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Ethyl alcohol from the other constituents in the wine takes place. The resulting 

alcohol is 96.4 % NY. Fig.2.2 shows a simple configuration of a six-stage column 

still. 

2.3 Products 

The SFW Wellington Distillery is equipped to produce the following spirit products: 

• 

• 

• 

• 

Neutral spirit 

Brandy spirit for maturation 

Grain WhisKy spirit for maturation 

Vodka and Gin spirit 

• Neutral spirit 

In producing this spirit, the distiller is only interested in recovering the alcohol and 

not any flavour. Distilling wine from any grape variety in any condition can be used 

as raw material. The column still above (Fig 2.2) is used for neutral spirit distillation. 

The result is the separation of the alcohol from the other constituents, giving a clear, 

odourless and flavourless alcohol with strength of ±96.4 % NY, which is usually not 

matured. This alcohol is used in the fortification of port and sherries and in the 

blending of brandies. 

• Brandy spirit 

Only specially produced rebate wine approved by the Government Brandy Board may 

be used for the making of South African Brandy. The main grape varieties fermented 

are Chenin Blanc and Colombard resulting in a wine with specified limits for S04, 

Sugar, Acetic acid and Tannin content. The resultant wine is distilled in the copper 

pot still above (Fig 2.1), as prescribed by law, and undergoes two separate 

distillations. The first distillation produces what is known as low wine, with an 

alcohol content of ±30 % NY. This distillate contains unwanted flavours and 

un~ergoes a second distillation where the distiller separates three fractions in the 

distillation according to the time collected, i.e. from first to last, the heads, the hearts 

and the tail. The heart fraction contains the most favourable substances and this is 

collected for maturation. Only rebate brandy spirit that has been matured for a 
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minimum period of three years as prescribed by law may be used in the blending of 

brandies. Brandy produced in South Africa must have at least a 30 % 3 year matured 

pot still rebate brandy content, and when bottled the alcoholic strength must be at least 

43 % AN. 

• Grain whisky spirit 

Two types of whisky are produced in the world i.e.: 

1'. Malt whisky: - malted barley is used as raw material. 

2. Grain whisky: - milled maize is used as raw material. 

The processes by which these two kinds of whiskies are made are also different; malt 

whiskies are made by the pot still process and grain whisky by the column still 

process. The whisky produced at the SFW Wellington Distillery is grain whisky, and 

like brandy spirit is also matured in oak barrels for a minimum of 3 years. Fig 2.3 

shows a flow diagram of the steps for producing grain wort. From Fig 2.3, the meal 

of maize (fixed mass weighed out) is mashed with heated tap water (fixed volume at 

S5°C). This mixture (mash slurry) is heated further to 90°C to allow the starch 

particles to burst, releasing the starch. An enzyme (a.-amylase) is added before the 

heating process to maintain liquefaction of the mash for one hour at 90°C. Thereafter 

the mash is cooled down to a lower temperature (60°C for another hour), and a second 

enzyme (Gluco-amylase) is added to convert the soluble starch particles into shorter 

fermentable sugars, a process called saccharification. The product is referred to as 

grain mash and yeast is added to it for fermentation at ±3 SoC for ±48 hours. The 

grain wort (±9 % AN) produced from fermentation is then distilled to grain whisky 

spirit for maturation. The balance of the grain wort flows out as grain wastewater. 

• Vodka and Gin spirit 

Vodka is distilled from the most economically available raw material or spirit, for 

example, cane sugar spirit. It is column distilled, as described above for neutral spirit 

and is normally neutral in flavour. However, flavours can be added, for example fruit, 

herbs etc., or distillation can be controlled to leave natural flavours in the spirit. 
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Gin is a neutral spirit of fennented grain, sugar cane or grape wine, which is distilled 

or re-distilled with Juniper berries and other botanicals. There are three ways of 

producing gin: 

1. The traditional and premium way involves the distillation of alcohol with neutral 

herbs and spices - lrnown as botanicals. 

2. The slightly cheaper process involves adding the distillate of botanicals in 

concentrated fonn (called gin concentrate) to neutral alcohol, grape, cane or grain 

spirit. The distilleries buy the distilled gin concentrate. 

3. Finally the third process is addition of "gin flavourings", nonnally from spice or 

herb origin to neutral spirit, or grape, cane or grain spirit; this is the cheapest 

method. 

