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3. EXECUTIVE SUMMARY

Objectives and Rationale

Key to Winetech’s “Greening the Industry” initiative is a common methodology to assess
implementation of new and alternative technologies. This project developed such a
methodology, through rigorous simulation of winery processes, to reduce the environmental
impacts and production costs. 

Methods

A process simulation of white wine production at a large winery was generated using Aspen
Plus® based on published data and augmented with winery data.
From there potential technologies for the valorisation of waste were identified and integrated
into the initial winery simulation to generate a series of scenarios.

Key Results

An AspenPlus® simulation of a white wine winery was generated which reasonably
represented the process. However the predicted wine volume of 528 litre per ton of grapes
(alcohol was 13.4% ABV) was lower than reported by industry. The predicted lees mass was
approximately double what was expected, indicating discrepancies between reported winery
outputs and basic mass flow theory.

Three technologies and five scenarios were investigated and it was found that flour making
had the best economic potential with an Internal Rate of Return (IRR) of 42%. However the
environmental performance was also the worst of the investigated scenarios with an increased
water requirement of 4 600 litres and increased carbon emissions of 31 ton/year. See report.
https://drive.google.com/file/d/1__ZKjgpMR3aLPHRAkJ5IBGTiefbdElVS/view?usp=sharing

Key Conclusion of Discussion

While the process simulation requires further work there was sufficient variation in the results
of the investigated scenarios to demonstrate that this methodology does have potential.

Take Home message for Industry

The investigated methodology has a lot of potential to assess and compare a series of
bioconversion technologies. Industry support is required to get a better understanding of the
winemaking process from a mass and energy balance perspective and thus improve the initial
simulation.

4. PROBLEM IDENTIFICATION AND MOTIVATION

Problem Identification
A large number of technologies are available or under development for treatment of solid/liquid
wastes, and improving the energy/water consumption by cellars. However, a common basis for
evaluation of these against the criteria of suitability for industrial implementation, economic and
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environmental benefits, is required. The present project will develop a methodology by which
such assessment of new/alternative technologies can be completed, to improve/reduce the
environmental impacts of wine cellars and reduce production costs. 

Motivation
Winetech has identified the “greening the industry” as a strategic initiative to ensure the future
sustainability and global competitiveness of wine production in South Africa. Significant
amounts of wastes/effluents are generated by wine production at wine cellars, where both solid
and liquid effluents have significant environmental impacts. Furthermore, the use of energy and
water in wine cellars make a significant contribution to the life-cycle environmental impact and
cost of wine production. Development of a more sustainable, cost-effective industry will require
improved treatment and/or valorisation of these wastes, while reducing energy and water
consumption, which can be achieved through implementation of advanced technologies.

5. ACCUMULATED PROGRESS TABLE

Objectives Milestones (Significant event or stage in a project) Date
Achieved

O1. Define baseline of
mass and energy flows
in a typical wine cellar,
which already
implements industrial
best practice

M1.1 Mass and energy flows for a large wine cellar defined,
based on industrial best practice
M1.2. Mass and energy flows for a small/boutique wine cellar
defined, based on industrial best practice

2018-06-01

O2. Define advanced
technologies with
potential to improve
waste/residues
treatment,
environmental footprints
and production costs of
a wine cellar

M2.1 Completed screening of scientific literature for new
technologies beyond industrial best practise.
M2.2 Completed consultation with technology providers with
definition of potential technologies.
M2.3 Completed consultation with a select group of small and
large wine cellars on attractiveness of technologies.
M2.4 Defined shortlist of technologies based on literature
reviews and consultations.

2018-05-05

O3. Determine impact of
shortlisted technologies
on the cost of production
and environmental
impact of wine cellars

M3.1 Simulations of small and large wine cellars completed
M3.2 Simulations of 3 to 5 shortlisted technologies, integrated
into wine cellars, completed.
M3.3 Determination of economic impacts of simulated
advanced technologies
M3.4 Determination of environmental benefits of advanced
technologies
M3.5 Recommendation of preferred technologies and
demonstration of simulation methodology as a tool for such
assessments

2018-08-05

6. WORKPLAN (MATERIALS AND METHODS)

The proposed activities for the development of a methodology and linked to the objectives were:

W1 – Complete mass-flow and energy-flow balances for a typical wine cellar(s), based on
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implementation of industrial best practises. Quantification of typical energy/water consumption
and effluent/waste generation rates, using averages from wine cellars. Previous reports on
energy usage in wine making (e.g. Alan Brent), mass flows in cellars (e.g. Melanie Viviers) and
water usage around cellars (WRC reports) will be consulted in drawing up these models.

