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Abstract 

Studies were performed to understand the sources and properties of winery lees. Grape solids were the largest 
source of lees and apart from red ferment lees, all settled lees flowed readily. Laboratory experiments were 
performed to study the possibility of removing settled lees out from underneath juice or wine. Experiments with 
55° sloped cylindroconical tanks were somewhat successful, but experiments with a typical winery tank shape 
(5° sloped bottom from back to front) were unsuccessful even with the thinnest lees and with tank modifications. 
A workshop on lees and new lees reprocessing equipment was also convened at the 16th Australian Wine 
Industry Technical Conference. 
  



 

iii 
 

Executive summary 

Clarification is a major reason for moving juice and wine between tanks at wineries. After each movement, the 
source tank needs to be cleaned. Tank cleaning and the movement of juice/wine consumes labour, water and 
cleaning chemicals and generates wastewater. This project aimed to learn more about the sources and 
properties of winery lees. It also aimed to study the possibility of removing settled lees out from underneath juice 
or wine, such that the bulk of the juice or wine could remain in the same tank.  
 
Samples of lees and information on lees volumes were collected from collaborating wineries and supplemented 
by laboratory experiments. Grape solids were the largest source of lees. In white wine production, these are 
removed prior to fermentation, while in red wine production they are removed after fermentation in combination 
with yeast. The other major source of lees was bentonite. 
 
Most lees separated by settling were quite thin. The exception was gross red ferment lees. Gross red ferment 
lees samples exhibited high yield stresses (the minimum stress needed to initiate flow). This difference was not 
purely related to their relative solids content, as white ferment lees samples with similar solids contents exhibited 
low yield stresses. The difference likely relates to the inclusion in red ferment lees of grape solids and/or soluble 
materials extracted during fermentation on skins that are not present in white ferment lees. High yield stresses in 
red ferment lees were exacerbated by the inclusion of oak chips in samples from one winery. At that winery, oak 
chips were added to red ferments and were not all removed by their draining and pressing processes. These 
high yield stresses make these lees particularly difficult to manage in the winery. Alternatives to oak chips for 
colour stabilisation is an area that may benefit from further research.   
 
A laboratory apparatus with changeable transparent tanks was constructed to study the possibility of removing 
settled lees out from underneath juice or wine. The use of 55° sloped cylindroconical tanks was somewhat 
successful in facilitating the removal of lees from underneath the clear phase, but this was not considered a 
practical option for large wineries as it would require the installation of new more expensive tanks. The use of 
winery-style tanks with a 5° slope from back to front with or without some simple modification was the 
experimental focus. With unmodified winery-style tanks, the clear phase quickly broke through the lees even with 
the thinnest lees. The use of a baffle above the tank sump just moved the location of breakthrough without 
materially improving lees removal. The use of a ‘Kreepy Krauly’ style device showed some ability to remove lees 
but continually moving the device to the location of the remaining lees presents major challenges and hygiene 
issues. The use of a sweeping arm on the floor of the tank was able to keep the lees moving and prevent the 
breakthrough of clears such that a portion of lees could be removed from the tank. However, this configuration 
would also require an expensive tank retrofit and as the lees level drops and the sweeping arm starts to break 
the lees surface it resuspended the remaining lees. Alternative means of agitating the lees while not 
resuspending it using devices that could be moved between tanks were explored unsuccessfully. Results from 
laboratory experiments were not sufficiently successful to justify the development of a prototype winery-scale 
device to facilitate lees removal from normal winery tanks.   
 
A workshop on lees was also convened at the 16th Australian Wine Industry Technical Conference. This included 
presentations from wineries on their experiences with new lees reprocessing equipment. Slides from this 
workshop are included in Appendix A of this report. Several discussions were also held with wineries on the use 
of new lees reprocessing equipment during the project. A question raised by one wine company that had trialled 
a range of lees reprocessing equipment was how much of the downgrading that occurs with some lees 
reprocessing technologies is just a consequence of the juice/wine being occluded in different types of lees as 
opposed to the technology used to recover it from the lees. Further research to understand lees-occluded 
juice/wine interactions could be worthwhile.    
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1. Introduction 

Clarification is a major reason for moving juice and wine between tanks at wineries. After each movement, the source tank 
needs to be cleaned. Tank cleaning and the movement of juice/wine consume labour, water and cleaning chemicals and 
generate wastewater. 
 
When racking juice/wine off settled lees, the current practice (Figure 1.1) is to first rack the clear juice/wine to another 
tank, then pump the lees to a lees tank (where they are often mixed with other similar lees). In large wineries, juice/wine is 
then recovered from these lees, sometimes by rotary vacuum drum filtration (RVDF) that can result in product oxidation 
and downgrading.   
  
Settled lees generally occupy less than 10% of the volume of the tank. We were interested in whether it might be possible 
to rack this relatively small quantity of lees out from underneath the clear juice/wine. This would allow the larger volume of 
clear/juice wine to remain in the same tank, avoiding the need to move the bulk of the juice/wine and clean the source tank 
(Figure 1.2a). Ideally, in some cases it might even be possible to immediately recover juice/wine by one of the new 
generation alternatives to RVDF that are less likely to downgrade the juice/wine and return it to the same tank (Figure 
1.2b). 
 
In considering the possibility of removing lees from underneath juice/wine, it became apparent that there were very few 
data available on the properties of winery lees and even on the relative volume of different lees throughout the winemaking 
process.  
 
This project endeavoured firstly to collect data from wineries on lees1 volumes, supplemented by laboratory experiments 
where required. Secondly, lees samples would be collected from winery and laboratory experiments and analysed to 
better understand their properties, particularly their flow properties (rheology). Laboratory-scale experiments would then be 
performed to investigate the possibility of removing lees from underneath juice/wine. If the results from these laboratory 
experiments were sufficiently promising, a winery prototype device was to be built to facilitate lees removal from winery 
tanks. 
 
Section 2 of this report contains information on the sources of lees in wineries. Section 3 contains information on the 
properties of different lees and Section 4 contains results from the laboratory-scale investigations of the underneath 
removal of lees. Project conclusions and recommendations follow. 
 
Two articles were written during the project and these are included in Appendix A. At the 16th Australian Wine Industry 
Technical Conference in July 2016 a workshop was also convened as part of the project. This included a presentation 
summarising project work as well as presentations from wine companies on their experiences with new generation lees 
filtration/reprocessing equipment. Slides from this workshop are provided in Appendix A together with slides from an 
earlier presentation to a Winery Engineering Association conference.    
  