2.4 Wastewater production 

From the description above, distillation at the SFW Wellington Distillery is on three 

main raw products, namely distilling wine, rebate wine and grain wort. Distillation to 

produce vodka and gin is relatively small in the total and contributes negligible to the 

wastewater production. None of the wastewasters generated in distilling these raw 

products are stored on-site, to regulate substrate feed to the wastewater treatment 

system, but are treated when generated. 

The grain wort can be produced throughout the year. Accordingly, spirit production 

on grain wort is not seasonally bound and wastewater from this process (called grain 

wastewater) also can be produced through out the year. However, grain whisky 

distillation on grain wort will depend on the production schedule and grain spirit 

target. Typically, grain whisky distillation occurs throughout the year. In contrast, 

brandy and neutral spirit distillation on rebate and distilling wine respectively are 

se~sonally bound since grapes are harvested only in the first quarter of the year; 

accordingly wastewater production from these processes (called wine wastewater) is 

restricted to this period. During this period, wine wastewater generated will be 

influenced by production schedules. 
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There are however situations when wine wastewater generated from neutral spirit 

distillation on distilling wine is available for an extended period or later in the year 

due to, for example, later harvesting or purchasing of distilling wine from overseas 

wine regions that harvest later due to the different seasons. 

When generated, typical volumes of the different wastewaters produced are as 

follows: 

Grain wastewater: ±30-50 m3/d 

Wine wastewater: 

From Neutral spirit distillation: ±60-70 m3/d 

From Brandy spirit distillation: ±12-48 m3 per batchld 

From Gin I vodka distillation: (intennediate) 

3. WASTEWATER TREATMENT 

3.1 Introduction 

Wastewaters produced in the distillation processes consists of very high strength 

organic material (COD) and are generally acidic. At the SFW Wellington Distillery 

wastewater streams are treated on site, before discharge via the sewer to the local 

municipal works for further treatment. The treatment consists of two stages, a 

physical pre-treatment stage followed by a biological stage incorporating anaerobic 

treatment in a UASB system. 

3.2 Wastewater characteristics 

The wastewaters are collected into two streams, in the following way: 

• Neutral, brandy, gin and vodka distillation wastewaters flow into a single line and 

. are referred to as wine wastewater. 

• Grain whisky distillation wastewater is kept separate from wine wastewater and is 

referred to as grain wastewater. 
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The two wastewater streams are hot and nonnally leave the distilling house with 

temperatures ranging between 80 to 90°C. Typical wine and grain wastewater 

characteristics are given in Table 2.1 and 2.2 respectively, representing analysis after 

pre-treatment. The wastewater streams consist of variable concentrations of organic 

material (COD) and suspended solids, with relatively low nutrient (N and P) 

concentrations. The effluents are generally acidic with a low buffer capacity. 

Table 2.1: Average wine wastewater characteristics (after pre-treatment). 

Parameter Units Value 

COD total mglf 24,000 - 45,000 

COD filtered mglf 23,000 - 44,000 

pH 3.5 - 4 

TSS mglf 100 - 400 

Ammonia (as N) mglf 80 

Ortho Phosphate (as P) mglf 25 

Table 2.2: Average grain wastewater characteristics (after pre-treatment). 

Parameter Units Value 

COD total mglf 25,000 - 30,000 

COD filtered mglf 20,000 - 25,000 

pH 3.5 - 4 

TSS mglf >500 

Ammonia (as N) mglf 185 

TQtal Phosphate (as P) mglf 270 
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The two wastewater streams undergo pre-treatment before treatment in the UASB 

system, either separately, or as a blend depending on the distillation process in 

operation. 

3.3 Pre-treatment 

A schematic layout of the pre-treatment stages for wastewater treatment is given in 

Figure 2.4. Grain and wine wastewater streams discharge separately into two ±30 000 

P stainless steel holding tanks respectively. The contents of the tanks are constantly 

mixed by means of a side entry agitator. Small temperature drops do occur as the 

effluent undergoes the sequence of pre-treatment. 

