to 10 mg/Nm3 to be complied to within
three years. This situation directly threatens the license for the Secunda plant to
operate.
2) The effluent from the off gas wet scrubber is thickened and produces a slurry
namely, the Thickener underflow. The current management practice is to route the
Thickener underflow to the process water dams. The practice may be leading to
contamination of the environment depending on the quality of the slurry.
3) The incinerator ash is currently being stored temporary on a 90 day storage area.
When a sufficient quantity has been built up, it is collected and trucked to the Ash
Heaps, where boiler and gasification ash is disposed of. The stored ash poses a
health risk in that it creates dust during windy weather conditions, furthermore rain
can result in mobilization of heavy metals into the surrounding environment.
The first aim of the study was to characterize and classify the biosludge stemming from the
activated sludge basins as well as the solid waste resulting from incinerating it. The

biosludge was characterised and classified according to the applicable legislation in order
to determine its associated hazards. The hazard rating would subsequently inform the
waste management plan to be implemented. The solid waste from the incineration of
biosludge were characterised and classified in support of addressing the second and third
concerns listed above.
The second aim of the study was to characterize the water vapour collected from heating
biosludge from the centrifuges, which would be the case if thermal driers were added into
the biosludge handling process as envisioned (Refer to Figure 2).

Figure 1: The current biosludge handling in Secunda.

Figure 2: The envisioned biosludge handling in Secunda. The thermal driers and a new
fluidized bed incinerator replace the current incinerator.

2. Materials and Methods
2.1 Characterization and Classification of waste associated with activated sludge
treatment and incineration.
On the 3rd of November 2009 four samples were collected from the Incinerator Plant in
Secunda. These samples were Non-centrifuged biosludge, Centrifuged biosludge,
Incinerator ash and lastly Incinerator underflow (a product of off gas wet scrubbing). A
domestic biosludge (83% moisture) from Johannesburg Water was also collected. The
Non-centrifuged and Centrifuged biosludge were taken for microbiological analyses at
Erwat laboratory and together with domestic sludge were analysed for heavy metals at the
M&L laboratory according to the Guidelines for the utilisation and disposal of wastewater
sludge (henceforth referred to as the Sludge Guidelines) from the Department of Water
and Environmental Affairs (DWEA) [2]. The incinerator underflow was mostly liquid and
was analysed as received for inorganic ions and heavy metals at M&L laboratory. The
incinerator ash was solid and was subjected to Total digestion and Toxicity Characteristic
Leaching Procedure (TCLP) followed by inorganic ions and heavy metal analyses at M&L
laboratory.
Although the analyses were performed prior to the new regulations, the Draft Standard for
assessment of waste for landfill disposal and the Draft Standard for disposal of waste to
landfill from the Department of Environmental Affairs were used for classification for
disposal instead of the previously relevant Minimum requirements for the handling and
disposal of hazardous waste.
2.2 Production and characterisation of evaporate from heating centrifuged
biosludge
A fresh Centrifuged biosludge sample was collected on the 28th of January 2010. The
sample was utilized for producing an evaporate by heating it up to 90 °C for over 3 hours
on a Rota Vapour. The evaporate was subsequently condensed and collected for Gas
chromatography-mass spectrometry (GC-MS), Volatile Fatty Acids (VFA) and Headspace
analyses at Sasol SCI laboratory.
The dried Centrifuged sludge was analysed at Inspectorate laboratory for Proximate and
Ultimate analyses and in-house (at R&D) for ash fusion temperature.

