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1 INTRODUCTION 
 

This guideline serves to provide insight into the various possibilities of improving energy efficiency in 
the wine sector, specifically in cellars, and was made possible through the funding of the 
Department for International Development (UK AID). As a result of this funding the NBI implemented 
a Private Sector Energy Efficiency (PSEE) programme, which aimed to improve energy efficiency in 
commercial and industrial companies in South Africa through the provision of various services to 
assist companies in identifying and implementing energy saving measures.  

The large wine cellars fall within the programmes medium sized companies (classified as having an 
annual energy spend above R750 000 and below R45million) and received fully-funded 4 day energy 
site surveys with accredited professional energy efficiency consultants (whose efforts have provided 
the knowledge basis for this guideline and their work is greatly appreciated). 

Through the facilitation of VINPRO/WINETECH 35 cellars were assessed during the 2015 harvest in 

terms of the following: 

 Review existing energy policy, strategy and operational plans. 

 Provide expert data analysis and commentary. 

 Conduct a site visit and assessment. 

 Model cost and environmental impact of the existing systems. 

 Outline cost-benefit analysis for energy efficiency recommendations. 
 
This guideline serves to summarise the outcomes of these site surveys and put forward ways for 
wine cellars to save money through energy efficiency interventions. The objectives of the guideline 
are to define: 
 

 The background to the wine sector in South Africa (including the typical process flow diagram for 
a cellar operation). 

 Outline the performance benchmarks of the sector (including a theoretical energy consumption 
calculation for a cellar operation). 

 Outline opportunities for saving energy as well as some case studies of implemented projects. 
 

2 BACKGROUND TO THE SOUTH AFRICAN WINE SECTOR 

2.1 CONTRIBUTION TO GDP AND EMPLOYMENT 
 

The South African wine industry is not only increasing its contribution to the national Gross Domestic 

Product (GDP) but is also growing job opportunities. This is despite the impact of a subdued 

global economy and a marginal decrease in the size of the national vineyard. 

The industry is one of South Africa’s leading agri-exporters, and accounted for 1.2% of the national 

GDP in 2013. In that year it contributed R36.1billion to the economy (including wine tourism), via 

agriculture, manufacturing, trade and hospitality, while generating direct and indirect 

employment for 290 000 people. Almost R20bn or 53% of the total 2013 contribution of R36.1billion 

to GDP originated in the Western Cape, representing 4.6% of the provincial GDP (Conningarth, 

2015). 
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Income earned from grape production was 38% higher in 2013 than in 2008, while wine production 

costs increased by 52%. In contrast per litre costs for packaged wines rose by 146% between 2008 

and 2013, while costs associated with bulk wines rose by 46% per litre over the same period 

(Conningarth, 2015). 

The following table outlines the various wine grape producing areas and their respective vineyard 

areas, grape tonnages delivered and resultant yields in tons/ha. 

Table 1: Vineyard area and tonnage for different wine regions (Conningarth, 2015)  

Wine Region Vineyard Area in Hectares Grape Tonnage Yield (tons/ha) 

2008 2013 2008 2013 2008 2013 

Breedekloof 12 361 12 878 223 366 254 791 18.1 19.8 

Little Karoo 2 956 2 637 40 980 46 718 13.9 17.7 

Malmesbury 14 567 13 509 131 049 127 178 9.0 9.4 

Orange River 5 029 4 652 171 664 146 840 34.1 31.6 

Olifants River 9 996 10 116 220 703 248 885 22.1 24.6 

Paarl 16 891 16 106 156 015 147 980 9.2 9.2 

Robertson 13 898 14 676 204 619 237 335 14.7 16.2 

Stellenbosch 17 137 16 294 121 346 125 049 7.1 7.7 

Worcester 8 490 8 814 155 871 163 925 18.4 18.6 

Total 101 325 99 680 1 425 612 1 498 701 14.1 15.0 

 

The grape yields for the different wine grape producing areas highlight the difference between 

producing bulk wine versus high-end wines with yields varying from the Stellenbosch value of 

7.7 tons of grapes/ha versus 31.6 tons/ha for Orange River region (figures for 2013). 

The wine sector employment figures are presented in the table below. 

Table 2: Wine sector related employment (Conningarth, 2015) 

Year 2 008 2 013 Growth 

Skilled Employment 36 551 43 644 19% 

Semi-Skilled Employment 78 310 84 769 8% 

Unskilled Employment 160 745 160 738 0% 

Total 275 606 289 151 5% 

 

From Table 2 above it is evident that skilled and semi-skilled employment increased by 19% and 

8% respectively from 2008 to 2013, while employment was virtually unchanged. The portion of 

this total employment within the Western Cape amounts to 57.9% (167 494 people). 

2.2 SUPPLY CHAIN 
 

About 53% of the total impacts of the wine industry, taking into account all backward linkages, 

fall within the Western Cape and 47% fall within the rest of South Africa as shown in the table 

below (Conningarth, 2015). 
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Table 3: Total GDP Impact of Wine Producing and Selling Chain (Conningarth, 2015) 

ECONOMIC 
SECTOR 

GDP 
Contribution 

WESTERN 
CAPE 

REST OF SA Electricity Costs as % of Total 
Operating Cost1 

Primary Agriculture  R4.77 billion 66% 34% 1.5%2 

Cellars  R2.08 billion 53% 47% 2.3% 

Manufacturing  R8.22 billion 72% 28% 4% (glass/packaging); 
17% (metals manufacture) 

Wholesale and Retail 
Trade  

R14.7 billion 39% 61% 1-4% 

Tourism  R6.35 billion 54% 46% 22% 

Total R36.1 billion 53% 47%  

 

It is evident that the wine supply chain covers various sectors in the economy and exhibits value-add 

all through the process. The focus of this guideline is on the cellar component of the supply chain. 