 
 
 
 
 
 

                                                           
1Lees is used as a general term in this report to describe all juice or wine sediments, sludges, floats, etc. generated during the 
winemaking process. 
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Figure 1.1: Typical juice/wine racking and recovery processes at large wineries 
 
 
 

 
         

Figure 1.2: Idealised lees racking from underneath clear juice/wine, (a) to a mixed lees tanks, and (b) through a 
lees cross-flow filter back into the same tank  

 

1. 

2. 
3. 

(a) (b) 



 

3 
 
 

2. Sources of lees 

2.1. Materials and methods 

Data on lees were collected from four collaborating wineries. This included data extracted from winery operations 
databases from recent years, data collected explicitly by the wineries during 2014, and information gathered from 
discussions with winemakers and operations personnel. All four wineries were large, having annual crushes of more than 
10,000 tonnes. Lees volume fractions were calculated using the formulas [(Volume in – Volume clears out)/Volume in] or 
[Volume lees out/(Volume lees out + Volume clears out)] depending on the format of available data. 
 
Winery data were supplemented by data from laboratory settling experiments in 2 L measuring cylinders. This included 
juice settling after treatment with common fining agents, fermentations and settling with seven commercially available 
yeasts and wine fining with common fining agents. Unclarified juice used for juice settling experiments was enzyme treated 
free-run/soft pressings (membrane press ~ 660 L/tonne) Chardonnay juice from a collaborating winery. Juice settling 
experiments reported were performed at 4°C for 26 hours. The same batch of juice was also collected from the 
collaborating winery after clarification (centrifugation + flotation) for use in laboratory fermentations. Laboratory 
fermentations were repeated with the first set being settled for 17 days after fermentation and the second set being 
allowed to settle for 65 days after fermentation. Chardonnay wine collected from the same winery was used for wine fining 
experiments, with the experiments reported being performed at 22 °C with eight days settling time.  
 
The above laboratory experiments were also used to generate additional lees samples for analysis that is discussed in 
Section 3.  
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2.2. Results and discussion 

Typically, the largest volumes of lees come from the grape. In white winemaking grape-derived solids are mainly removed 
prior to fermentation, whereas in red winemaking they are usually removed after fermentation where they are combined 
with yeast.  
 
An illustration of relative lees volumes in white wine production is provided in Figure 2.1. Cold settling gave 10% juice lees. 
In contrast, fermentation gave lees volumes between 1% and 3%. Fining agents at typical doses also produced relatively 
small quantities of lees, except for bentonite, which is widely known for producing large volumes of lees (6% in this 
experiment).    

 

 
Figure 2.1: Indicative lees volumes at different stages of white wine production from laboratory settling 

experiments 
 
At a winery scale, a range of techniques are used for white juice clarification. Alternatives to cold settling, include flotation 
and multi-stage clarification processes such as centrifugation followed by flotation (performed in a semi-continuous 
manner), and centrifugation followed by cold settling.  
 
Figure 2.2 presents a comparison of lees volumes obtained with different techniques at three wineries. At Winery A, with 
cold settling, 16% of the initial juice was separated as lees, while with flotation only 7% was separated as lees. With 
flotation, the solids are lifted with nitrogen gas bubbles and therefore there is less juice tied up with the solids than occurs 
with cold settling. Winery B used flotation alone or centrifugation followed by cold settling. Even after many of the larger 
solids had been removed by centrifugation, the volume of lees obtained after cold settling was still higher than using 
flotation alone (13% compared with 9%). Winery C used centrifugation with injection of nitrogen gas for flotation on the 
outlet of the centrifuge with semi-continuous racking of clears from underneath floats in a buffer tank. This process gave a 
lees volume of only 3%. 
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This much lower lees fraction at Winery C than at Wineries A and B is likely to be partly a consequence of the use of 
centrifugation to remove the larger, denser solids and the subsequent use of flotation to remove the lighter solids (both 
technologies which produce lees with low juice content). It is also likely to be partly a consequence of Winery C’s exclusive 
use of membrane presses for draining and pressing, which may have resulted in lower initial juice solids levels than 
occurred at Wineries A and B where inclined or static drainers and screw presses were used for some operations. Types 
and modes of operation of crushing, draining, and pressing equipment are important in limiting lees volumes in the 
winemaking process. 
      

 
Figure 2.2. Median lees volumes from different white juice clarification methods at three wineries (n=number of 

batches) 
 
As illustrated in Figure 2.1, bentonite is also a major potential source of lees in white wine production. Data on bentonite 
lees volume were extracted from one winery’s database. This winery coupled wine fining with sodium bentonite at the rate 
required to remove proteins and induce heat stability with chilling to precipitate tartrates and induce cold stability. Over 
more than 500 batches, the median settled bentonite/tartrate lees volume was 5.1%.   
 
Winery data were also collected on lees volumes during red wine production. Winery B which removed gross red ferment 
lees after draining/pressing by settling had a median settled volume of gross red ferment lees of 9.6% across more than 
500 batches. Lees fractions at different stages of red wine production at Winery D are illustrated in Figure 2.3. This 
reiterated the observation that the largest source of lees in red wine production is the lees containing red grape solids and 
yeast. The red wine ferment lees fraction at Winery D was considerably lower than at Winery B, likely because Winery D 
clarified its fermentations after draining/pressing by centrifugation as opposed to settling.   
 
Data on recovery rates during reprocessing by RVDF were also obtained from wineries A and B. Over many hundreds of 
batches at winery B, recovery rates were 89% for juice lees (mainly cold settled and float lees), while they were slightly 
lower at 82% for white wine lees (mainly settled bentonite and tartrate lees) and at 84% for red wine lees (mainly settled 
red gross red ferment lees). At winery A, over 19 batches, the recovery rate from cold settled juice lees was 86% on 
average.      
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Figure 2.3 Aggregated lees fractions at different stages of red wine production at Winery D 
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2.3. Section conclusions 

1. Grape solids are the largest source of lees. In white wine production, these are removed prior to fermentation, 
while in red wine production they are removed after fermentation in combination with yeast. 

2. Bentonite is the other major source of lees in white wine production.  
3. Flotation appears to be a means of achieving low lees volumes compared with settling, with less capital 

investment than required for centrifugation.  
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3. Properties of lees 

3.1. Materials and methods 

A range of lees samples was collected from collaborating wineries during site visits in 2014. Samples were collected from 
different locations, including from the bottom valve of tanks prior to the clears being racked, through tank doors after clears 
had been racked, from sample taps on mixed lees tanks, and from sample taps on other equipment. Samples were 
preserved for later analysis by the addition of 1 g/L of potassium metabisulfite and storage at 4°C. Lees samples were 
also generated during the laboratory experiments as described in Section 2. Some laboratory experiments involved 
excessive additions of fining agents to generate sufficient lees volume for analysis.   
 
