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Summary 

1.1  Objec t i ves  o f  the  act ion 

Lack of and access to information is often a barrier to energy efficiency improvement for many 

companies, and this is especially true for small and medium-sized enterprises (SMEs). This 

includes information on the current energy efficiency performance as well as identifying the 

opportunities for efficiency improvement. This is especially true for the European wine industry. 

The EU is the world’s largest producer of wine, producing 70 percent of the world’s wine. 

However, European wine makers are faced with increasing global competition and increasing 

energy costs, affecting the bottom line of many wine makers. This is especially worrisome, as 

wineries are found in rural areas and many are SMEs, reducing the degree to which they can 

respond effectively to these challenges. 

Reducing energy use is an important way to increase the profitability of wineries across Europe. 

Combined wineries consume a considerable amount of energy, estimated at 125 PJ/year. Mostly 

electricity, often consumed at peak hours make the rising costs of power supply a major issue for 

many (small) wineries. 

The AMETHYST project aimed to develop an integrated benchmarking and self-assessment tool 

for small and mid-scale wine manufacturers, as these are mostly faced with barriers on the lack of 

information. It builds on previous experience with the development of a similar energy efficiency 

tool for wineries in California (United States).  

This benchmarking and self-assessment tool gives wineries insight in the relative energy 

efficiency of the winery, and the potential to reduce energy costs. It allows the user to identify 

and evaluate opportunities for energy (and water) efficiency improvement and to evaluate the 

reduction of operation costs. This will help the wineries around the European Union in 

developing an implementation plan for energy efficiency improvement.  

The AMETHYST model is specifically developed for the countries France, Spain, Italy and 

Germany, together responsible for nearly 80% of EU wine production (and over 50% of the 

global production). The tool is also in English for other EU Member States.  

The benchmark tool is available as a software tool in an Excel environment. It is available from 

internet, together with a manual, in five languages: English, French, Italian, Spanish and German. 

Eight computer-assisted workshops have been given in important wine regions in the four 

Member States. 
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1.2  Achieved resul ts  and  l essons  learned dur ing act i on 

The outcome of the project is a fully operational benchmarking and self-assessment tool for 

wineries. The benchmark tool is available as a software tool in an Excel environment. In this way 

the tool can be used by many users since no separate software or hardware is needed. The tool is 

public domain and is publicly available through the project website, together with a manual in 

five languages: English, French, Italian, Spanish and German. To promote the tool, workshops 

have given in France, Spain, Italy and Germany. Per country, two one-day workshops have been 

organised. The workshops were interactive and facilitated by computers, giving wineries the 

opportunity to learn to work with the tool. Cooperation has been sought with regional or national 

energy agencies and wine industry associations in order to invite wineries to the workshops and 

give publicity to the tool. 

 

The workshops were the main means of dissemination of the tool. The results from the workshops 

were a lot of interest and positive feedback especially on the material presented and give during 

the workshops and the contents of the tool, although until now none of the participants in any 

country has yet sent their own results of the tool. The main interest for the workshop participants 

were in terms of benchmark and comparison with the results of their competitors, rather than their 

global energy and water consumption; in other words, as energy and water represent a relatively 

small percentage of their overall costs, the image they have in this field is more important to them 

than the money they can save on their invoices.  

 

During the final project meeting, three key conclusions were drawn: 

 

- There is a need for benchmarking information 

In all countries the winemakers’ industry is looking for benchmarking information, allowing 

comparison with the position of competitors, rather than indicative index data.  

 

- Image is key 

Energy is generally not a real problem for winemakers, as the cost is relatively low compared to 

overall costs. Therefore the main issue in energy and water optimization is often not money but 

image; this comes back to the first conclusion, as it explains why results are most interesting 

when compared with results of competitors.  

 

- Results depend on the characteristics of the user 

The size of the winery will have an impact on the results: during the workshops, it was noted that 

generally big wineries had much better results than the small ones. This is partly linked to the size 

effect, but also to the fact that the big wineries are more recent, and therefore often more 

optimized in terms of energy and water consumption, as using more modern process units.  

 

1.3  Act iv i t ies  and  impact  a f ter  end  of  the  act ion  

It is likely that the use of the tool will not be spontaneous. Consultants will probably be needed to 

help disseminate it among the wineries. As several consultants in the different countries have 

shown an interest for this, it is a good sign that this dissemination will indeed take place. 
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Interesting options would be to compare the results obtained at several perimeters (within a 

region, from region to region, from country to country), but also to compare results for one 

winery for several years in a row. The partners would be interested in a user group of the tool, 

which could work the following way: annual collection of the energy and water intensity indices 

of participating wineries, and report the distribution to the industry without releasing any 

confidential and proprietary data of the individual wineries, in order to enable all users to 

compare their performance to that of their peers in the sector. The problem is the cost of this 

option, as no one has enough funds to spare to pay a person to collect all the data. The Rioja 

council wants to be active in the after project – they may be involved in such a follow-up.  
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2   Introduct ion 

What is AMETHYST? 

AMETHYST is a benchmarking and self-assessment tool for wineries and is available as a soft-
ware tool in an Excel environment. This report serves as a user guide and as background material 
giving assumptions and information on energy and water efficiency measures. The tool is based 
on the Californian model BEST winery1. The BEST Winery tool has been developed by Law-
rence Berkeley National Laboratory (LBNL) and Fetzer Vineyards, with financial support of the 
California Energy Commission (CEC). 
The aim of AMETHYST is to enable a winery to compare its energy efficiency to a best practice 
winery, accounting for differences in product mix and other characteristics of the winery. The 
tool enables the user to evaluate the impact of implementing energy and water efficiency meas-
ures. The tool facilitates strategic planning of efficiency measures, based on the estimated impact 
of the measures, their costs and savings.  
We have incorporated publicly available information to develop AMETHYST. However, every 
winery will differ depending on the winemaking practices. This means that energy savings and 
costs of the measures included in AMETHYST may vary. The AMETHYST results should be in-
terpreted as indications. Only a specialized audit and assessment of the winery may further im-
prove upon the estimates. 