2.3 PROCESS FLOW DIAGRAM 
 

A typical process flow diagram for a cellar (winery) is shown in the figure below noting that this can 

have several variations and red grape processing is typically via the red wine mash fermentation 

route rather than through red wine mash heating. Note than most cellars process a combination of 

white and red grapes and the average split is 37.9% Red and 62.1% white – this is the national 

average and each cellar will have its own specific split (Conningarth, 2015). 

 

 

 

 

 

                                                           
1 The Economic Impact of Electricity Price Increases on Various Sectors of the South African Economy - A consolidated view 

based on the findings of existing research; Deloitte; January 2013 

 
2
 From energy efficiency site surveys for vineyards the typical electrical energy intensity is 70-130kWh/ton of 

grapes produced with the majority of the energy going into pumps (PSEE, 2015). 
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Figure 1: Process Flow Diagram of Winemaking Process 
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3 PERFORMANCE BENCHMARKS OF THE SECTOR 

3.1 PERFORMANCE INDICATORS 
 

In order to get the process load for a cellar, it is necessary to plot the annual production throughput 

versus electricity usage for an entire year for various cellars. The best fit line for this graph is called 

the Performance Characteristic Line (PCL). The formula for a straight line is: 

Y = MX + C, and hence the PCL is: 

Energy Consumption (kWh) = “Process Load” X Production Throughput + “Base Load”. 

The below figure is a performance characteristic curve for small/medium cellars. 

 

Figure 2: Small/Medium Cellar (200-2000 tons/year) Energy Performance Regression 

The regression value for this plot shows a base load of 38 794kWh and process load of 259.2kWh per 

ton of grapes processed for small/medium cellars (Data from PSEE Reports, 2015). 

The profile of energy usage in a cellar is very seasonal with the peaks occurring in February to April 

(during the grape harvest period). Given this seasonality it is better to make use of annual figures 

than to try and use monthly electricity consumption figures. The following graph shows this seasonal 

profile for two large cellars processing the same amount of grapes per year respectively. 
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Figure 3: Comparison of Two Large Cellar Monthly Electricity Usage (PSEE, 2015) 

From Figure 3 it is evident that there is a major difference in the monthly energy consumption 

between the two cellars despite the fact that they process the same throughput per year. Cellar 2 

not only operates more efficiently during the harvest peak months but limits electricity usage 

outside of the peak months February to April to roughly 25% of the total annual electricity usage. 

This effectively means lower energy usage outside of production period and resultant reduced base 

load. 

The following graph highlights the regression analysis for cellars with different electricity usage 

profiles ranging from least energy intensive at 25% electricity usage outside of harvest period 

(February to April) to 40% electricity usage outside of harvest and to the most energy intensive 

cellars with 60% electricity usage outside of harvest (PSEE, 2015). 
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Figure 4: Large Cellar (4000-40000 tons/year) Energy Performance Curves (PSEE, 2015) 

It is evident from Figure 6 above that the following energy performance regression equations are 

exhibited for cellars with different energy intensities and are as follows: 

 Least energy intensive (25% energy use outside of harvest): The regression value for this plot 
shows a base load of 97 294kWh and process load of 51.5kWh per ton of grapes processed. 

 Medium energy intensity (40% energy use outside of harvest): The regression value for this plot 
shows a base load of 399 153kWh and process load of 61.4kWh per ton of grapes processed. 

 Highest energy intensity (60% energy use outside of harvest): The regression value for this plot 
shows a base load of 552 763kWh and process load of 78.0kWh per ton of grapes processed. 

3.2 CONTRIBUTION OF ENERGY CONSUMING PROCESSES 
 

The main energy consuming processes for wine cellars were previously identified in Figure 1 as 

refrigeration, pumps, compressed air, other (i.e. process equipment/office equipment), lighting and 

mash heating (red grapes). Mash heating of red grapes is not generally present and was only 

observed at a few of the cellars. The observed additional energy intensity to be added to electrical 

energy intensity for such processes is 60-120kWh/ton of mash heating red grape input and is 

typically provided with the required energy through liquid fuel boilers providing steam (PSEE, 2015). 

The breakdown of electrical energy for small/medium and large cellars (average figure for sample 

size of 5 cellars) is presented below and was determined both through undertaking plant equipment 

list power rating and annual hours of usage surveys to ascertain the split as well as through installing 

short term metering to determine actual power drawn by specific pieces of equipment. 
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Figure 5: Small/Medium Cellar (200-2000 tons/year) Energy Breakdown (PSEE, 2015) 

Refrigeration represents the biggest component of electrical usage for small/medium cellars at 35% 

and lighting, other and pumps consume similar amounts of electricty per year at 18%, 19% and 21% 

respective contribution. 

The energy breakdown for large cellars (16 cellar sample size average) is shown below. 

 

Figure 6: Large Cellar (4 000-40 000 tons/year) Energy Breakdown (PSEE, 2015) 
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4 OPPORTUNITIES AND CASE STUDIES 

4.1 Tariff Optimisation 
 

There are various different types of tariffs and each has a number of billing components. The general 

types of tariffs applicable encompass demand tariffs, Time of Use tariffs and fixed rate tariffs. All 

tariffs at an Eskom level for businesses generally charge for notified maximum demand (NMD), 

which is essentially an availability charge for a certain kVA capacity, as well as a component for 

actual maximum demand (generally measured as the maximum half-hourly value in an entire billing 

month – fixed rate tariffs are not charged this component). 

To optimise tariffs it is important to ensure that the actual demand usage is not far from the NMD as 

this means high transaction costs for availability which is not utilised. Maximum demand also needs 

to be controlled through smoothing peaks with gradual start-up procedures over several half-hour 

periods. 

Time-of use tariffs follow a high season/winter (June/July/August) and low season/summer 

(September to May) costing for kWh energy consumed in different periods of the day, namely in 

peak, standard and off-peak . The weekday periods for these three categories is shown below as 

defined for high season and low season (note that the peak tariff charge increases by more than 

300% in the high season period as compared to the R/kWh charge for the low season). 