Wet solids content of lees was determined by centrifugation (50 mL, 3,000 x g, 5 minutes – Figure 3.1) and all results are 
reported in percentage solids by volume. Dry solids content was determined using oven drying and weighing. 
Approximately 5 g of both the lees sample and 5 g of the same sample (or associated supernatant) that had been filtered 
through a 0.2μm syringe filter were heated to 70°C for 24 hours (Figure 3.2). This allowed the determination of both the 
dry dissolved and suspended solids content of the lees. All dry solids measurements reported are dry suspended solids 
content by weight.  
 
Particle size analysis was performed by laser diffraction using a Malvern Mastersizer 2000. Microscopy was performed on 
samples using a Celestron PentaView LCD Digital Microscope at magnifications of 40-400x. 
 
Static yield stress of samples was determined using the vane shear technique described by Nguyen and Boger (1983) with 
a speed of 0.1 rpm. A Haake VT550 controlled rate Searle type viscometer (Figure 3.3a) was employed with either a 
FL100 or FL10 (Figure 3.3b) sensor fitted depending on the yield stress of each sample. The vane was inserted into the 
sample by raising the sample on a laboratory jack (Figure 3.3a). The sample was allowed to relax for 5 minutes after vane 
insertion before analysis began. The minimum shear stress officially within the bounds of the instrument was 0.5 Pa and 
any results lower than that have been reported as < 0.5 Pa. Static yield stress was not generally determined for laboratory 
derived samples because of insufficient sample volume (dynamic yield stress results were relied upon for laboratory-
derived lees samples as described below).  
 
A stepped shear rate flow loop was performed with the Haake VT550 with measurements at shear rates of 5, 10, 50, 100, 
200, 300, 400, 500, 400, 300, 200, 100, 50, 10, and 5 s-1. At each shear rate 15 seconds of equilibration was allowed 
before the average measurement was collected over the next 30 seconds. For high viscosity lees samples an MV2P 
profiled sensor with MVP profiled cup (2.6 mm gap, Figure 3.3c) was used, while for low viscosity lees samples an NV 
sensor and NV cup (1 mm gap) was used. To protect the instrument and avoid erroneous measurements, lees samples 
tested with the MV2P/MVP sensor/cup were first passed through a 1 mm sieve and lees samples tested with the NV/NV 
sensor/cup were first passed through a 300 μm sieve. Dynamic yield stress was determined by extrapolation of the flow 
loop to a shear rate of 0 s-1. Tabulated viscosity measurements for comparison in this report are at a shear rate of 500 s-1, 
not because this is the most relevant shear rate, but because the instrument is most accurate at higher shear rates for 
some of the thinner lees samples encountered. Unless otherwise stated, tests were conducted at 20°C. During the 
stepped shear rate loop, the sample temperature was maintained using an external temperature-controlled recirculating 
bath.       
 
Selected lees samples were also analysed in conjunction with a Rheological consultant using their high-end Haake Mars 
III controlled stress/controlled rate rheometer (Figure 3.4) to verify the behaviour observed on the much cheaper Haake 
VT550 instrument. Yield stress measurements were performed by slowly increasing the stress levels in controlled stress 
mode and measuring deformation. Flow loops were performed in controlled rate mode by increasing the shear rate from 1 
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to 500 s-1 and back again. 35 mm profiled plate and plate sensors were used for all measurements on the Haake Mars III 
with a gap of 1 or 1.5 mm.   
 

 
 

Figure 3.1: Wet solids content measurment, example samples after centrifugation (a) juice lees with bentonite, 
and (b) red ferment lees 

 
 

 
 

Figure 3.2: Dry solids content measurement, example samples (a) before, and (b) after heating 
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Figure 3.3: Haake VT550 controlled rate viscometer, (a) overview with vane sensor inserted in sample, (b) FL10 
vane sensor for static yield stress measurement, (c) MVP profiled cup, and (d) MV2P sensor for stepped shear 

rate flow loop measurements 
 

        
 
Figure 3.4: Haake MARS III controlled stress/controlled rate rheometer, (a) overview, and (c) close-up with excess 

sample visible from between profiled plates 
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3.2. Results and discussion 

Data on lees properties are presented in the following sub-sections. Additional data are included in Appendix D. 

3.2.1. Particle size distribution 

Figure 3.5 presents particle size distributions for selected juice lees samples separated in different manners at 
collaborating wineries. It includes lees from single stage juice clarification by settling or flotation, as well as from two stage 
juice clarification with centrifugation as the first step and settling or flotation as the second step. Single stage settling and 
flotation had broad particle size distributions. Centrifugation lees from two-stage clarification processes featured larger 
particles, with lees from the second stage clarification by settling or flotation being dominated by the remaining smaller 
particles. Generally, juice lees particle size distributions were quite broad reflecting their composition of grape solids at 
various stages of breakdown and of tartrate crystals at various stages of crystal growth.  
 
The settling sample in Figure 3.5 was collected from the bottom valve of a tank in which the lees had settled but the clears 
had not yet been racked. Samples were also collected from this tank at different heights within the lees bed by moving the 
tank racking arm to different positions. Particle size distributions for all samples from this tank are shown in Figure 3.6. At 
the bottom of the tank, the wet solids content of the lees was 27% and the particle size distribution is quite broad with a 
noticeable peak around 300 µm. Higher up in the lees, this particle size distribution became less heterogeneous. The wet 
solids content of the lees also decreases to 23% at 0.5 m, 18% at 0.9 m, 9% at 1.2 m and <2% at 1.7 m. The lees bed 
effectively ended somewhere between 1.2 m and 1.7 m.  
 

 
Figure 3.5: Particle size distribution of juice lees separated with different techniques 

 
Figure 3.7 compares the particle size distribution of settled lees from different stages of wine production. White wine 
bentonite lees featured a peak in particle size distribution centred around 4 µm. White ferment lees had a tighter particle 
size distribution centred around 4 µm corresponding with yeast cells. Gross red ferment lees were very different. While 
they featured a peak in particle size distribution around 4-5 µm corresponding with yeast cells, they also featured another 
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peak with a much larger particle size over 100 µm. This was a feature of all red ferment lees samples. In microscopy of 
red ferment lees samples, regular yeast cells together with larger irregular aggregate material were visible (Figure 3.8).  
 