3. Results and Discussion
Appendix Tables 1 to 4 indicate the following with regards to the chemical compositions of
non-centrifuged biosludge, centrifuged biosludge, Incinerator ash and Incinerator
underflow. All the parameters (except for Chloride, Fluoride, Cyanide, Sulphate and
Selenium) follow a pattern of increasing concentration as water is removed first via
centrifugation and then through incineration.
3.1 Preliminary classification of centrifuged biosludge
The first volume of the Sludge guidelines indicates the limits for preliminary classification
of waste water sludge. This provides guidance in making a decision between the four
sludge management options covered by the Sludge Guidelines: Agricultural use, Onsite/off-site disposal, beneficial use and thermal treatment. Subsequently, a specific

classification linked to the chosen sludge management option would then follow. The Onsite/offsite disposal standards are envisioned to be replaced by the Draft Standard for
assessment of waste for landfill disposal and the Draft Standard for disposal of waste to
landfill.
Appendix Table 1 indicates the preliminary classification of Synfuels Non-centrifuged
biosludge and Centrifuged biosludge. The Non-centrifuged sludge and the Centrifuged
biosludge both received the following classification A3a. They have a microbiological class
(A) due to the fact that they both have <10 000 CFU/gdry Faecal coliform and 0 viable
ova/gdry Helminth ova. A microbiological class (A) implies that the sludges do not pose any
pathogenic hazard and can be used without restriction, taking into consideration the
stability and pollutant hazards. They have stability class (3) due to the fact that no
stabilization or vector attraction reduction options are being applied to the sludge currently.
This is because stabilization is currently not required by the applied incineration
technology. They have pollutant class (a), because their heavy metal content is low in
relation to the compulsory limits for preliminary sludge classification. It must however be
noted that the concentrations of Antimony, Barium, Selenium and Vanadium in the
centrifuged sludge are above the recommended (not compulsory) limits for preliminary
sludge classification. A pollutant class (a) implies that the sludges do not preliminarily pose
any heavy metal pollution hazard.
As indicated above, after preliminary classification a specific waste management route has
to be determined, which will determine the regulations that will apply to the biosludge. The
Sludge Guidelines recommends the following sludge management options for sustainable
development:
a. Utilising useful constituents in the sludge: i.e. as a fertilizer (to supply macro and
micro plant nutrients and improve soil physical properties) in rehabilitation of mining
waste deposits, remediation of contaminated soil, as nursery growth medium, in a
once/continuous of high rate application e.g. during construction of golf courses or
for instant lawn cultivation. Manufacturing of fertilizer pellets from sludge enriched
with plant nutrients also falls under this category.
b. Utilising the calorific energy value of the sludge by combustion in dedicated
incinerators or furnaces, cement kilns which has the benefit of waste volume
reduction and that the remaining ash can be used in the production of commercial
products such as bricks. However it has the disadvantages of high capital and
operational costs, potential presence of metals, organic pollutants, and dioxins in air
emissions, residual ash and wastewater emanating from Air Pollution Control (APC)
devices.
c. Extraction of useful constituents from sludge e.g. extraction of phosphorus
3.2 Classification of centrifuged biosludge for disposal according to new legislation
Centrifuged sludge could in future be utilised for the rehabilitation of the ash heaps, which
means that the disposal legal requirements have to be adhered to. Appendix Table 2
indicates the classification of Secunda Centrifuged sludge for disposal utilising the Draft
Standard for assessment of waste for landfill disposal from the Department of
Environmental Affairs.
Centrifuged biosludge has selenium above the Total Concentration Threshold (TCT) 2
(Refer to Appendix Table 2). Therefore it is a Type 0, very high risk waste. The disposal of
Type 0 waste at any landfill site is not allowed. The waste must be treated, reanalysed and
reclassified before disposal [4 & 5].