The grain effluent is pumped from its holding tank through a decanter (Pieralisi 

model, ±3 500 rpm) which removes the coarse grain solids. The decanter filtrate is 

then pumped into the wine effluent holding tank from where it follows the same route 

as the wine wastewater. Thus, when grain and grape wine spirits are distilled 

simultaneously, the watstewaters are effectively blended. From the wine holding 

tank, the wine, grain or blended wastewater is pumped to a heat exchanger where it is 

cooled to 30-45°C, and then to a centrifuge (Westfalia model, 7 270 rpm) which 

removes suspended solids. The wastewater then flows to an inline alkalinity dosing 

process where alkalinity may be added for pH control using caustic soda (see Fig 2.4), 

and then to the buffer tank of the UASB system. 

In operation of the UASB system difficulties were experienced in treating the grain 

wastewater separately or as a blend with wine effluent. Consequently, treatment of 

grain wastewater by itself or as a blend in the UASB system was stopped. Currently, 

only pH adjustment with concentrated caustic soda is performed on grain wastewater 

after the decanting stage. The decanter filtrate with a pH between 5-8 is then pumped 

directly to the municipality treatment works without further treatment. 

During the pre-treatment of grain wastewater the spent grains from the decanting unit 

process have a moisture content of ± 70 % and are collected in bins for removal from 

the site by cattle farmers. 
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3.4 UASB 

3.4.1 General description 

Figure 2.5 shows the layout of the main treatment facility and schematic diagram of 

the UASB system. Wastewater from the pre-treatment above is pumped into the 

UASB buffer tan1e From design specifications, the flow rate into the buffer tank 

should not exceed 180 m3/day, with a maximum TSS not exceeding 500 mg/f.. The 

pre-treated wastewater entering the buffer tank is mixed with treated effluent recycled 

from the UASB reactor(s); treated effluent is drawn from the UASB where it 

overflows the reactor weirs and are re-circulated to the buffer tan1e The buffer tank is 

mixed by means of a side entry agitator. The buffer tank contents are pumped into the 

UASB reactor(s) via evenly spaced distribution pipelines at the bottom of the 

reactor(s); four for the large reactor and two for the small reactor. The influent 

escapes through small holes (diameter ±3 mm) in the pipe, flowing upwards through 

the UASB. 

The UASB system consists of two parallel reactors of 150 m3 and 300 m3 respectively 

and can be operated using only the 150 m3 or 300 m3 reactors or both reactors 

simultaneously. From design specifications it is recommended that with a flow rate of 

up to 75 m3/day pre-treated wastewater into the buffer tank, only the 150 m3 reactor 

be used; with a flow rate from 75 to 155 m3/day only the 300 m3 reactor be used and 

with a flow rate in excess of 150 m3/day (i.e. up to the anticipated peak of 180 

m3/day) both reactors should be used. 

It must be ensured that the influent wastewater entering the UASB reactor(s) is at a 

temperature of approximately 35°C, and pH between 6 and 7. The pH of the influent 

into the buffer tank is increased with automatic in-line caustic (45 % NaOH) dosing 

when required. 

The treated effluent overflowing the v-notch weirs is collected in a header. From this 

header effluent ~an be re-circulated back to the buffer tank. The remaining effluent 

flows into a ±8 000 f. effluent storage tank from where it is pumped to the local 

municipal sewer. It is important to note that the re-circulated ratio can be varied from 

zero with respect to influent to >4. High recycles are desirable for alkalinity reuse (see 
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During the study the following parameters for both systems were measured: 

• In the influent: Unfiltered COD and pH. 

• In the effluent: Unfiltered COD, pH and total SCF A and H2C03* alkalinity 

( occasionally). 

• Occasional profile measurement of COD, FSA, SCF A species, pH along the line 

of flow in the reactor. 

Samples from the reactor ports down the reactors were taken by means of a special 

device that allowed the sample to be extracted and pH measured without loss of 

dissolved gases, particularly CO2; loss of CO2 causes change in pH but does not 

influence alkalinity (Loewenthal et at., 1989). The sampling device is shown 

schematically in Figure 5.7. 

pH - electrode 

Sample enters vessel Air vent: - sample escapes vessel 

'" Cylindrical vessel (Perspex) 

Fig 5.7 Schematic diagram of the pH sampling vessel. 
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Fig 5.8 COD loading rate versus time for reactors 1 and 2 respectively - Period 3. 
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4.2 Materials and Methods 

Experiments were undertaken to determine: 4.2.1 Struvite solubility product in distilled 

water at 20 and 37°C and 4.2.2 Struvite and other mineral solubility products and 

precipitation kinetics ir.. full-scale UASB reactor supernatant at 37°C; see below. 