 
Figure 3.6: Particle size distribution of settled juice lees at different heights in a 10m tall tank  

 

 
Figure 3.7: Particle size distribution of different lees separated by settling  
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Figure 3.8: Microscopy (100x magnification) of a red ferment lees sample spread on a microscope slide, with 
regularly shaped yeast cells as well as larger irregularly shaped aggregate material visible  
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3.2.2. Rheology  

Figure 3.9 summarises the rheological behaviour of some illustrative winery lees samples. Figure 3.10, presents the same 
plot with the gross red ferment lees series removed to allow rescaling and closer inspection of the other series. The main 
observation was that the rheology of the gross red ferment lees is completely different to all the other lees. Unlike the other 
lees, it featured a noticeable yield stress (the minimum stress needed to initiate flow – the point of intersection of the 
curves in Figures 3.9 and 3.10 with the y-axis). With our end goal in-mind, this is an important finding as it suggested that 
gross red lees would be more difficult to remove from a tank than other lees. The relatively high yield stress of the gross 
red ferment lees was not purely related to its solids content as white ferment lees with similar solids contents exhibited 
only small yield stresses.      
 
Lees samples exhibited some degree of shear thinning behaviour over the range of shear rates measured (i.e. their 
apparent viscosity, the slope of the shear stress vs. shear rate curve, decreased with increasing shear rate). They also 
exhibited a degree of thixotropy (i.e. the apparent viscosity showed some time-dependent thinning behaviour, as illustrated 
in Figures 3.9 and Figure 3.10 by the shear stress curve being lower as the shear rate was reduced from its peak shear 
rate than it was when it was raised to its peak shear rate).  
 
Table 3.1 presents the range of rheological values for the different categories of winery lees samples collected (these were 
sourced from a range of clarification processes as detailed in Appendix D). Sample analysis using the more advanced 
rheometer also showed the same trends in relative behaviour for different categories of lees (Table 3.2).  
 
 

 
Figure 3.9: Rheology of representative settled winery lees (literature values for water included for comparison) 
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Figure 3.10: Rheology of representative settled winery lees  

 

Table 3.1: Range of solids contents and rheological properties of winery lees samples 

 Wet solids 
content (v/v) 

Dry solids  
content (w/w) 

Static yield 
stress (Pa) 

Dynamic yield 
stress (Pa) 

Viscosity @ 500 
1/s (mPa.s) 

Juice (n=19) 7 – 76% 0.8 – 27% < 0.5 – 17.5 0 – 12 2.7 – 6.3 

White ferment (n=7) 39 – 67% 13 – 29% < 0.5 – 2.2 0 – 1.5 8.2 – 37 

Red ferment (n=13) 38 – 90% 12 – 29% 12 - 130 13 - 110 73 - 280 

White/rose wine bentonite (n=2) 22 – 28% 3.5 – 10% 0.9 – 1.1 0.55 – 0.6 5.6 – 7.2 

 

Table 3.2: Comparison of rheological results from the Haake VT550 viscometer and MARS III rheometer 

   VT550 MARS III 

 Wet solids 
content (v/v) 

Dry solids  
content (w/w) 

Static yield 
stress (Pa) 

Viscosity @ 
500 1/s 
(mPa.s) 

Static yield 
stress (Pa) 

Viscosity @ 
500 1/s 
(mPa.s) 

Juice  27% 7.0% < 0.5 5.8 0.18 7.8 

White ferment  51% 15% < 0.5 14 0.14 20 

Red ferment 47% 16% 28 130 38 190 
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To probe whether white ferment lees may have properties more like the red ferment lees if different yeast types were 
used, lees from laboratory white ferments with seven different types of yeasts were analysed (Figure 3.11). Some 
laboratory-derived white ferment lees did exhibit higher apparent viscosities than observed in the samples collected from 
wineries. However, in all cases the yield stress was still very low. The highest dynamic yield stress observed was 4.5 Pa, 
which was lower than the lowest yield stress observed in red ferment lees samples collected at wineries.  
 
The relative rheological properties of the red and white ferment lees are also demonstrated visually in Figure 3.12. The 
white ferment lees is obviously viscous, but it does flow as evidenced by the slow-moving strands running off the hand. In 
contrast, the red ferment lees holds together and only falls of the hand in blobs, consistent with its high yield stress. The 
different behaviour of the red and white ferment lees is also consistent with the different particle size distributions 
presented in Figure 3.7. There are larger particles apparently extracted or formed during red fermentation on grape skins 
that give the red ferment lees its enhanced structure.  
 

 
Figure 3.11: Dynamic yield stress and viscosity of laboratory settled white lees following fermentation with 7 

different yeasts 
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Figure 3.12: (a) white ferment lees, and (b) red ferment lees 
 
Rheological results for settled juice lees from laboratory experiments are presented in Figure 3.13. Data were consistent 
with winery juice lees samples, with settled juice lees having low yield stresses and low apparent viscosities. Notably, the 
addition of a range of fining agents had little influence on the rheological properties of juice lees, partly because in most 
cases the juice particles themselves were the main contributor to the lees (although bentonite was a significant contributor 
to the lees volume when added). 
 

 
Figure 3.13: Dynamic yield stress and viscosity of laboratory settled juice lees after fining with various agents  

(a) (b) 
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Rheological properties of white wine after fining with agents at elevated doses to generate sufficient sample volume for 
analysis are presented in Figure 3.14. The yield stresses of all lees were quite low. The apparent viscosity varied between 
samples. PVPP and carbon had relatively high viscosities, but this was likely to be mainly related to their very high solids 
contents. Isinglass also produced relatively viscous lees despite having a lower solids content.   
 

 
Figure 3.14: Dynamic yield stress and viscosity of laboratory settled white wine fining lees  

 
 
The rheological behaviour of lees is also temperature dependent. Analyses reported so far have been at 20°C, but in 
Figures 3.13 and 3.14 the rheological behaviour of lees at 4°C is also included. At 4°C the yield stress in the red ferment 
lees samples was higher as was the apparent viscosity. Similarly, at 4°C the apparent viscosity of the juice lees samples 
was also higher than it was at 20°C.   
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Figure 3.13: Influence of temperature on the rheology of a red ferment lees sample (47% wet solids / 16% dry 

solids) 
 
 

Figure 3.14: Influence of temperature on the rheology of a white juice lees sample (27% wet solids / 7% dry solids) 
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At Winery B, where most red ferment lees samples were collected, small oak chips were typically added during red 
ferments. In the settling tanks after draining and pressing, there was often a layer of oak chips (Figure 3.15a) present on 
the tank floor below the rest of the lees (Figure 3.15b). Yield stress measurements were performed on a sample of the oak 
chip-containing lees and of the lees above it in the same tank (Table 3.2). Not surprisingly the yield stress of the oak chip-
containing lees was even higher than for the other red lees. These chips made it difficult for the cellar hands to remove the 
red ferment lees from the tanks after the clears had been racked.  
 