Table 1 indicates a quality comparison of Secunda Industrial biosludge and Johannesburg
Water domestic sludge. It is clear that the former has elevated concentrations of Selenium
which makes it hazardous while the former does not have any metal ion and inorganic ion
contaminants above the strictest total concentration thresholds.
Table 1: Quality comparison of Secunda Industrial biosludge and Johannesburg Water
domestic sludge
Parameters

Secunda Industrial
sludge

Johannesburg Water
Domestic sludge

Total digestion
mg/kg

Total digestion mg/kg

TCT 0 – Most stringent
total concentration
thresholds
Total digestion mg/kg

2715
3.5
24
N/A
137
N/A
<0.1
30
<0.1
<0.1
17.9
5551
3.3
118
<1
N/A
11.1
380
<0.4
74
N/A
94
85
24
2.3

N/A
<1
<2
N/A
339
N/A
0.42
<0.1
156
50
516
30700
45
2616
0.24
0.69
99
<3
N/A
N/A
N/A
N/A
28
1061
N/A

*
75
500
15000
6250
*
260
80000
500
5000
19500
*
1900
25000
160
1000
10600
50
*
*
*
*
2680
160000
*

3916
25.6*
<0.1
<0.1
1471
N/A
2445
N/A
N/A
1752
300

45400
358
<0.3
<1
5741
41400
2878
N/A
N/A
1153
1.4

*
*
10500
10000
*
*
*
*
*
*
*

Metal ion contaminants
Aluminium, Al
Antimony, Sb
Arsenic, As
Boron, B
Barium, Ba
Beryllium, Be
Cadmium, Cd
Total Chromium, Cr
Chromium(VI), Cr
Cobalt, Co
Copper, Cu
Iron, Fe
Lead, Pb
Manganese, Mn
Mercury, Hg
Molybdenum, Mo
Nickel, Ni
Selenium, Se
Silver, Ag
Strontium, Sr
Thallium, Tl
Titanium, Ti
Vanadium, V
Zinc, Z
Zirconium, Zr

Inorganic contaminants
Calcium, Ca
Chloride, Cl
Cyanide, CN
Fluoride, F
Magnesium, Mg
Phosphorus, P
Potassium, K
Nitrate, NO3
Nitrate as N
Sodium, Na
Sulphate, SO4

* = Additional analyses not required by the Department of Environmental Affairs

3.3 Characterization of the evaporate collected from heating centrifuged biosludge

The envisioned biosludge management for Secunda is indicated in Figure 2. The addition
of the thermal driers after the centrifuges opens up the following opportunities; the
recovery of up to 80% of the water contained within the centrifuged biosludge as well as
elimination of the issue of highly wet biomass entering the incinerator. The latter poses
problems such as incomplete combustion and undesirable emissions.
Table 2 indicates the quality of the evaporate produced from the centrifuged biosludge.
The evaporate had low Total dissolved solids (TDS) and Total organic content (TOC),
indicating that it is of good reusable quality. The reuse option will be determined by the
quality of water needed for specific processes.
Table 2: Inorganic and Organic Analysis of the evaporate from heating centrifuged
biosludge
Parameters
Inorganic
Total Dissolved Solids (TDS) (mg/L)
Calcium, Ca (mg/L)
Magnesium, Mg (mg/L)
Sodium, Na (mg/L)
Sulphate, SO4 (mg/L)
Cl (mg/L)
Conductivity (µs/cm)
Organic
Total Organic Carbon (TOC) (ppm)
GC-MS
HPLC_VFA

Evaporate quality
34
3.00
<0.1
<0.1
60.24 (possible outliar)
<1
143
98 (deviation of 13.86 ppm)
No visible peaks
No visible peaks

3.4 Characterisation of dried centrifuged biosludge for energy recovery
Table 3 indicates the Proximate and Ultimate analyses of dried Centrifuged biosludge. The
biosludge had low moisture content, low ash content, moderate volatiles content, and high
calorific value. The biosludge contained Manganese (a heavy metal regulated in terms of
thermal treatment) in notable quantities (>100 mg/kg). Regarding inorganic contaminants,
this waste indicated low concentrations of chlorides, low concentrations of sulphur, low
concentrations of nitrogen and low concentrations of fluoride (Table 1 and 3). Therefore
dried centrifuged biosludge can be considered for energy recovery with provisions made
for emissions clean up.
Table 3: Proximate and Ultimate Analysis of the dried Centrifuged biosludge
Analysis
Moisture %
Volatiles %
Ash %
Fixed Carbon %
Calorific Value MJ/kg
Calorific Value kcal/kg
Total Sulphur %