Originally it was envisaged that there would be a standalone activity to collect winery mass and
energy flow data. Data was collected from a small number of wineries. However, given the
complexities of winemaking it was deemed more meaningful to develop a simulation based on
fundamental principles which was subsequently compared to actual winery mass flows. It is
common practice with this type of simulation process to start with a relatively simple simulation
to assess the requirements and then develop the model by adding complexity and more reliable
data. Thus the generated simulation is a good initial representation of a winery but there are
opportunities for improvement. 
 

W2 – Identify a shortlist of technologies that can be implemented to address the environmental
impacts of energy/water use and effluent/waste generation, based on a comprehensive review
of literature and/or preferred technologies from previous Winetech research. A multi-criteria
assessment tool, combining economic viability (investment case) and environmental impacts,
will be utilised to select preferred technologies for further investigation, which will include the
potential for industrial implementation, as determined by interactions with wine cellars. A
particular focus of technology selection will be renewable energy and bioconversion of
effluents/wastes to valuable products, while also providing treated water for further use.

An approach was made to technology suppliers but the data they supplied was minimal. 
Instead a number of review papers were found that provided a very good overview of potential
technologies which was sufficient to generate a list of potential technologies. Research papers
on individual processes provided further details. These technologies were discussed with
selected industry representatives (Brenn-O-Kem and Rupert & Rothschild) which confirmed that
a literature review was sufficient to generate a list of technologies for investigation. The final
technologies for investigation were selected on the basis that they were the most promising for
implementation. 

W3 - Preferred technologies will be integrated into cellar models, to determine the potential
economic and environmental benefits through their implementation, as examples of
implementation of the proposed assessment methodology. A suite of simulation tools, referred
to AspenPlus® process simulation, will be utilised in this project. This provides a tool for
rigorous simulation of mass and energy flows, as well as sizing of equipment and utilities, with
associated economic and environmental impact determination.

During the project it became apparent that there were challenges developing the simulation in
the first place due to wide variation in design and operating procedures of wineries, as well as
the level of data collection and reporting on process mass flows. While it was initially proposed
that we needed a simulation for a large winery and a small winery, the initial focus was on the
large winery. The simulation can be modified to represent a small winery by reducing the flow
rate and assuming that there is on onsite bottling.

Generating a winery simulation based on published mass flows and fundamental principles is
challenging because some of the processes are not well understood in the terms required for a
process simulation. For example the composition of the grapes needs to be entered as a list of
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chemical species. There are some established simplifying assumptions which are used in
simulations of other agricultural processes which can be applied to wine making. Phenolics
were a particular challenge because they are a critical part of the wine quality and there are a
number of waste valorisation processes which involve the recovery of phenolics. An
unsuccessful attempt was made to include more detail however it was ultimately decided that a
similar approach to other agricultural processes should be used. Complex polymers are often
represented by their main building block, in this case phenol. Similarly there were challenges
representing the formation of potassium bitartrate and separation of solids from the liquid
streams. In addition wineries have different approaches to wine making. Investigating these
problems and identifying the most appropriate solution for this project took longer than expected
thus delaying the work.      

Ultimately it was decided that the best approach would be to focus on one simulation to test if
this approach has merit. Thus a simulation was built based on published/fundamental data and
where this information was not available, then process flow data from wineries should be used. 
An initial set of data was collected but this can be improved by adding data from a wider range
of wineries and reviewing with proposed winery categories (i.e. large winery and small winery). 
It may be more appropriate to work on the bases of a volume driven facility, a quality focused
winery and a small boutique winery.

Given that the main aim of this project was to investigate the potential for this type of
methodology, three proposed technologies were integrated into the selected winery simulation. 
The economic indicators and potential environmental impact for each process was then
calculated. This made it possible to assess 5 scenarios. However it should be recognised that
further work is required to improve the winery simulation because the reported mass flows from
wineries do not match up with the fundamental mass flow theory.