It was an initially a surprise that oak chips could find their way through the draining and pressing process into the settling 
tank. At the winery, fermenters were drained via trommel rotary draining screens (Figure 3.16.) with the large solids going 
to continuous screw presses and the drained wine passing to the settling tank (via a buffer tank from which some wine 
was drawn to jet out fermenters). The slots in the rotary draining screens were approximately 2 mm wide. Wine from the 
continuous screw presses also went to the settling tank, via the same buffer tank after first passing through another style 
of rotary screen with slots approximately 1 mm wide. It is most likely that the oak chips in the settling tanks had passed 
through the 2 mm slots in the trommel rotary draining screens.   
 
There is a small possibility that a very small particle size fraction of oak chips could even have been responsible for the 
high yield stresses in all the red ferment lees samples, even those without any visible oak chips, but it seems unlikely. 
 
 

 
 

Figure 3.15: Samples from red ferment settling tank of (a) oak chips from tank floor, and (b) lees from above the 
oak chips 

 

Table 3.3: Static yield stress of red ferment lees comprising oak chips or not 

 Wet solids 
content (v/v) 

Dry solids  
content (w/w) 

Static yield 
stress (Pa) 

Oak chips lees on tank floor n.m. 33% 280 

Lees above oak chips 60% 19% 60 

 

(a) (b) 
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Figure 3.16: Rotary trommel draining screen, (a) overview, and (b) close-up of screen showing the 2 x 40 mm 
drainage slots (behind the protective cage)  

 

 

 

  

(a) (b) 
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3.3. Section conclusions 

1. Most winery lees samples analysed were quite thin and had relatively low yield stresses. The exception was red 
wine ferment lees, which had very high yield stresses. This was not solely dependent on their relative solids 
content, as white ferment lees with similar solids contents did not behave in this manner. 

2. Winery lees samples generally exhibited some degree of shear thinning and thixotropic behavior. 
3. Oak chips in red ferments that bleed through to settling tanks create processing difficulties and where this occurs, 

means to prevent their bleed through should be explored.  
4. The low yield stresses observed with most winery lees samples (except red ferment lees) seemed promising (at 

that point in time) with regards to being able to remove the lees from underneath clears.  
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4. Removing lees from underneath juice/wine 

4.1. Materials and methods 

An experimental laboratory apparatus was designed and built to study the possibility of removing lees from underneath 
juice or wine in 2015 (Figure 4.1). This included transparent tanks with switchable lower sections. Tank configurations 
studied included cylindroconical tanks (brewery-style tanks with a 55° slope), and standard winery-style tanks (tanks with 
a 5° slope from back to the front) with and without modifications. The working section of tanks was designed to be 
geometrically similar to a 200,000 L tank based on several construction drawings supplied by collaborating wineries and 
inspection of tanks at wineries. Progressing cavity pumps with variable speed drives were used to remove lees from 
underneath clears at a controlled rate as measured by an electromagnetic flow meter. The most common flow rate used in 
experiments was 3.5 L/hr, which was calculated to be approximately dynamically equivalent (across the lees bed) to 
pumping lees at a rate of 20,000 L/hr from a 200,000 L tank. 
   
Lees for use in experiments were sourced from collaborating wineries. These were preserved with up to 4 g/L of 
potassium metabisulfite to allow for long-term storage at ambient temperature. The main lees used in experiments were 
Riesling juice lees and a Chardonnay wine sodium bentonite lees. Both had been obtained by settling at the wineries. To 
recreate the lees under a clear phase in the laboratory, a portion of the lees was mixed with water and allowed to settle 
overnight. The settled lees were then pumped out at the designated rate to perform each experiment. To verify that this 
was a suitable practical method for studies of lees, Chardonnay wine was fined with 1 g/L sodium bentonite in one of the 
tanks and the resulting settled lees pumped out to see that it followed similar general behaviour to the mixtures of sodium 
bentonite lees and water.  
 
 

 
 

Figure 4.1: Experimental apparatus for studying lees removal from underneath juice or wine 

Pump variable 
speed drives and 
flow meter display  

Refrigeration 
and heating Progressing 

cavity pumps 
and flow meter 

Suspended tanks 
with switchable 
lower sections 
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4.2. Results and discussion 

Cylindroconical tanks with a 55° slope were reasonably successful in facilitating the removal of juice lees or wine bentonite 
lees out from underneath water (Figure 4.2). Around 95% of the juice lees could be pumped from the tank before the water 
broke through the lees. The results were not quite as good for the bentonite lees, but 80% of the lees was still able to be 
removed before the water broke through the lees.    
 
Cylindroconical tanks are commonly used in breweries. However, we do not believe that they are a viable solution for 
wineries. Avoiding juice/wine movements and tank cleaning is generally of most benefit in larger complex wineries. Larger 
cylindroconical vessels are likely to be significantly more expensive than large simple wine storage tanks, since they 
require additional tank support structures to facilitate the steep cone. This additional expense is not such an issue for 
breweries that have a small number of tanks since a batch of beer only has a brewery lifetime before bottling of days or 
weeks. This contrasts with wine production, where enough tank/vessel volume to hold at least a whole year’s worth of 
production is generally required (i.e. juice/wine from the whole vintage). Furthermore, the Australian wine industry has 
already been through its massive wine volume boom in the 1990s and 2000s, during which time many large tanks of 
simple design were installed, so there is likely to be little appetite for installing a lot of new tanks.  
 

 

Figure 4.2: 55° sloped conical bottomed tank pumping out lees at 3.5 L/hr from underneath water - juice lees (a) 
initially, and at (b) water breakthrough, and sodium bentonite lees (c) initially, and at (d) water breakthrough 

(watch video on YouTube: https://www.youtube.com/watch?v=GG4YXSFOT5Q )   
 
Figure 4.3 presents results from similar experiments, with a 5° sloped winery-style tank. As soon as the pump was turned 
on, a hole was immediately sucked in the lees and water ran through. Despite bentonite and juice lees being shown in 
Section 3 to have much lower yield stresses than the red ferment lees, the yield stress was still high enough to prevent the 
lees flowing. Similar behaviour was seen at lower flow rates (Figure 4.4) and with real wine fined with bentonite (Figure 
4.5) as opposed to mixtures prepared from winery lees and water. With large lees beds (Figure 4.6) the water did not 
break through straight away, but still did so with much of the lees remaining in the tank.     
 