 

Figure 7: Time of Use tariff peak, standard and off-peak times  

Case Study: 

A large cellar was operating on the Eskom Nightsave tariff and conversion to the Eskom Ruraflex 

tariff resulted in a saving of R400 000 per year. 

4.2 Refrigeration 
 

GOOD PRACTICES: 

 Consider low-power instant-on lighting which switches off if the store is unoccupied. 
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 Introduce a defrost-on-demand rather than timer based system which keeps the evaporators in 
top condition, and makes use of hot-gas defrost instead of resistance heating. 

 Run the store at the highest possible temperature for the product. 

 Generously sized condenser and evaporator coils.  

 Use of low energy Electronically Commutated (EC) fans. 

 Heat recovery for small desuperheater used for hot water for hand-washing. 

 Heat recovery from the hot refrigerant exiting compressor before it enters the condenser for 
large full-scale system preheating boiler feed water. 

 Regular leak tests and checks to catch leaks early. 

 Any change in the system pressure is promptly investigated. 

 All leaks rechecked around a month after the repair to ensure it is leak-tight. 

 Site has a comprehensive leak detection system with sensors at critical locations. 

 Make full use of good quality low-temperature insulation throughout the installation.   
 

Table 4: Cellar refrigeration electrical energy balance 

Component # Units Assumption 

Harvest    10 000 000  kg/season   

White portion - Mash      6 600 000  kg/season 66% of harvest 

White portion - Fermenting juice      5 082 000  kg/season 77% yield 

Red portion - Fermenting juice      2 618 000  kg/season 77% yield 

Mash cooling from 27 to 15°C         123 333  kWh/season 
3.7kJ/kg/K3; Note: 
1kWh=3 600kJ 

Fermentation heat from 21Brix reduction         280 280  kWh/season 

4.5kJ/kg juice; Heat of 
Reaction 546kJ/kg 
sugar4; 0.24 kg sugar 
/l @21 Brix5 

Cold Stabilisation 26 to -2°C (red)           11 301  kWh/season 15% of red 

Cold Stabilisation 16 to -2°C (white)           14 103  kWh/season 15% of white 

Total process cooling requirement         429 017  kWh/season   

COOLING ENERGY DELIVERED         620 865  kWh/season 

COP =3; kWh of 
chillers x COP; 
Conservative COP 
assumed as average 

Cold Stabilisation tank standing losses             8 0956  kWh/season 

3Eplus calculation of 
157.7 W heat gain per 
square meter and 550 
meters squared tank 
surface area 

Energy lost or heat ingress (excl. 
stabilisation) 

        183 753  kWh/season 

Cooling energy 
delivered – Total  
process cooling 
requirement 

 

                                                           
3
 2006 ASHRAE Handbook—Refrigeration 

4
 www.sinerji-as.com/files/80929258-86eb-4db8-a4ed-60bc512fef01.pdf; accessed 31/08/2015  

5
 http://www.brsquared.org/wine/CalcInfo/HydSugAl.htm; accessed 31/08/2015  

6
 For 2 week cold stabilisation process 

http://www.sinerji-as.com/files/80929258-86eb-4db8-a4ed-60bc512fef01.pdf
http://www.brsquared.org/wine/CalcInfo/HydSugAl.htm


13 | P a g e  
 

Case Studies (PSEE, 2015): 

 
 
 
 
 
 
 
 
 
 
 

Sequence Refrigeration Compressors  

•The refrigeration systems in large wineries typically consist of multiple 
compressors of various types, cooling capacities and control systems. The 
performance of these compressors is different under the same operating 
point. Therefore, optimizing the sequence control of multiple compressors can 
result in significant electrical energy savings.  

•Implementing this measure could result in about 9% electrical energy savings 
of the associated refrigeration system energy consumption, with a simple 
payback of about 2 years.  

High Efficiency Refrigeration Compressors and Chillers  

•The compressor performance can be evaluated at kW/ton, where kW is the 
compressor power consumption for providing a certain tonnage of cooling 
load. Under the same suction and discharge operating conditions, and 
providing the same amount of cooling load, the lower kW/ton indicates a more 
efficient compressor.  

•Implementing this measure could result in 5% to 40% electrical energy savings 
of the associated refrigeration system energy consumption, with a simple 
payback of 1-5 years, and up to 8 years for new construction projects.  

Floating Head Pressure Control on Refrigeration Compressors  

•If the head pressure were to adjust itself based on the systems’ heat rejection 
rate and the ambient wet-bulb temperature, the system would be operating 
with a “floating” head pressure. Allowing the head pressure to “float” would 
permit the refrigeration system to operate much more efficiently. As a rule-of-
thumb, 1°C reduction in saturated condensing temperature will result in about 
2.5% efficiency improvement of the compressor.  

•Implementing this measure could result in 15% to 20% electrical energy 
savings in associated refrigeration system, with a simple payback of 1-6 years.  

Raise Glycol Temperature & Refrigeration System Suction Pressure 
Set Points When Not Cold Stabilising 

•Central refrigeration systems provide cooling for various applications, 
including cooling for fermentation, cold stabilization, barrel room, tank cellars 
and process cooling load. Cold stabilization chills the white wine to about -2°C, 
while other applications are generally maintained at 10°C and above. Cold 
stabilization is only required for short periods during the year. Refrigeration 
systems are more efficient at a higher suction pressure set point.  

•Implementing measure could result in 20% to 25% electrical energy savings in 
associated glycol refrigeration system, with a simple payback of 0-2 years. 
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Replace the Air-Cooled Condensers with Water-Cooled Evaporative 
Condensers for Refrigeration Systems  

•The performance of air-cooled condensers is dependent on ambient dry-bulb 
temperature, while the performance of evaporative condensers (similar to a 
cooling tower) is dependent on ambient wet-bulb temperature. The ambient 
wet-bulb temperature is always less than or equal to the ambient dry-bulb 
temperature. Evaporative condensers operate at a lower discharge pressure, 
which will reduce the energy consumed by the compressors.  