7. RESULTS AND DISCUSSIONS

Introduction
The aim of this project was to develop a consistent methodology for assessing the
implementation of new and alternative technologies in wine making to support Winetech’s
“Greening the Industry Initiative”. Thus the two key aspects of this project are to develop a
winery simulation to assess if this approach is possible (Objective 1). This was followed by
selection of suitable bioconversion technologies to add value to waste and integration with the
initial winery simulation. This was used to demonstrate the type of information that can be
generated and thus assess the suitability of this approach (Objectives 2 and 3).

Development of the initial simulation is described in the previous progress report (August
2018). Thus the next section provides a summary of the key decision points and challenges. 
This is followed by a brief description of the simulation which includes updates and
improvements since the previous report and critical to the project, an assessment of the
reliability of this simulation.  

The potential for flour making was discussed in the progress report (August 2018) and this work
has been extended to include two additional technologies and thus five scenarios are
presented. This element of the work is key to demonstrating the potential of the tested
methodology.   
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Initial Simulation Development (Objective 1)
Aspen Plus® was selected as the simulation software for this project because it has been
applied to a wide range of biomass-processing industries, including sugar cane, where it
effectively predicts process performances and the impact on implementing new technologies,
based on fundamental theory. It is commonly used to simulate biorefinery scenarios for
biomass processing and sugars conversion, using a range of agricultural feedstocks and
generate techno-economic and environmental-impact assessments (Farzad et al. 2017;
Mariano et al. 2013).

AspenPlus® does have a number of disadvantages because a licence is required to run the
software as well as some specialist knowledge. This specialist knowledge is required to know
how to enter the process and feedstock data to generate meaningful results. While there have
been a number of challenges getting Aspen Plus® to represent a winery simulation, it is still
deemed to be the most suitable approach to the simulation of mass and energy balances,
because in the longer term it will be more flexible and provide more reliable results. Critical here
is the concept that Aspen will focus on major mass flows in a winery processes, while it will not
be able to predict aspects like wine quality, which is based on a multitude of low-concentration
chemicals; too low to be considered in Aspen’s simulations (or any other simulation approach,
for that matter).

Once work started it became apparent that developing an AspenPlus® simulation using only the
data collected from wineries would be challenging, due to large variations in design and
operational procedures. Therefore the initial simulation should be based on published data and
fundamental principles. The key input data required by AspenPlus® is a chemical composition
of grapes and details of each process. The software uses this information to calculate mass
and energy flows. However given the nature of wine making there are mass flows which cannot
be readily calculated from fundamental principles.  

Processes which cannot be modelled from fundamental principles include destemming and
pressing because these are based on the physical structure of the grapes rather than standard
physical or chemical processes. In theory it should be possible to model processes such as
settling and clarification however extensive data on particle size, chemical composition and
surface interactions are required, which are not available. Equipment cleaning tends to be more
dependent on winery design, processes and procedures. Nonetheless there are options to
represent these processes in Aspen Plus®, using winery-measured data. 

Numerous processes can be represented based on fundamental principles including
fermentation, heating and cooling. The approach taken with this project was to build the
simulation in Aspen Plus® and then use winery data when necessary. These are the types of
processes that require more extensive calculations and data which are readily available as part
of Aspen Plus®.

One of the main challenges for developing a reliable simulation was entering suitable data for
the grape composition because this forms the basis for all the calculations and errors could be
contributing to issues identified with the simulation. When using Aspen Plus® the grape
composition needs to be entered as a list of chemicals. Ideally this should be as a single data
set for the relevant grape type but it was necessary to combine data from a variety of sources. 
Further as is the nature of simulations it was necessary to represent some complex chemical
groups in a more simple way such as using phenol to represent all phenolics. While the
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simulations could be improved with better data measurements it should be considered if the
costs justify improvements. The chemical composition of grapes is initially calculated using an
excel spreadsheet. It is possible to link excel and Aspen Plus making it easier to investigate
impacts on the variation of grape compositions. 

Description and Evaluation of the Simulation (Objectives 1 & 3)
Given the challenges associated with this project, work focused on the development of a
simulation for white wine at a large winery. It has been assumed that the harvest season runs
for 3 months, February – April. Aspen Plus® simulations are developed on the basis that the
process is continuous with subsequent calculations to account for batch processing when
required. This means the process simulation is based on average flows, assumed to proceed in
“steady-state” for 24h/day and the operating time per harvest season is 2160 hours. The block
flow diagram for the white wine process is shown in Figure 1. 