(a) (b) 

(c) (d) 

https://www.youtube.com/watch?v=GG4YXSFOT5Q
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Figure 4.3: 5° sloped winery tank pumping out lees at 3.5 L/hr from underneath water, juice lees (a) initially, and at 
(b) water breakthrough, and bentonite lees (c) initially, and at (d) water breakthrough (watch video on YouTube: 

https://www.youtube.com/watch?v=fjDC6C7xCgE)   
 

 

Figure 4.4: Juice lees at water breakthrough, with pump flow rates of (a) 0.7 L/hr, (b) 1.7 L/hr, and (c) 3.5 L/hr 
 

(a) (b) 

(c) (d) 

(a) (b) 

(c) 

https://www.youtube.com/watch?v=fjDC6C7xCgE


 

26 
 
 

 
Figure 4.5: Wine fined with 1 g/L of sodium bentonite and settled lees being pumped out at 3.5 L/hr, (a) initially, 

and (b) at wine breakthrough  
 

 

 

Figure 4.6: Large bed of juice lees being pumped out at 3.5 L/hr from underneath water (a) Initially, (b) part-way 
through, and (c) at water breakthrough (watch video on YouTube: https://www.youtube.com/watch?v=FXw-

mNSMqSI) 
 

(a) (b) 

(a) 

(b) (c) 

https://www.youtube.com/watch?v=FXw-mNSMqSI
https://www.youtube.com/watch?v=FXw-mNSMqSI
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To counteract the breakthrough effect with winery-style tanks (which was always expected to some extent, but not quite as 
definitively and instantly as it occurred), several strategies were trialled. Firstly, a baffle was fitted above the bottom valve 
sump to try to prevent the water channelling along the tank wall through the lees (Figure 4.7). This just moved the location 
of breakthrough, without materially improving lees removal.  

 

 

 

Figure 4.7: Bentonite lees being pumped out at 3.5 L/hr with a baffle above the sump, (a) Baffle in empty tank, (b) 
before beginning to pump, and (c) at water breakthrough (watch video on YouTube: 

https://www.youtube.com/watch?v=o7L7XMBGwiY) 
 
The next modification trialled was to use a suction foot that would remove the lees via a hose and could be moved around 
the tank (Figure 4.8). Magnets were placed on the bottom of the suction foot and corresponding magnets were placed on 
the underside of the tank so that the suction foot could be moved. This arrangement was able to remove much of the lees 
provided the suction foot was moved to exactly where the lees still were. As soon as the lees were exhausted in a specific 
location, the water would breakthrough until the suction foot was moved back into the lees. Automated movement around 
the floor is a major issue for any lees removal device of this general style. The general concept of the suction foot is similar 
to a suction side pool cleaner like the ‘Kreepy Krauly’ (Figure 4.9). There is a flapper valve in that device that diverts flow 
between two passages. As the flow is halted each time, the kinetic energy of the suction flow is transferred to the device 
causing it to move. Floats, weights, and other fittings help steer the device so it eventually covers the entire wall of the 
pool. This slow, somewhat random motion would not be suitable for winery lees because it would eventually go back over 
areas where the lees has already been removed, and pump clears. The inclusion of a device like this inside a winery tank 
is also not very hygienic. Generally, the most hygienic arrangement will be one where the lees are removed through the 
normal bottom valve of the tank.      
 

(a) 

(b) (c) 

https://www.youtube.com/watch?v=o7L7XMBGwiY
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Figure 4.8: Juice lees being pumped out at 3.5 L/hr using a moving suction foot (a) Before beginning to pump, 
and (b) during pumping (watch video on YouTube: https://www.youtube.com/watch?v=3XjhfObElgg) 

 
 

 
 
Figure 4.9: Kreepy Krauly suction-side pool cleaner, (a) diagram from patent US4023227, and (b) modern version 

 
The next modification trialled to avoid clears breakthrough in the winery-style tank was the installation of a large sweeping 
arm in the bottom of the tank (Figure 4.10). A motor with a sweeping arm was fitted on the outside of the tank and this 
turned a matching free sweeping arm inside the tank my means of magnets on both arms. Experiments were initially 
performed with the arm moving at 0.6 rpm. This showed some promise. Clears would begin to breakthrough the lees, but 
then as the arm came around it would close the hole and reform the lees. Experiments were then performed at 2 rpm. This 
speed was high enough such that the hole would never form. The lees held together and as the sweeping arm moved 
around the tank there was a noticeable wave in the lees. It was only as the lees level decreased to the point where the 
sweeping arm started to break the lees surface that lees began to be resuspended. A sweeping arm like this is again not 
really a viable solution for wineries because it would involve a major retrofit to every tank.  
 
 
 

Flapper valve (16) diverts flow 
intermittently between two 
passages (40). As flow is 

halted each time, the kinetic 
energy of the suction flow is 

transferred to the device, 
causing it to move.    

(a) (b) 

(a) (b) 

https://www.youtube.com/watch?v=3XjhfObElgg
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Figure 4.10: Pumping sodium bentonite lees from underneath water with a sweeping arm on the floor moving at 2 
rpm at 3.5 L/hr, (a) empty tank, and (b), (c) and (d) during pumping (watch video on YouTube: 

https://www.youtube.com/watch?v=TUckCGQsSbI) 
 

To try and replicate the underneath lees agitation effect, an experiment was also performed where lees were drawn from 
the tank at one side and reintroduced at the other side tangential to the wall (Figure 4.11). This was unsuccessful. It 
resulted in some resuspension of lees and it did not keep the lees moving enough to prevent breakthrough of the clears. It 
may have been more successful in creating the swirling effect if there were many inlet points, but even still, there would 
always be a point where as the lees dropped below a certain point, the swirl would start to resuspend the lees at the rear 
of the tank. It would also require some form of complex manifold to be installed on tanks and the agitation of the lees at the 
perimeter of the tank would likely not have been transmitted sufficiently to the centre of the tank floor to keep all the lees 
moving. 

 

 

Figure 4.11: Attempted tangential swirling of juice lees while pumping out from bottom valve at 3.5 L/hr, (a) while 
operating, and (b) empty tank showing location of tangential inlet and outlet  

(a) (b) 

(c) (d) 

(a) (b) 

https://www.youtube.com/watch?v=TUckCGQsSbI
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Really the most desirable solution is to try to keep the lees moving using an arrangement that involves introducing a 
simple, cheap object into a tank that is then made to move around by a more complex external device that can be easily 
moved between tanks. As a step towards this and to further understand underneath agitation of lees, it was planned to 
build a chain of electromagnets that would wrap around one of the laboratory tanks and connect this to some form of a 
control system that could turn the different electromagnets on and off in any pattern designed. For example, a ball-bearing, 
could be made to move around the perimeter of the tank with the electromagnets, either continuously in one direction or 
alternating in direction (stopping before the rear of the tank each time as the lees level drops to try to avoid resuspension 
of the lees). Electromagnets available at reasonable prices were considered but were found to not have sufficient pulling 
power at the distance that they would require to be able to pass a ball-bearing between them. Furthermore, this 
arrangement may not have worked anyway, as similarly to pump-induced swirling arrangements, the agitation of the lees 
at the perimeter of the tank may not have been transmitted to the centre of the tank floor.  