•Implementing this measure could result in 30 to 40% electrical energy savings 
in the associated refrigeration system, with a simple payback of 3-5 years.  

VFD Controlled Refrigeration Screw Compressor as the Trim Unit  

•Based on performance characteristics of screw compressors, a variable 
frequency drive (VFD) controlled screw compressor is more efficient at part-
load compared to modulation valve controlled fixed speed screw compressor 
of the same size. Also, screw compressors are most energy efficient at full load. 
Therefore, for refrigeration systems that consist of multiple compressors, it is 
more efficient to install a variable frequency drive compressor as a trim unit.  

•Implementing this measure could result in about 3% electrical energy savings 
of the associated equipment energy consumption, with a simple payback of 
about 1 year.  

VFD Control on Condenser Fans, Glycol Circulation Pumps and Air 
Handler Fans  

•Since the cooling load required by the winery is determined based on seasonal 
grape process, different wine temperature requirement and the amount of 
wine being processed, optimum control of refrigeration system components 
based on the actual cooling load will result in significant electrical energy 
savings. Variable frequency drives (VFD) can be installed on condenser fans, 
glycol circulation pumps and air handler fans for optimal control.   

•Implementing this measure could result in 20 to 40% electrical energy savings 
in associated refrigeration system, with a simple payback of 1-6 years. 

Insulate Wine Tanks  

•Wine tanks are used for wine fermentation, storage and stabilization. 
Generally for red wine the must is fermented between 24 and 27°C for seven 
to ten days. For white wine the fermentation takes seven to twenty-eight days 
usually between 9 and 16°C. For outdoor wine tanks, the surfaces of the tanks 
are exposed to the ambient. Insulating the outdoor wine tanks will reduce 
their heat gain, which in turn will reduce the energy consumption of the 
refrigeration systems.  

•Implementing this measure could result in 10% to 30% electrical energy 
savings  in  tank cooling  refrigeration, with a simple payback of 2-5 years.  



15 | P a g e  
 

 

Figure 8: Rigid polystyrene foam insulation with durable aluminium or stainless steel 

4.3 Stabilisation 
 

One possibility of preventing tartrate precipitation (potassium hydrogen tartrate) in bottled wines is 

cooling over a period of 3 to 40 days. With cooling, tartrate is precipitated and can be extracted by 

filtration and thereafter wine is bottled. This process is time and energy consuming as well as cost 

intensive. The tartrate stabilization and extraction process offers a reliable and economic solution. 

This process combines reliability of a known and well-tried "contact process” with the advantages of 

centrifugal crystal separation. It can be used for stabilizing wine, sparkling wine and grape juice and 

the reaction time is reduced to about 2 – 5 hours (as compared to traditional 72 – 960 hours). 

Cold stabilisation: This offers the advantage of being highly effective (despite the existence of 

problems concerning rosé wines for example) but is also energy intensive. For either continuous or 

intermittent techniques, its cost is estimated at between 2 and 20 times higher than that of cellulose 

gum for identical effectiveness.  The traditional slow intermittent cold stabilisation technique is the 

most energy intensive with rapid cold stabilisation (continuous or batch) exhibiting much lower 

energy intensity (see Figure 1 in process flow diagram for this stabilisation method).  At first, the 

wine is cooled down to stabilization temperature. Next follows the addition of tartrate vaccination 
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crystals. Intermediate storage of cooled and vaccinated wine follows in isolated tanks equipped with 

stirrers. The turbulence, generated according to the adjusted stirring intensity, keeps the contact 

tartrate floating during the whole reaction time and separation phase. After adequate retention 

time (stabilization phase), separation of tartrate by hydrocyclone and clarifier (separation phase) 

takes place (GEA Westfalia, 2009). 

Electrodialysis: this technique is more recent than cold techniques and is known for its effectiveness 

and precision. This technology does however require a certain degree of technicality and is costly, 

both in terms of investment and operation (Smith, 2012).  

Alternative stabilisation methods involve using crystalisation inhibitors as described in the following 

paragraphs. 

Cellulose gum (carboxymethyl cellulose or CMC): authorised by the European community in 2009 as 

an alternative to traditional electrodialysis or cold treatments for tartaric stabilisation in wine. This 

derivative of cellulose is extracted exclusively from wood for oenology. Cellulose gum inhibits 

crystallisation through a mechanism whereby as soon as crystals are created, CMC deposits on 

certain surfaces and the potassium or bitartrate ions can no longer increase the size of the crystals. 

Cellulose and its derivatives react with tannins (including pigmented tannins) and can precipitate out 

colour. Hence CMC is not recommended for red wines. CMC Stabilisation must take place after 

filtration for best results and preventing filters from clogging. Wines treated with CMC also need to 

be protein stable to prevent protein hazes from forming (Smith, 2012). 

Mannoproteins: Adding mannoproteins to an unstable wine helps reduce instability, but it is clear 

that the price of such a treatment is at least 20 times more expensive than that of adding cellulose 

gum, not forgetting that the risk of failure is quite common (Smith, 2012).  

Metatartaric acid: This additive demonstrates a genuine action, but only on a short term basis. It is 

known that metatartaric acid is hydrolysed within 1 month at wine pH and at room temperature. 

CIVC studies have shown that CMC remains active for at least 4 years (Smith, 2012).  

Case study: 

Insulating cold stabilisation tanks with 50mm rigid polystyrene with aluminium cover will reduce heat 

gain from 157W/m2 to 15W/m2. For the case example represented in Figure 8 this represents a 

stabilisation tank standing loss reduction of 7 200 kWh/year electrical energy. 