The fermentation process can be represented accurately by the AspenPlus® process
simulation. The most important chemical reactions and conversions are widely reported. The
yeast growth was derived from previous simulations for the production of bioethanol (Farzad et
al. 2017). There is some uncertainty regarding the side reactions and reactions were included
for the formation of acetic acid, succinic acid and lactic acid. The side reactions are small
compared to ethanol formation, however, it may be possible to find better data on the side
reactions and conversions which would improve the simulation.     

Figure 1: Block flow diagram of the white wine making simulation
.
A few updates and improvements have been made to the simulation since the progress report
(August 2018). The most significant change was an improvement to the property parameter
predicting carbon dioxide solubility in wine, reducing the predicted value from 67 000 mg/L to 2
350 mg/L. However this means that the final wine has a slightly smaller volume and there are
other minor changes to the values. While they are not expected to match exactly the values
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achieved by a typical winery they provide an indication of the reliability of the simulation and can
be used to identify opportunities for improving the simulation. A summary of key values
predicted by the updated simulation are given in Table 1.  

Table 1:  Selected values predicted by the simulation

Description Units Value

Volume of wine produced L wine / ton grapes 528

Liquid loss % 12.7%

Alcohol content ABV 13.4%

Concentration of CO2 mg/L 2 350

Mass of lees kg / ton grapes 60

Lees composition mass %

Ethanol 9.11%

Tartric acid 5.74%

Total solid 11.5%

As noted in the progress report the biggest concern is volume of wine predicted by the
simulation compared to the volume achieved by a typical winery of 730 L wine / ton grapes. 
Based on the selected grape composition and the fundamental principles used to generate the
process simulation this volume is not possible. Indicating a discrepancy in the literature data
compared to data from wineries which requires further investigation.  

In addition it was found that the total mass of lees is double that expected from red wine
production. While it would be more meaningful to understand the volume expected for white
wine production this data indicated that the amount of waste produced is high. This indicates
that too much grape mass is being diverted to the waste streams. Two aspects to investigate
are errors in the grape composition such that too much grape mass is identified as waste during
processing alternatively the separation processes need further investigation to determine if they
are being accurately represented and the efficiencies are suitable

Nonetheless it was also noted that the alcohol content predicted by Aspen Plus® (13.4%) is
typical of that expected for white wine, indicating that fundamental models for sugars conversion
to ethanol can provide a reliable prediction of winery performance. In addition while the waste
volume may be high the composition of the lees is typical of the values expected by
Brenn-O-Kem which are 7.5% alcohol, 10.5% total solids and 3% tartrates. 

Overall this data indicates that the simulation provides a good starting point for a winery
simulation however improvements are required. A better chemical composition of grapes is
required, ideally from one source relevant to South African grape varieties. It would also be
beneficial to revisit the solid liquid separation processes to review the current mass flow splits as
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obtained from wineries.  

Results of the Economic and Environmental Assessment (Objectives 2 and 3)
A short list of technologies was created primarily on the basis that there is sufficient data to
generate a simulation and implementation was deemed feasible, and these are given in Table
2. Technologies such as a tartaric acid recovery and ethanol production were discarded on the
basis that these are done by Brenn-O-Kem.  

Table 2:  Technologies shortlisted for further investigation

Proposed process Waste stream Product(s) Data sources

Flour making Pomace Speciality flour for
food

Sousa et al. 2014

Combustion with the
flue gas used for
cooling

Pomace and stems Cooling for the winery Muhlack, Potumarthi,
and Jeffery 2017, Cho,
Smith, and Mago 2014

Anaerobic Digestion
with the biogas used
for cooling

Waste water or
wastewater and lees

Cooling for the
winery

Da Ros et al. 2016, Da
Ros et al. 2017, Da Ros
et al. 2017 and Laing
2016

For all of these technologies it was assumed that the process would only operate during the
harvest season during which time they would be able to operate 24 h/day with an operating time
of 2160 hours/year. It was assumed that the stems had no value, while the pomace would be
composted and has a value equivalent to buying compost. Estimates of staff time to run the
facilities has been included in the calculations. It was assumed that all projects would have a
life of 20 years. 