With no real way forward that was likely to allow for lees removal by relatively simple tank modifications, the experiments 
were ended and it was not deemed worthwhile to develop a winery prototype. The experimental apparatus is still intact 
and if a new idea was developed it could be revisited, but at this stage the chances of success are low.   
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4.3. Section conclusions 

1. Some success was achieved in removing lees from underneath clears using brewery-style cylindroconical tanks 
with a 55° slope, but this is not a viable solution for large wineries since it would require the purchase of 
expensive new tanks. 

2. Using normal winery-style tanks with a 5° slope from back to front, the clears broke through the lees almost 
immediately. 

3. Some limited success was experienced in removing lees from underneath clears when the lees were agitated 
underneath the surface by a sweeping arm, but efforts to recreate this using other less capital-intensive 
techniques were not successful. 

4. Overall, laboratory trials were not sufficiently successful to justify development of a winery prototype device or 
tank modification.  
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5. Conclusions & recommendations 

(Recommendations are provided in italics)  
 
1. Grape solids are the largest source of lees in wineries. In white wine production, these are removed prior to 

fermentation, while in red wine production they are removed after fermentation in combination with yeast. 
 

 More work could be performed on the optimisation of draining and pressing processes to minimise 
grape-derived-lees. This could include the evaluation of press alternatives like decanter centrifuges that 
may avoid juice lees generation altogether. 

 
2. Bentonite is the other major source of lees in white wine production.  
 

 Alternatives to bentonite for heat stabilisation should continue to be sought. 
 
3. Flotation appears to be a means of achieving low juice lees volumes compared with settling, with less capital 

investment than required for centrifugation.  
 
 Flotation should be considered as an option for juice clarification by medium and large wineries currently 

using settling and further studies should be performed to optimise flotation processes.    
 

4. Most winery lees were quite thin and had low yield stresses. The exception was red wine ferment lees, which had 
high yield stresses. This was not solely dependent on their solids content as white ferment lees samples of 
similar solids contents did not behave in the same manner. 
 

5. Winery lees samples generally exhibited some degree of shear thinning and thixotropic behavior. 
 

6. Oak chips in red ferments that bleed through to settling tanks appear to be a processing challenge. 
 
 For wineries experiencing oak chips bleeding through draining and pressing processes it may be worth 

considering using slightly larger oak chips that won’t bleed through or tighter screens that may retain the 
oak chips.  

 Research could be performed on alternatives to oak chips for colour stabilisation during fermentation. 
 
7. Some success was achieved in removing lees from underneath clears using brewery-style cylindroconical tanks 

with a 55° slope. 
 

8. With normal winery-style tanks with a 5° slope from back to front, clears broke through the lees almost 
immediately.  
 

9. Some limited success was achieving in removing lees from underneath clears when the lees were agitated 
underneath the surface by a sweeping arm, but efforts to recreate this using other less capital intensive 
techniques were not successful. 
 

10. Overall, laboratory trials were not sufficiently successful to justify development of a winery prototype or winery 
scale trials of underneath removal of lees.  
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 Removal of lees from underneath clears is not worth pursuing further for now. 
 The ideal solution would involve some means of trying to keep the lees moving without breaking the 

lees-clears interface. It would involve a simple, cheap object that can be added to a tank and that is 
made to move around by an external device that can be easily moved between tanks as required.  

 
11. A workshop on lees was convened at the 16th Australian Wine Industry Technical Conference. This included 

presentations from wineries on their experiences with new lees reprocessing equipment. Several discussions 
were also held with wineries on the use of new lees reprocessing equipment during the project. A question raised 
by one wine company that had trialled a range of lees reprocessing equipment was how much of the 
downgrading that occurs with some lees reprocessing technologies is just a consequence of the juice/wine being 
occluded in different types of lees as opposed to the technology used to recover it from the lees. 
 
 Further research to understand lees-occluded juice/wine interactions could be worthwhile.  
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7. Appendix A - Communication 

7.1. Winery Engineering Association Conference 2014  

A presentation entitled “Lees: reverse racking, rheology and recovery” was given to the Winery Engineering Association 
Conference on 18 June 2014 at the Serafino winery McLaren Vale. The slides are provided below. 
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7.2. Australian & New Zealand Grapegrower & Winemaker magazine article – November 2014 

An article entitled “Reverse racking and clarification” was published in the November 2014 issue of Australian & New 
Zealand Grapegrower & Winemaker magazine. The article is provided below.   
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7.3. Australian & New Zealand Grapegrower & Winemaker magazine article – March 2016 

An article entitled “Winery lees: Minimising volumes and recovering better quality juice and wine” was published in the 
March 2016 issue of Australian & New Zealand Grapegrower & Winemaker magazine. The article is provided below.   
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7.4. Workshop W37 at 16th Australian Wine Industry Technical Conference 2016 

A workshop was convened on the topic “Lees: minimising volumes and recovering better juice and wine” at the 16th 
Australian wine Industry Technical Conference at the Adelaide Convention Centre on Wednesday 27 July 2016. An 
abstract for the workshop is provided below, followed by a copy of the slides from all presenters. There were 
approximately 30 attendees.  
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simon.nordestgaard@awri.com.au 
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Watch video on YouTube: https://www.youtube.com/watch?v=GG4YXSFOT5Q 
 

https://www.youtube.com/watch?v=GG4YXSFOT5Q
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Watch video on YouTube: https://www.youtube.com/watch?v=FXw-mNSMqSI  
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8. Appendix B – Intellectual property 

No explicit intellectual property needing to be protected. 
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9. Appendix C – Staff 

Project Supervisor: Vincent O’Brien,  
Chief Investigator: Simon Nordestgaard 
Project Engineer: Tadro Abbott 
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10. Appendix D – Additional data  

 

Table D.1: Winery juice lees sample data 

Winery Process Sampling location  Variety/detail Wet solids 
content (v/v) 

Dry solids  
content (w/w) 

Static yield 
stress (Pa) 

Dynamic yield 
stress (Pa) 

Viscosity @  
500 1/s (mPa.s) 

A Settling Settling tank - Bottom valve (pre-
rack) 

Gewurztraminer - 
Free-run 27% 7.0% <0.5 0.3 5.8 

A Settling Settling tank - Bottom valve (pre-
rack) 

Gewurztraminer - 
Pressings 30% 7.2% <0.5 0.4 6.5 

A Settling  Settling tank - Bottom valve (pre-
rack) 

Gordo (with Na/Ca 
bentonite) 31% 10% <0.5 0.3 5.3 

A Settling  Settling tank - Bottom valve (pre-
rack) 