4.4 Lighting 
 
GOOD PRACTICE: 
High efficiency lighting consumes less electrical energy for providing comparable amount of lighting 
intensity. The common high efficiency lighting opportunities include:  

 Replace the High Intensity Discharge (HID) Lighting with High Intensity T5  

 Replace HID and fluorescent lightings with LED or induction lighting  
 
Case Studies (PSEE, 2015): 
Implementing above retrofits of lights could result in 25% to 83% electrical energy savings of the 
associated lighting energy consumption, with a simple payback of 1-6 years.  
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4.5 Pumps 
 

GOOD PRACTICES: 

 Clean pump impellers, and repair or replace if eroded or pitted. 

 Maintain clearance tolerances at pump impellers and seals.  

 Shut down pumps when not needed and on time-of-use electricity tariffs avoid periods with 
timers. 

 Trim the pump impeller to match system flow rate and head requirements (noting limitations to 
doing this). 

 Replace packing-gland pump seals with mechanical seals, which require far less pump power. 

 Add variable speed motors and drives so the flow of water can be adjusted to changing 
requirements (only applicable for variable flow rates). 

 Replace outdated units with more efficient and correctly sized equipment. 

 Decentralize a major system into sub-systems that serve their  own specific requirements (rather 
than having several pumps in parallel feeding one manifold that combines flow into plant). 

 Install a computerized energy management control system. 

 Install variable voltage, variable frequency inverters to allow motor speed to be continuously 
varied to meet load demand – power savings range from 20 to 40 percent. 

 

 

 Figure 9: Human Interface Screen (HMI) showing main supply header data 

The pump on the VSD will then adjust its speed till the demand is met. The third/fourth pump will 

only be needed when cooling water demand is at its maximum during warm summer afternoons.  

Case Study (PSEE, 2015): 
Implementing a VSD on circulation pumps provided electrical energy savings of 20%, with a simple 
payback of 1-2 years.  
 

Automatic Lighting Controls  

•The two common automatic lighting controls are occupancy sensor control and 
daylight sensor control. When a space is unoccupied or there is sufficient 
daylight, the lighting can be reduced or turned off resulting in electrical energy 
savings. For the case of HID lighting this measure would include bi-level 
controllers.   

•Implementing this measure could result in 30% to 80% electrical energy 
savings of the associated lighting energy consumption, with a simple payback 
of 1-4 years. 
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4.6 Pressing (Compressed Air) 
 

GOOD PRACTICES: 

 Avoiding usage of compressed air driven diaphragm pumps (electrically driven diaphragm pumps 
are available as well as other slurry pump alternatives). Where used the regulator should be 
adjusted to equal the maximum head that the pump is required to provide. A flow control valve 
installed up stream of the regulator will accomplish the required speed control for variations. 

 Well maintained correctly sized filters with clear differential pressure metering (replace filter 
when pressure drop across unit above 0.7 bar). 

 Refrigerant dryer treating all compressed air generated and small point of use desiccant or 
membrane dryers used where required. Correctly sized dryer with dewpoint control system and 
zero purge loss regeneration system. Well maintained dryers with regular service support from 
qualified engineers (pressure drop across unit should be less than 0.4 bar). Under average 
conditions, every m3/hr of air compressed to 6.6barg produces 0.45 litres of condensate per day 
which needs to be treated. 

 New or upgraded machines with electronic temperature compensating controls and inlet guide 
vanes. 

 Well controlled centrifugal compressors operating in their efficient turndown range with group 
load sharing control to prevent blow off. 

 Operating a smaller compressor for air demand outside of the harvest season or a single large 
unit with variable speed drive to meet peak demands. 

 Compressor cycling no more than twice per minute or VSD compressor being used. 

 Single compressor controlling to meet the demand while rest running on base load. 

 Run on timers in place to shut off compressors after a period of no load running. 

 VSD controlling to meet the demand; standard drive machines running base load. 

 Electronic group control system that matches the duty compressors to the demand and provides 
good system monitoring capability. 

 Air supplied to point of use at a pressure as close as possible the minimum required (0.4bar 
pressure reduction yields 3% compressor power savings – 6.6barg air delivery pressure as basis).  

 Correctly sized and maintained distribution system with no more than 0.2 bar pressure drop 
across pipework. 

 Lower pressure of main system and local compressed air boosters used if users cannot be 
changed to allow running at a lower pressure. 

 Flow control valve installed with adequate receiver capacity to separate demand from 
generation. 

 Electronic level sensing drains (instead of continuous bleeding as done on valves under 
accumulators or timer systems) installed at all drain points feeding an oil water condensate 
separation system. 

 Well sized ring main with hard pipe drops to all machines and flexible piping for final runs only. 

 Waste heat regenerated drum type sorption dryers used. 

 Locate one air receiver near the compressor to provide a steady source of control air, additional 
air cooling, and moisture separation. A large storage receiver should be located downstream of 
the dryer and filters to act as a buffer for demand surges and controlled by a flow controller. 

 The minimum amount of storage recommended is 2.3 litres per m3/hr delivered air capacity. This 
should be increased to 9-23 litres per m3/hr delivered air capacity for systems with sharp changes 
in demand.  
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Table 5: Types of presses (Pera/Hiller Product Brochures, 2015) 

Press Technology Advantages Disadvantages  

Air Press (Membrane 
presses function 
through the 
pressurization of gas 
in order to affect 
mechanical motion.  
Membrane or bladder 
is inflated like a 
balloon by an on-
board air compressor. 
Membrane presses 
have gained 
widespread 
acceptance) 

Soft pressing device, where the pressure is applied with a 
minimum of skin movement across the screen surface, and this 
leads to much less tearing and grinding of skins and seeds. 
Tannin released and fine solids generated lowers both 
suspended solids and condensed phenols in press fractions. 

The most critical part of pneumatic press is the membrane or 
bladder, as it responsible for pressing the grapes. Pips, stones or 
other hard particles are liable to pop this device during pressing. 
Critical to remove hard or sharp particles for the functioning of 
the press and the membranes susceptibility for damage.  