Dried Centrifuged Secunda biosludge
9.3
61.2
10.1
19.4
19.83
4737
3.45

Total Carbon %
Hydrogen %
Nitrogen %
Oxygen %
Ash fusion Temperature °C

45.81
6.44
0.84
24.06
1260

In order to investigate the stickiness that is associated with incineration of biosludge the
ash fusion temperature of centrifuged biosludge was determined. It was determined using
the Thermo Gravimetrical Analyser (TGA). The centrifuged biosludge was heated up to
850 °C until only the ash was remaining. The ash fusion analyses are depicted in Figure
1. It can be seen that the ash’s initial deformation was at a temperature of 1220 °C, and
then its softening point where the pyramid height is equal to the pyramid width occurred at
1240 °C (Figure 1, b). The hemisphere point is where the pyramid height is half of the
pyramid width at 1250 °C (Figure 1, c). Then eventually where the original pyramid
structure can no longer be seen the temperature flow indicates the ash fusion temperature
at 1260 °C (Figure 1, d).

(a)

(c)

(b)

(d)

Figure 1: Initial deformation at 1220 °C (a), softening point at 1240 °C (b), hemisphere
point at 1250 (c), flow temperature at 1260 °C (d).
3.5 Classification of Incinerator ash for disposal according to new legislation

Incinerator ash has arsenic above the Leaching Concentration Threshold (TCT) 2 (Refer to
Appendix Table 3). It must however be noted that the harsh TCLP of the Minimum
Requirements was used therefore utilising the leaching solutions recommended by current
legislation might give reduced leaching. Therefore, pending leaching Incinerator ash is a
Type 1, a high risk level. Type 1 wastes may only be disposed of in a Class A landfill site
or a hazardous waste landfill site designed and operated according to the Minimum
Requirement for Hh or HH landfill sites. [4 & 5].
3.6 Classification of Thickener underflow for disposal according to new legislation
Thickener underflow has Arsenic above the Total Concentration Threshold (TCT) 1. It has
Selenium above the Total Concentration Threshold (TCT) 2 (Refer to Appendix Table 4).
Therefore it is a Type 0, very high risk waste. The disposal of Type 0 waste at any landfill
site is not allowed. The waste must be treated, reanalysed and reclassified before disposal
[4 & 5].

4. Conclusion and Recommendations
The following conclusion can be made from this investigation:
•

•

•
•
•

•
•

•

The Secunda Non-centrifuged and Centrifuged biosludges poses no microbiological
hazard according to the limits for preliminary sludge classification found in the
South African Sludge Guidelines.
The non-centrifuged and centrifuged biosludges poses no heavy metal hazard
according to the compulsory limits for preliminary sludge classification. However
concentrations of Antimony, Barium, Selenium and Vanadium in the centrifuged
sludge are above the recommended (not compulsory) limits for preliminary sludge
classification.
The Secunda centrifuged biosludge differs significantly from pure domestic sludge
(Johannesburg Water sludge) in quality.
The evaporate generated from heating centrifuged biosludge has low inorganic as
well as organic pollutants and is suitable for reuse in appropriate processes.
Dried centrifuged biosludge has high calorific value and low ash content and is thus
suitable for energy recovery. It has an ash fusion temperature of 1260oC, which can
be used in selecting suitable energy recovery technology.
Centrifuged sludge is hazardous due to a high concentration of Selenium.
According to the new legislation it cannot be disposed without prior treatment.
The incinerator ash has to be re-classified according to the new Waste classification
and management regulations. The harsh TCLP test which is no longer
recommended by the new regulations for inorganic wastes indicate that the
incinerator ash has a waste risk profile of high hazard due to arsenic (As) leaching.
Incinerator underflow is hazardous due to Arsenic and Selenium. According to the
new legislation it cannot be disposed without prior treatment.
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