Gordo (with Na/Ca 
bentonite) 31% 9.0% <0.5 0.3 5.2 

B Centrifugation Desludge outlet Chardonnay - Free-
run 37% 17% 2 0.8 17 

B Centrifugation Desludge tank inlet Chardonnay - 
Pressings 15% 1.6% 0.6 0.6 6 

B Settling after 
centrifugation Lees tank (agitated) - sample tap Gordo - Free-run 7% 0.9% <0.5 0.1 2.7 

B Settling after 
centrifugation Lees tank (agitated) - sample tap Gordo - Free-

run/Pressings 10% 1.4% <0.5 0 3 

B Settling after 
centrifugation Lees tank (agitated) - sample tap Colombard - 

Pressings 16% 1.8% <0.5 0.1 3.3 

B Settling after 
centrifugation Lees tank (agitated) - sample tap Sauvignon Blanc - 

Free-run/Pressings 9% 1.0% <0.5 0.02 2.7 

B Settling after 
centrifugation Lees tank (agitated) - sample tap Chardonnay - Free-

run/Pressings 10% 1.1% n.m. 0 3 

B Settling after 
centrifugation Lees tank (agitated) - sample tap Chardonnay - Free-

run/Pressings 8% 0.8% <0.5 0.1 3.3 

B Settling after 
centrifugation 

Settling tank - Bottom valve (pre-
rack) 

Chardonnay - Free-
run/Pressings 30% 3.2% 0.6 0.4 7.5 

B Flotation Lees tank - Bottom valve Chardonnay 34% 8.6% 2.5 0.8 17 

C Centrifugation Desludge outlet Chardonnay - 
Pressings 27% 9.1% 0.6 0.45 7.5 

C Centrifugation Desludge outlet Chardonnay - Free-
run 72% 27% 9.1 5 42 

C Centrifugation Desludge outlet Riesling - Free-run 76% 17% 17.5 12 63 

C Flotation after 
centrifugation Buffer tank door Chardonnay - 

Pressings n.m. 5.0% n.m. 5 25 

C Centrifugation 
& Flotation Feed to RVDF Semillon/Riesling 24% 5% <0.5 0.2 6.8 

 

Table D.2: Winery white ferment lees sample data 

Winery Process Sampling location  Variety/detail Wet solids 
content (v/v) 

Dry solids  
content (w/w) 

Static yield 
stress (Pa) 

Dynamic yield 
stress (Pa) 

Viscosity @  
500 1/s (mPa.s) 

A Settling Sampled by winery post-racking 
(asked for thickest lees) 

Fiano (with Na/Ca 
bentonite) 55% 13% 1.1 0.8 14 

A Settling Sampled by winery post-racking 
(asked for thickest lees) Vermentino 67% 29% <0.5 0 37 

A Settling Sampled by winery post-racking 
(asked for thickest lees) 

Chardonnay (with 
Na/Ca bentonite) 40% 10% 0.7 0.4 8.2 

A Settling Sampled by winery post-racking 
(asked for thickest lees) 

Chardonnay (with 
Na/Ca bentonite) 51% 18% 2.2 1.5 23 

A Settling Sampled by winery post-racking 
(asked for thickest lees) Chardonnay 39% 18% 1 0.7 26 

B Settling Settling tank - Bottom valve (pre-
rack) Chenin Blanc 51% 15% <0.5 0.3 14 

B Settling Sampled by winery post-racking 
(asked for thickest lees) Chardonnay 55% 21% <0.5 0.3 14 
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Table D.3: Winery red ferment lees sample data 

Winery Process Sampling location  Variety/detail Wet solids 
content (v/v) 

Dry solids  
content (w/w) 

Static yield 
stress (Pa) 

Dynamic yield 
stress (Pa) 

Viscosity @  
500 1/s (mPa.s) 

A Centrifugation Desludge outlet Cabernet Sauvignon 90% 29% 25 25 279 

B Settling Lees tank (agitated) - racking 
valve 

75% P. Verdot + 
Shiraz, Cab, Merlot 47% 16% 28 22 132 

B Settling Settling tank - door (starting to 
pump lees away) Shiraz 45% 14% 37 42 142 

B Settling Settling tank - door (0.4 m lees 
remaining) Shiraz 57% 21% 100 105 256 

B Settling Settling tank - door (0.2 m lees 
remaining) Shiraz 47% 18% 128 n.m. n.m. 

B Settling Settling tank - door Cabernet Sauvignon 38% 12% 15 25 73 

B Settling Settling tank - door (starting to 
pump lees away) Merlot 56% 18% 54 n.m. n.m. 

B Settling Settling tank - door (0.2 lees 
remaining) Merlot 57% 16% 44 n.m. n.m. 

B Settling Settling tank - door (starting to 
pump lees away) Cabernet Sauvignon 61% 20% 71 n.m. n.m. 

B Settling Settling tank - door (chips on tank 
floor) Cabernet Sauvignon n.m. 33% 297 n.m. n.m. 

B Settling Settling tank - door (sludge on top 
of chips) Cabernet Sauvignon 60% 19% 64 55 206 

B Settling Lees tank (agitated) - sample tap Red 40% 14% 12 13 92 

B Settling Lees tank (agitated) - sample tap Red 54% 17% 73.5 65 247 

B Settling Settling tank - door Shiraz (malo lees) 49% 17% 26 22 97 

 

Table D.4: Winery wine bentonite lees sample data 

Winery Process Sampling location  Variety/detail Wet solids 
content (v/v) 

Dry solids  
content (w/w) 

Static yield 
stress (Pa) 

Dynamic yield 
stress (Pa) 

Viscosity @  
500 1/s (mPa.s) 

A Settling Settling tank - Bottom valve (pre-
rack) 

Rosé (Na/Ca 
bentonite) 28% 10% 0.9 0.55 7.2 

B Settling Sampled by winery post-racking 
(asked for thickest lees) 

Chardonnay (Na 
bentonite) 22% 3.50% 1.1 0.3 5.6 

 
Table D.5: Uncategorised winery lees sample data 

Winery Process Sampling location  Variety/detail Wet solids 
content (v/v) 

Dry solids  
content (w/w) 

Static yield 
stress (Pa) 

Dynamic yield 
stress (Pa) 

Viscosity @  
500 1/s (mPa.s) 

B Settling Lees tank (agitated) - sample tap Sweet white wine 28% 6% 1.1 1 14 

B Settling Settling tank - Bottom valve (post-
rack) Port (Na bentonite) 60% 4.4% 2.6 2.2 13 

B Centrifugation Mixed desludge tank (not 
agitated) White/Rosé ferment 80% 25% 6.3 4 83 
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Figure D.1: Particle size distribution of juice lees samples  

 
Figure D.2: Particle size distribution of white ferment lees samples 
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Figure D.3: Particle size distribution of red ferment lees samples 
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