The design of the membrane reduces the grinding of the grape 
against the resistant surface when it is being pressed by the 
inflation of the membrane. The reduction of grinding is 
important as grinding can lead to the release of undesired 
phenolic compounds found in, for example, the pips.  

Makes use of compressed air which is at least 4 times more 
energy intensive than direct mechanical pressing. Compressed 
air systems feeding membrane presses need to be rigorously 
maintained to reduce air leaks. 

Perforated: easier to clean and have less risk of oxidation.  Perforated: Fixed batch throughput 

Non-perforated: Free run juice is able to be expelled, and 
because of this, more grapes can be filled within the tank.  

Non-perforated: Generally harder to clean and have higher risk 
of oxidation.  

Vacuum Press (either 
perforated slots 
allowing juice to 
directly exit press or 
collected in slotted 
channels inside press) 

Given its closed structure, mash storage can be performed 
within the tank 

It can be more expensive than other presses  

The design of the vacuum tank press allows for minimal 
exposure to oxygen. Vacuum pumps are 2-5 times less energy 
intensive than vacuum ejectors which make use of compressed 
air.  

Vacuum pumps do require a considerable amount of 
maintenance, but given low operating hours only during the 
harvest this may still be acceptable while constantly ensuring 
reliability through preventative maintenance programs. 

Decanter (centrifuge 
continuous rotation at 
a high rotational 
speed to separate 
components of 
different densities at 
gravitational force 
between 1000 to 4000 
times that of normal 
gravitational force) 

In total, the time and energy needed for handling the products 
(storing, re-storing, pumping, processing) is reduced 
significantly. In addition the times for pressing and enzyme 
addition could be shortened to a high degree.  

High energy consumption but comparing to poorly managed 
compressed air systems it may still save energy. 

The closed system with controllable peeling disc is highly 
hygienic, flexible and stable in operation. The juice is removed 
under pressure, so it is transferred to the tank farm without a 
further pump being necessary. Due to closed design with 
peeling disc, foam formation is not an issue. 

Yields may be slightly lower, however often shown to be higher 
and improved must quality. 
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Table 6: Types of air compressors and efficiency ratings (DoE, 2003) 

Compressor Type Full load Power Use (kW) per 
100 m3/hr air delivery 

Comment 

at 4.1barg at 5.5barg 

Double-Acting, Water-Cooled 
Reciprocating Air Compressors 

7.0-7.5 8.0-8.5 Three-step (0-50-100 percent) or 
five-step (0-25-50-75-100 
percent) capacity controls 

Lubricant-Injected Rotary Screw 
Compressors, Two Stage 7.5-8.0 8.5-9.0 

Part-load capacity control 
systems can match system 
demand Lubricant-Injected Rotary Screw 

Compressors, Single Stage 
8.5-9.0 9.5-10.0 

Centrifugal Air Compressors 7.5-9.4 8.5-10.6 Limited capacity control 
modulation, requiring unloading 
for reduced capacities 

Lubricant-Free Rotary Screw Air 
Compressors 8.5-10.4 9.5-11.7 

Limited to load/unload capacity 
control and VSD 

Single-Acting, Air-Cooled 
Reciprocating Air Compressors 

10.4-11.3 11.7-12.7 Generally designed to run not 
more than 50 percent of the 
time(some at 80 percent) 

 

Various techniques exist to control air compressors at partial load and these are outlined below 

(DoE, 2003): 

Load/Unload: Load/unload control, also known as constant-speed control, allows the motor to run 
continuously, but unloads the compressor when the discharge pressure is adequate. Compressor 
manufacturers use different strategies for unloading a compressor, but in most cases, an unloaded 
rotary screw compressor will consume 15 to 35 percent of full-load power while delivering no useful 
work. Hence, some load/unload control schemes can be inefficient. 
 
Modulating Controls: Throttling is usually accomplished by closing the inlet valve, thereby restricting 
inlet air to the compressor. This control scheme is applied to centrifugal and lubricant-injected 
rotary screw compressors. For lubricant-injected rotary screw compressors, it is an inefficient means 
of varying compressor output. When used on centrifugal compressors, more efficient results are 
obtained, particularly with the use of inlet guide vanes, which direct the air in the same direction as 
the impeller inlet. However, the amount of capacity reduction is limited by the potential for surge 
and minimum throttling capacity. Inlet-valve modulation used on lubricant-injected rotary air 
compressors allows compressor capacity to be adjusted to match demand. A regulating valve senses 
system or discharge pressure over a prescribed range (usually about 0.7 bar) and sends a 
proportional pressure to operate the inlet valve. Closing (or throttling) the inlet valve causes a 
pressure drop across it, reducing the inlet pressure at the compressor and, hence, the mass flow of 
air. Since the pressure at the compressor inlet is reduced while discharge pressure is rising slightly, 
the compression ratios are increased so that energy savings are somewhat limited. Inlet valve 
modulation is normally limited to a range of from 100 percent to about 40 percent of rated capacity. 
When operating at 40 percent rated capacity and when discharge pressure reaches full load pressure 
plus 0.7bar, it is assumed demand is insufficient to require continued air discharge to the system. At 
this point the compressor will operate fully unloaded, like a compressor using load/unload controls. 
 
Variable Displacement: Some compressors are designed to operate in two or more partially loaded 
conditions. With such a control scheme, output pressure can be closely controlled without requiring 
the compressor to start/stop or load/unload. 
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Variable Speed Drives: Variable speed is accepted as an efficient means of rotary compressor 
capacity control, using integrated variable frequency AC or switched reluctance DC drives. 
Compressor discharge pressure can be held to within +/- 0.05bar over a wide range of capacity, 
allowing additional system energy savings. Rotary screw compressors with fixed-speed drives can 
only be stopped and started a certain number of times within a given time frame. Depending on the 
control scheme used, instead of stopping the compressor, it will be unloaded, throttled, or the 
compressor displacement will be varied in applications where the demand for air changes over time. 
In some cases, these control methodologies can be an inefficient way to vary compressor output. 
Compressors equipped with variable speed drive controls continuously adjust the drive motor speed 
to match variable demand requirements. 
 