It should also be noted that there are some simplifying assumptions which may not be
considered realistic on first read of this report. At this point the primary aim is to demonstrate
the type of data that can be generated from this methodology and provide some pointers on
technology that merits further investigation. As with any substantial investment the starting
point is a high-level study to identify promising options for a more detailed investigation.  

Grape Pomace Flour - Scenario 1
Grape seed flour is considered to have numerous nutritional benefits due to the content of
anti-oxidants and is used in a range of food applications (Beres et al. 2016; Sousa et al. 2014). 
Typically flour is produced from the seed cake after pressing to make grape seed oil and there
are a number of retailers selling this type of flour. However nutritional analyses indicate that
grape pomace flour is a good option (Sousa et al. 2014) and this may be a more realistic
approach for individual wineries. It was assumed that the flour would be sold as white grape
seed flour although it could be sold on the basis of specific grape varieties

A block flow diagram of the flour making process is shown in Figure 2. The process consists of a
continuous vacuum belt dryer with integrated grinder and a packaging machine with flour
packaged in 250g bags. It was assumed that no additional buildings or storage would be
required and that existing systems could be used to transport the pomace to the drier. It is
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necessary to dry the seeds as soon as possible as storage and moisture will lead to product
degradation (personal communication, winemakers). It was assumed that the drier would be
cleaned every 4 days using one drier volume of water. It is likely that this would increase if the
flour were produced on the basis of individual grape varieties. It was assumed that a 20%
reduction in mass would occur during processing. 

Figure 2: Block flow diagram of the flour making process

Combustion to power a chiller - Scenario 2
A cooling process is simulated in Scenarios 2 and 3 so the general description and assumptions
apply to both scenarios with the key variation being the refrigeration capacity for each scenario. 
It was assumed that a lithium bromide/water absorption chiller would replace existing electrical
driven chiller capacity. A lithium bromide/water chiller was selected on the basis that the typical
operating temperature is 5-10 °C (Wu and Wang, 2006).  

It was assumed that the operating costs and utility requirements would be the same for both
chillers and thus the main difference is bioderived heat replacing coal based electricity as the
power source. The product is chilled water with a price equivalent to the avoided electricity cost
based on 2018 prices. The costs do not take into account the impact associated with
loadshedding. It was assumed that the electrical driven chiller replaced would be efficient with a
coefficient of performance (COP) of 3 (Brent et.al. 2014). Of course it is unlikely that wineries
will be willing to replace new and highly efficient chillers.

Hot water was selected as the means to transfer heat from the combustion unit to the
refrigeration cycle based on the capacity of a large winery. However smaller wineries may find
that a direct heat option is more suitable while wineries with the option for a much larger
capacity system may find that steam is more efficient.   

It was further assumed that the selected chiller would utilise the double effect refrigeration cycle
(Somers et.al 2011). A double effect refrigeration cycle means there are two loops allowing for
more efficient use of the heat by means of a high pressure cycle which transfers energy to a
medium pressure cycle. This process typically has a COP greater than 1.2. The Aspen Plus®
flowsheet for this process is shown in Figure 3. In reality this is closed cycle although Figure 3
suggests a break which was needed to allow the software to do the required calculations  
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Figure 3: Aspen Plus® flowsheet of the refrigeration cycle (Intermediate pressure desorption
(INTDES) and High pressure desorption (HDES).

Scenario 2 was used to assess the potential of burning stems and pomace to provide heat for
the chiller. Heat from the flue gas was used to dry the stems and pomace to a point where it
was assumed they would burn effectively. The rest of the energy would be used to heat water
which was subsequently used to power the refrigeration cycle shown in Figure 3 and provide
chilled water for cooling requirements. The block flow diagram of this process is shown in
Figure 4.  This combustion process leads to the formation of ash which will require disposal.
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Figure 4:  Block flow diagram of the combustion process to power a chiller.

Anaerobic digestion (AD) to power a chiller - Scenario 3
An alternative source of heat energy for a chiller is biogas from anaerobic digestion (AD). 
Aerobic digestion is currently used on many wineries to treat water, in the form of ponds, leading
to the formation of sludge. In contrast, anaerobic digestion occurs when microorganisms digest
biological material without air and this leads to the formation of biogas. Biogas is composed of
carbon dioxide and methane where the methane can be combusted to provide heat.