4.2.1 Struvite solubility product in distilled water at 20 and 37°C 

Experimental set-up 

For the study, a ±2.5 litre reactor was constructed from a transparent perspex cylinder of 

120 mm diameter, 600 mm high, sealed at the bottom and with a flange on top to allow 

a stirrer motor to be mounted securely. The perspex allows the reactor to be robust, 

easy to work with and allows the contents to be visible from the outside. 

The electric motor was fixed to a plate that could be screwed to the flange on top of the 

reactor. A stainless steel shaft ran from the motor, through the plate and was long 

enough to reach to the bottom of the reactor. A stirrer blade was attached to the shaft 

and this allowed continuous mixing of the contents in the reactor. By using this method, 

the motor did not come into contact with the reactor's contents, preventing failure of the 

motor as well as allowing for easy maintenance. 

The reactor was placed in a water bath filled with water. The water was heated by 

means of an element, in the same way as a kettle. The temperature was set at the 

desired temperature, i.e. 20 or 37°C, and controlled via a thermostat that was attached to 

the side of the bath. Figure 6.3 shows a schematic diagram of the reactor and water 

bath. 

pH and temperature electrodes respectively were inserted half way into the reactor 

contents via a hole in the flange. These electrodes were connected to a portable Hanna 

pH meter (HI 9025) and used for continuous pH monitoring. The hole also allowed for 

sampling with a ~O mR long tip pipette. 



Univ
ers

ity
 of

 C
ap

e T
ow

n

Thermostat 

6.20 

Sampling port 

Element 

Stirrer motor 

Port for pH monitoring 

Cylindrical 
reactor 

(Perspex) 

Water bath 

Fig 6.3 Schematic diagram of the reactor and water bath. 

Experimental procedure 

A known volume of de-ionised distilled water (usually 1.4 e) was added to the clean dry 

reactor and allowed to attain the temperature of 37°C (or 20°C). Known molar masses 

of magnesium (via addition of MgCh), ammonium species (via addition of~Cl) and 

phosphate species (via addition of K2HP04) were added one at a time, using a 100 me 
beaker to dilute the samples before adding to the reactor (calculation of the masses of 

chemicals to be added is set out in Appendix C). The magnesium chloride was added 

last and the remaining water added to achieve the 2 litre volume. The pH meter was 

calibrated using standardised buffer solutions at pH 4 and 7 before each test. The stirrer 

was switched on-for mixing the reactor contents after the temperature, pH and time were 

recorded, and the experiment was left to run until completion. After 24 hours, the 

precipitation reaction was assumed complete and the stirrer was switched off and the 
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UASB DETAilED RESULTS:. MAIN INVESTIGATION 

~Ioild rilte I % removal 

3 
1013 7 B 4 51 
724 7,5 B 5 73 
1282 7.44 10 9 83 
858 7,52 10 a 74 
1104 7.54 B 7 67 
1042 7,6 9 B 70 
940 7,57 10 9 73 
1410 7.71 6 7 
1063 7,61 9 6 
1676 7,a 10 9 
1600 7.5 10 9 
1758 7,55 10 9 
1344 7.42 9 7 
1500 7,5 9 a 

7.23 
7,42 

65 
65 
65 
69 

wine waste 
wine wasle 
wine waste 
wine waste 
wine wasle 
wine waste 
wine waste 
wine waste 
wine waste 

wine waste 3702 

369B 
wine 4064 
winewasle 4064 
winewasle 4044 
wine waste 4003 

~Ioild ratel 'l!. removilil feedlstiltus 

start 
water 

wine waste 
waste 
wasle 

wine waste 

B 41 

ttl 
~ 
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Period 2 conlinue .--~~~~~~~~~~~ 

date rate % removal I feedJslatus feedls1atus 

new wine wasle 

18 91 
19 91 
18 93 
18 93 
19 90 

15 96 I new wine wasle I 5322 484 7.36 

7 17 94 I new wine wasle I 4637 697 736 
ttl 

19 88 new wine wasle 4939 766 
V. 