Multiple Compressor Control: Systems with multiple compressors use more sophisticated controls 
to orchestrate compressor operation and air delivery to the system. Network controls use the on-
board compressor controls’ microprocessors linked together to form a chain of communication that 
makes decisions to stop/start, load/unload, modulate, vary displacement, and vary speed. Usually, 
one compressor assumes the lead with the others being subordinate to the commands from this 
compressor. System master controls coordinate all of the functions necessary to optimize 
compressed air as a utility. The objective of an effective automatic system control strategy is to 
match system demand with compressors operated at or near their maximum efficiency levels.  
 
Network Controls: Less sophisticated network controls use the cascade set point scheme to operate 
the system as a whole. Those systems are capable of avoiding part load compressors but can still 
present the problem of approaching production’s minimum pressure requirement as more and more 
compressors are added and the range of compressor load and unload set points increases. The more 
sophisticated network control systems use single set-point logic to make their operational 
decisions to start/stop, etc.  
 
 

 
Figure 10: Screw air compressor energy use for different partial load control techniques 
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Case Studies (PSEE, 2015): 
 

 
 

4.7 Steam Systems 
 

GOOD PRACTICES: 

 Insulate all vessels that have temperatures over 50°C. 

 Insulate pipework, valves and flanges. 

 Service burners at least annually; twice a year preferably (reduce fire-side scaling). 

 Oxygen trim control. 

 Use of heat pumps or waste heat for low temperatures (eg: 42°C cleaning water). 

 Install electronic combustion control (PID controllers). 

 Install PID controllers to control fire rate. 

 Recover as much condensate as possible.  

 Heat recovery from air compressor exhaust cooling air or other source to pre-heat boiler make-
up since most of the steam is used directly. 

 Ensure steam traps are regularly serviced and maintained (check for steam leaks). 
 
Case Studies (PSEE, 2015): 
 

 

VFD Controlled Air Compressor 

•The control methods for a rotary screw air compressor include load/unload, 
inlet modulation and variable frequency drive (VFD) controls. Based on typical 
screw compressor performance, VFD is the most energy efficient control 
method, while inlet modulation is the least for part-load operation. When the 
compressor is unloading, inlet modulations controlled and load/unload 
controlled screw compressors still draw over 25% of the full load power.  

•Implementing this measure could result in 20% to 55% electrical energy 
savings, with a simple payback of 1-3 years. 

High Efficiency Boiler  

•Hot water in wineries is mainly used for heating of tanks, cleaning, and heating 
wine after cold-stabilization. High efficiency boilers consume less fuel energy 
for generating the same amount of heating load.  

•Implementing this measure could result in up to about 6% natural gas energy 
savings of the associated hot water system energy consumption, with a simple 
payback of 1-3 years.  

Waste Heat from Refrigeration System to Preheat Boiler Water  

•Discharge refrigerant from compressors (except with liquid injection oil 
cooling) is superheated at high temperature. Generally the rejected heat from 
the refrigeration system is removed by the condenser system. The available 
heat depends on the head (discharge) pressure set point for each particular 
type of compressor. The waste heat from the refrigeration system can be used 
to preheat boiler make-up water. Desuperheating the high-pressure 
refrigerant will also reduce the heat load to the evaporative condensers.  

•Implementing this measure could result in 5% to 20% fuel energy savings, with 
a simple payback of 3-6 years. 
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4.8 Process Equipment/Wastewater Treatment 
 

GOOD PRACTICES: 

 Using direct drive or non-slip drive on fans  

 Turn-off campaigns for conveyors  

 Use of VSDs on screw presses, destemmers and other appropriate equipment with variable load 
 
Case Studies 

 

 

VFD on Process Equipment  

•Since winery process loads fluctuate depending on the amount of grape/wine 
being processed, it is recommended to install variable frequency drives (VFD) 
to control the speeds of process equipment, such as screw presses, 
destemmer, whenever it is feasible.  

•Implementing this measure could result in 30% to 60% electrical energy 
savings of the associated process equipment energy consumption, with a 
simple payback of up to 5 years, and up to 11 years for new construction 
projects.  

Double Stack Solid Separation Device  

•Double stack solid separation devices can process high throughput of wine and 
have high clarification efficiency with low solid content output. It consists of a 
floatation tank, separated solid pumps, tank mixer and saturation tank. Double 
stack solid separation is less energy intensive than centrifugal clarification, 
although centrifuges can reduce outgoing solids contents of wine to a fraction 
of a percent.  

•Implementing this measure could result in 66% to73% electrical energy savings 
of the associated process equipment energy consumption.  

Install an Automated Dissolved Oxygen (DO) Control System for 
Aeration Control  

•The amount of wastewater generated in a winery and the biological oxygen 
demand (BOD) level are significantly higher during harvest season. In manual 
systems, plant operators tend to provide excess oxygen into the bioreactor to 
avoid violating standards, which in turn results in excess electrical energy usage 
by the aeration system. An automatic dissolved oxygen (DO) system will 
measure the level of dissolved oxygen in the wastewater using DO sensors. 
Control of aerators (e.g. through VFDs) can result in significant energy savings.  

•Implementing measure could result in 10% to 75% electrical energy savings of 
wastewater treatment system energy use, with simple payback of 1-3 years, 
and up to 8 years for new construction projects.  

Anaerobic Digester System  

•Most conventional wastewater treatment processes utilize ‘aerobic’ 
treatment, meaning that oxygen is taken in to break down the waste products. 
This results in a high energy consumption since oxygen has to be supplied by 
aeration equipment, which is probably one of the most energy intensive 
process in a wastewater treatment facility. ‘Anaerobic’ treatment processes do 
not use oxygen. The energy requirements and sludge production is much less 
than for aerobic processes, thus making the process less costly and simpler.  