It was assumed that the microorganisms would be able to digest winery wastewater and wine
lees without further treatment. The water from the AD would then be sent to existing aerobic
digestion facilities and while it is expected that this will reduce the amount of sludge produced
no allowances were made for reduced costs. 

It was assumed that the anaerobic digester could be operated at mesophilic conditions (35 °C)
and would thus not require heating during the harvest season. It was also assumed that the
system can be operated for 3 months/year so that the economic calculations are on the same
basis as the other processes. However this type of process should be operated continuously
and some wastewater will be generated during the post-harvest season.  

In this process the biogas formed during AD would be combusted to provide energy to power a
chiller as discussed in the previous section. The block flow diagram for Scenario 3 is shown in
Figure 5. Cleaning regimes are hugely variable between wineries and the calculations were
formed on the basis that sufficient water would be added to ensure that the wastewater reached
a target chemical oxygen demand (COD) (Adél Conradie, 2015). However given the large
variation in cleaning regimes a few sub-scenarios were investigated. This approach also
demonstrates that once a simulation is built it is relatively easy to change a few parameters and
redo the calculations.  It was assumed the lees would be available at no charge.

The investigated Sub-scenarios are:
Scenario 3A: Anaerobic Digestion (AD) of wastewater (COD = 5.1 kg/l), 
Scenario 3B: AD of wastewater (COD = 5.1 kg/l) and lees 
Scenario 3C: AD of wastewater (COD = 10 kg/l) and lees
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Figure 5:  Block flow diagram of Anaerobic digestion for cooling

Comparison of Scenarios
A comparison of the scenarios is shown in Table 3. Based on the current assumptions and
simulation it can be seen that the only profitable option is Scenario 1 which involves making
flour from grape pomace, however this scenario also has the most detrimental impacts on the
environment. This scenario may be optimistic because it assumes that a large amount of
specialist flour can be sold directly to the public. 

Current data indicates that Scenarios 2 and 3 have a very poor economic performance. This
can be attributed to the fact that the final chilled water product has a relatively low value when
compared to the amount of investment required for these processes. The cost of chilled water
was calculated on the basis of an avoided cost of electricity.

Considering the equipment costs the economics for all scenarios would be improved if the
processes are operated for a greater part of the year leading to better equipment utilisation. For
Scenarios 2 and 3 this may be possible with greater feedstock flexibility. Further electricity
prices are lower during the harvest season and thus being able to reduce electricity costs in the
post-harvest season would bring greater economic benefits. It may also be appropriate to factor
in the ongoing challenges at Eskom.  

When comparing Scenario 2 and 3 it can be seen that while there is a higher net present value
(NPV) (-24 million ZAR) although gross profit is negative (-1 300 000 ZAR). This is because the
equipment cost is lower, given AD is not required, but there is a cost associated with the
pomace feedstock.  Scenario 2 also delivered the highest cooling capacity.

Scenario 3 may remain primarily as a means to treat wastewater with the refrigeration process
simply providing a means to recover part of the costs and reduce dependence on Eskom. 
Avoided costs related to water treatment or disposal have not been taken into account and this
may lead to substantial improvements in the economic performance of these scenarios.  

It should also be noted that the assessment of the initial winery simulation indicates that the flow
rates of some waste streams may be high. Thus if this is revised this could affect the economic
assessment.
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Table 3:  Comparison of scenarios

Description Scenario 1 Scenario 2 Scenario 3A Scenario 3B Scenario 3C

IRR* (%) 42 - - - -

Gross Profit
(ZAR)

30 000 000 -1 300 000 -38 000 8 300 23 000 

NPV** (ZAR
million)

140 -24 -38 -40 -41

Flour
(ton/year)

553

Cooling
(kWh/year)

1 020 000 73 100 283 000 352 000

Additional
Water
required
(kL/year)

4593

Additional
biogenic CO2

(ton/year)

46 591 33 120 153

Additional
fossil CO2

(ton/year)

31 -97 -6.6 -25 -32

* Internal rate of return
** Net present value

It can be seen that while flour making is the only process that is economically viable, it has the
worst environmental performance due to additional cleaning and electricity requirements. It is
expected that the additional electricity will be sourced from Eskom and thus be classified as
fossil CO2. In contrast, biogenic carbon refers to emissions of carbon dioxide which are a
consequence of burning biomass and is thus considered less detrimental to the environment.