new wine wasle 
16 96 new wine wasle 4372 587 

new wine wasls 
7.29 7 16 87 new wine wasls 4534 648 

new wine wasle 
7.31 7 17 94 new wine wasle 4979 

new wine wasle 
7.3 7 17 92 new wine wasle 5040 

new wine wasle 
7.26 7 17 94 new wine wasle 5664 403 

new wine wasle 
new wine wasle 

7.31 7 18 90 new wine wasle 4978 
new wine waste 
new wine wasle 

7.23 7 17 93 new wine wasle 5039 
7.25 7 19 94 new wine wasle 5588 

new wine waste 
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Reactor 2 
COD out effluent pH flow *Ioad rille % 

T45 
(my!!) Ilid) 

8 20 93 new wine wasle 6096 427 7.31 9 
7.36 7 18 94 unsetlled grainfWine 5507 366 7.4 9 
7.2 7 15 85 unsetlled grainfWine 5500 608 7.3 9 

unsettled grainfWine 
19 7.5 1. 15 84 unsettled arainfWine 4015 446 7.54 14 89 new wine wasle 

new wine wasle 
7.2 1 7 r 17 1 94 lunseilled arain+wi~ ~ 1 426 7A5 9 14 89 new wine waste 

new wine wast 
446 7.26 8 15 
385 733 9 15 

unsettled QrainfWin 
7.24 7 19 90 unsettled qraintwine 4259 182 7.25 9 15 
7.17 8 17 89 lInsetlled grain+wim 4218 284 7.25 9 15 

I Ilinsetlied Qraintwim 
653 I 7.3 8 17 85 hmsellied qrainfWine 5126 530 
245 1 7.29 8 21 95 ~ arainfWine 5161 326 

new wine wasle 
new wine wasle t:J:j 
new Wine waete 0-

5141 1 245 1 7.2 1 8" 1 21 1 95 1unsellied grainfWiiiiit 5345 1 82 7.4 9 19 98 new 
4896 J 449 1 7.22 1 8 J 20 1 91 lUflseltled arainfWin~ 5345 1 408 7.33 9 19 92 new wine wasta 

new wine waste 
5100 315 I 8 I 20 94 lunsellied grainfWine new wine wasle 
4950 lJ5 I 8 
5125 260 1 8 

3978 551 7.1 7 14 86 sallied Qrain fWina 5753 755 7.2 8 18 87 
selllel! grain +\iVine 

4039 551 7.1 8 16 86 only sallied qrain 5386 653 7.2 9 19 sa 
4182 408 708 8 17 90 onlv setlled arain 5516 1122 7.2 9 20 00 

4590 490 7.1 8 18 89 4998 90 

4284 3BB 7.1 17 91 6120 694 7.22 9 22 69 

3672 15 5630 367 7.2 9 20 
new wine waste 
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Period 2 continue 

date % removal I feed/status 

7.26 17 87 7.31 19 

7.36 8 5202 551 7.3 9 19 89 

5500 1020 7.18 4488 367 7.36 9 16 

7058 959 7.1 8 2B 86 only unsetlled grain 5834 400 7.2 9 21 T I new wine wasle I 
trJ 

92 ~ 

onlv unsetlled qrain I 
7507 653 7.1 8 30 91 only unsettled gram 5508 530 7.2 9 20 

only unsell led grain 
7000 1000 8 

5374 635 8 

5141 450 8 

4950 600 8 20 I 88 unseilled I I I 

450 8 20 91 

5010 510 8 20 90 

5110 555 8 20 89 
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Period 3 

Id rate % removal feedlstlltllS COD in 
(mg/i) (mg/l) 

3 61 start-up: wine 2206 789 7.72 
new wine waste -
new wine waste 

7.65 7 3 57 new wine waste 1983 950 7.81 7 
7.57 7 5 57 llew wine waste 2854 1214 7.71 7 
7.59 7 5 64 new wine wasle 2753 1275 7.69 7 

ine waste 
Ilew wine wasle 

902 7.91 
1039 8.03 
1215 7.8 

tc 
00 

576 

875 
new wine wasle 

7 5 89 new wine wasle 2607 902 
7 6 81 new wine wasle 3312 725 
7 6 89 new wine wasle 3548 725 
7 8 85 new wine wasle 4320 780 

unit 
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