•Implementing measure could result in up to 98% electrical energy savings of 
the wastewater treatment system energy use, with a simple payback of 1 year. 
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5 CONCLUSIONS 
 

The key energy consuming processes include refrigeration, pumps, and compressed air and a 

number of energy savings measures have been presented with specific case studies. The best 

practices with regards to the three key energy consuming processes are presented below: 

Refrigeration 

 VSD on glycol circulation pumps, condenser fans 

 Floating head pressure control on refrigeration compressors 

 High efficiency refrigeration compressors and chillers  

 Raise glycol temperature & refrigeration system suction pressure set points when not cold 
stabilising 

 Consider low-power instant-on lighting which switches off if the store is unoccupied. 

 Run the store at the highest possible temperature for the product. 

 Generously sized condenser and evaporator coils  

 Use of low energy Electronically Commutated (EC) fans 
 
Pumps 

 Shut down pumps when not needed and on time-of-use electricity tariffs avoid periods with 
timers 

 Trim the pump impeller to match system flow rate and head requirements (noting limitations to 
doing this) 

 Replace packing-gland pump seals with mechanical seals, which require far less pump power. 

 Add variable speed motors and drives so the flow of water can be adjusted to changing 
requirements (only applicable for variable flow rates) 

 Replace outdated units with more efficient and correctly sized equipment 

 Decentralize a major system into sub-systems that serve their  own specific requirements (rather 
than having several pumps in parallel feeding one manifold that combines flow into plant) 

 Install a computerized energy management control system 

 Install variable voltage, variable frequency inverters to allow motor speed to be continuously 
varied to meet load demand – power savings range from 20 to 40 percent 

 
Compressed Air 

 Well maintained correctly sized filters with clear differential pressure metering (replace filter 
when pressure drop across unit above 0.7 bar) 

 Well maintained dryers with regular service support from qualified engineers (pressure drop 
across unit should be less than 0.4 bar) 

 New or upgraded machines with electronic temperature compensating controls and inlet guide 
vanes 

 Well controlled centrifugal compressors operating in their efficient turndown range with group 
load sharing control to prevent blow off 

 Smaller compressor used to match to the demand or a larger unit with variable speed drive to 
meet peak demands 

 Compressor cycling no more than twice per minute or VSD compressor being used 

 Single compressor controlling to meet the demand rest running base load 

 Run on timers in place to shut off compressors after a period of no load running 

 VSD controlling to meet the demand; standard drive machines running base load 

 Electronic group control system that matches the duty compressors to the demand and provides 
good system monitoring capability 



 

25 | P a g e  
 

 Air supplied to point of use at a pressure as close as possible the minimum required (0.4bar 
pressure reduction yields 3% compressor power savings – 6.6barg system as basis)  

 Correctly sized and maintained distribution system with no more than 0.2 bar pressure drop 
across pipework 

 Lower pressure of main system and local compressed air boosters used if users cannot be 
changed to allow running at a lower pressure 

 Electronic level sensing drains (instead of continuous bleeding as done on valves under 
accumulators or timer systems) installed at all drain points feeding an oil water condensate 
separation system 

 Well sized ring main with hard pipe drops to all machines and flexible piping for final runs only 

 Locate one air receiver near the compressor to provide a steady source of control air, additional 
air cooling, and moisture separation. A large storage receiver should be located downstream of 
the dryer and filters to act as a buffer for demand surges and controlled by a flow controller  

 The minimum amount of storage recommended is 2.3 litres per m3/hr delivered air capacity. This 
should be increased to 9-23 litres per m3/hr delivered air capacity for systems with sharp changes 
in demand.  

 

6 REFERENCES 
 

 ASHRAE (2006) “2006 ASHRAE Handbook—Refrigeration”; 2006 

 Conningarth Economists (2015); “Macro-economic impact of the country’s wine industry on the 
South African economy”; prepared for South African Wine Industry Information and Systems 
(SAWIS); Report covers the period 2008 to 2013; Dated 30 January 2015. 

 Deloitte (2013); “The Economic Impact of Electricity Price Increases on Various Sectors of the 
South African Economy - A consolidated view based on the findings of existing research”; January 
2013.  

 DOE (2003); “U. S. DOE Industrial Technology Program Compressed Air Sourcebook on Best 
Practices"; GO-102003-1822; NREL/BK-840-34591; November 2003. 

 GEA Westfalia (2009); “Systems and Processes from GEA Westfalia Separator in Wineries”; 9997-
6934-060/0210 EN; February 2009 

 PSEE (2015); 35 Wine Cellar Energy Efficiency Site Survey Reports; Compiled by various PSEE 
accredited energy efficiency consultants; January-August 2015. 

 Pera/Hiller (2015); Product Brochures; 2015 

 Smith, Virginia (2012); “Assessment of Cold Stabilization for Tartaric Acid in Wine”; Penn State 
Food Science Undergraduate Dissertation; October 3, 2012  

 www.sinerji-as.com/files/80929258-86eb-4db8-a4ed-60bc512fef01.pdf; accessed 31/08/2015  

 http://www.brsquared.org/wine/CalcInfo/HydSugAl.htm; accessed 31/08/2015 
 
 
 
 
 
 
 
 
 
 
 

http://www.sinerji-as.com/files/80929258-86eb-4db8-a4ed-60bc512fef01.pdf
http://www.brsquared.org/wine/CalcInfo/HydSugAl.htm


 

26 | P a g e  
 

Acknowledgements: 

We would like to thank VinPro and Winetech for encouraging their member cellars to participate in 

the program as well as for their strategic support and guidance. Thanks are extended to the 

following consultants for completing the cellar energy efficiency site surveys: 

 Barclay Richards 

 Energy Intelligence 

 Energy Squared 

 The Greenhouse 

 Grey Green 

 Nel Energy 

 HIS Consulting and Design 

 Integrated Energy Solutions 

 Koos Bouwer Consulting Engineers 

 
 