8. CONCLUSIONS AND RECOMMENDATIONS

Conclusions
An initial winery simulation has been generated using Aspen Plus® based on fundamental
principles and literature data. Comparison with South African winery data showed that final
wine volume was low while the mass of lees was high. This indicates that further improvements
are needed to ensure a suitable chemical composition of grapes is used and that a greater
understanding of the separation process is required.  

It was also found that the predicted amount of alcohol in wine provided a reasonable match to
the amount expected in white wine indicating that fundamental data on the fermentation process

This document is confidential and any unauthorised disclosure is prohibited. Version 2020



for conversion of sugars is a reliable part of the simulation. It was also found that the
composition of the lees was a reasonable match to that expected by industry.

This data indicates that while it is possible to generate simulations of wineries a greater
understanding of the process from a mass and energy balance perspective is required. It is
unlikely to be possible to use these simulations to predict wine quality on the basis of trace
components such as phenolics.

While it was necessary to make numerous simplifying assumptions and there was some
uncertainty in the data from the simulation there was sufficient in the results of the investigated
scenarios to be able to contrast and compare five scenarios.  

Of the investigated scenarios it was found that only flour making (Scenario 1) was economically
viable although it has the poorest environmental performance. It was found that the economic
performance of the investigated chilled water scenarios (Scenarios 2 and 3) was poor however
the key assumptions have been listed and it was noted that making key changes to the
scenarios such as running for more of the year it may be possible to identify profitable
scenarios.

This work has shown that the proposed methodology using Aspen Plus® to generate winery
simulations to use as a basis to investigate variations has merit. It is important to note that
there are limitations in that this approach cannot be used to predict wine quality based on trace
components. However while improvements are needed this approach can be used to assess
and compare technologies in support of WineTech’s “Greening the Industry initiative”. 

Recommendations 
The following steps are recommended to develop this work. These steps apply particularly to
the research aspects

● Review the winery classifications and consider changing large and small winery to volume
driven, quality driven and boutique

● Investigate options for getting a better chemical composition of South African grapes. In
particular there may be a few local laboratories that can generate some of the required
data for suitable sets of local grape varieties.

● A researcher, ideally a Chemical Engineer, needs to spend more time and wineries
understanding the various separation processes and reviewing these steps in the current
simulation.

● Review the assumptions associated with the chiller scenarios. It is possible that the
investigated options are particularly pessimistic and better consideration needs to be
given to how these processes would actually be operated.

● Extend the winery simulation to include production of red wine

9. PLANNED OUTPUTS

a) TECHNOLOGY DEVELOPMENT, PRODUCTS AND PATENTS
A simulations methodology to assess technologies for the “Greening the Industry” initiative has
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been developed although improvements are recommended.

b) SUGGESTIONS FOR TECHNOLOGY TRANSFER

Aspen Plus® is specialised software and it needs a licence and some specialised knowledge to
run the software. While it is possible for individual wineries to run this software it is likely to be
more beneficial to have specialised help to modify this simulation and interpret the data. Some
engineering knowledge is required to understand the software and input suitable data. This
means it could be problematic for individual wineries to use the simulation directly. Nonetheless
it should be possible to set up a system whereby simulations can be generated for the wine
industry.
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10. PROJECT OUTCOME AND IMPACT

New Knowledge Benefits Supply
Chain

Direct Grower
Application

Direct
Packhouse/Winery/
Cellar Application

Other

X X X
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The Value of the project to industry
The assessment of the potential for flour making has shown that it is possible to use this
methodology to investigate waste valorisation technologies. It has shown that a good return on
investment may be possible with flour making although there are some detrimental
environmental impacts. This may give wineries the confidence to investigate and invest in this
process. Additional case studies can be generated by modifying the simulation with alternative
technologies for waste valorisation. This will make it possible to compare a range of process
options based on potential economic returns and environmental impacts. This will provide
additional context to compare a range of technologies on the same basis.

Aspen Plus® is specialised software and it needs a licence and some specialised knowledge to
run the software. While it is possible for individual wineries to run this software it is likely to be
more beneficial to have specialised help to modify this simulation and interpret the data. Some
engineering knowledge is required to understand the software and input suitable data. This
means it could be problematic for individual wineries to use the simulation directly. Nonetheless
it should be possible to set up a system whereby simulations can be generated for the wine
industry. 
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