Energy and water consumption in wineries 
Energy consumption in wineries consists to a large extent of electricity consumption. Besides 
electricity, the industry also consumes considerable amounts of fuel, including natural gas, LPG 
and propane. Much of the electricity used in winemaking goes to refrigeration for cooling and 
cold storage. The rest is mainly used for compressed air, hot water or electricity for pumping and 
bottling line motors, though compressed air demand is highly variable from winery to winery. 
Enclosed areas for storage and processes also require lighting and many of these areas are cooled. 
Other non-process use power is required for buildings and other miscellaneous administrative or 
maintenance applications. Hot water is needed for cleaning barrels and equipment and for heating 
red wine ferments and yeast generator tanks.  
The major water use areas are fermentation tanks, barrel washing, barrel soaking, bottling lines, 
cellars, and the crush pad. In efforts to conserve water, many wineries have begun to use treated 
wastewater to irrigate vineyards or landscaping, or may use it for frost protection, fire protection 
or dust abatement. Water use and disposal require pumping and heating which also increases en-
ergy costs. 
 

Benchmarking 
Benchmarking can be a useful tool for understanding energy and water consumption patterns in 
an industrial facility. Energy or water benchmarking for industry is a process in which the energy 
or water performance of an individual plant or an entire sector of similar plants is compared 
against a common metric that represents “standard” or “optimal” performance. It may also entail 
comparing the energy (or water) performance of a number of plants to each other. Because 
benchmark evaluation tools are used for comparison across a number of plants, there are two im-
portant characteristics they should have. First, because they are applied to plants or sectors of dif-
ferent sizes and outputs, the metric used should be irrespective of plant size. This is accomplished 

                                                      
1 Developed by Christina Galitsky, Ernst Worrell and Anthony Radspieler (Lawrence Berkeley National 

Laboratory), Patrick Healy and Susanne Zechiel (Fetzer Vineyards). 
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using intensity, which, for energy, measures energy use per unit of output. However, deciding 
how to measure units of output is not always clear. Second, the tool should be applicable to a 
wide range of facilities (in order to increase the robustness of the analysis) and, therefore, should 
be able to compensate for differences in production (such as tons of grapes received) at similar 
facilities. 
While benchmarking provides insights into the relative energy and water performance of the 
plant, it is also a good starting point for analysis of additional improvement opportunities. 
In designing an evaluation tool that compensates for production differences, it is necessary to take 
a look inside the production processes and account for the various process steps used. 
AMETHYST is based on this type of a process-step benchmarking approach. In this approach, 

the key process steps are identified and a benchmark performance is assigned to each step
2
. The 

performance of your winery is then compared to a best or optimal winery, incorporating informa-
tion about how each step is used by the winery. The performance of the winery is calculated and 
expressed as an Energy Intensity Index (EII) and a Water Intensity Index (WII). EII and WII are 
expressed relative to the benchmark.  
AMETHYST also allows the user to preliminarily evaluate opportunities for energy and water ef-
ficiency improvement, to assess the impact on the performance of the facility, and to evaluate op-
eration costs. This can help the user in developing a preliminary implementation plan for energy 
and water efficiency improvement. 

 

Reader guide 
The report starts with an analysis of energy and water use in a typical winery. We discuss the en-
ergy and water efficiency measures that are included in the tool. The report also serves as manual 
to the tool.  

 

                                                      
2 In this case the benchmark is based on best commercially available technology for each process step. 
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3  Making Wine  

There are numerous variations in the way the grapes are processed. The variations are driven by 
the type of grapes (varietals) processed and wine produced, the sugar content of the grapes, prod-
uct characteristics as specified by the winemaker, the lay-out of the winery, as well as conditions 
during the harvesting period. In the process description we focus on energy and water use, and the 
implications of process variables on energy and water use. For a more detailed description of the 
process and the impact on wine quality we refer to Boulton et al. (1996). Figure 2 shows a simple 
schematic of the process of making wine.  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

 

 

 

 

 

 

 

 

 

 

 

Figure  1  Simpl i f i ed Schemat ic  Presentat ion of the Winemaking Process 
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Harvesting the Grapes 

The fruit are allowed to stay on the vines until fully ripe. Error should be on the side of leaving 
the fruit on the vines too long (Boulton et al. 1996). A slight frost will not injure the grapes for 
winemaking, but rather will improve the final product. Gathering grapes in damp weather or 
when dew is on them is avoided. All unripe and bad berries are removed at this stage. The grapes 
are transported to the winery by truck.  
 

De-stemming and Crushing 
At the winery, the grapes are received at a receiving bin or station. Often the sugar content is 
measured at random in the incoming bins, as this value is important to control the fermentation 
process. The bins are emptied into the receiving station with a crane. To prevent damaging the 
grapes, the grapes are moved with different means, most often a combination of screw conveyors 
or pumps. A small amount of water is used to empty the incoming bins. After reception, the stems 
are removed from the grape berries. The mixture of juice, skins, seeds and pulp produced from 
the de-stemming and crushing processes is called must. Small, fragmented pieces of stems that 
get into the must will increase the wine’s stringency or bitterness and their inclusion should be 
avoided as much as possible. The skins and pulp are then broken to free the juice. The goal of 
crushing is to free the juice without squashing the seeds.  
 
Some wineries may receive part of or all of the grapes as juice, in which case, de-stemming and 
crushing of the grapes have been done elsewhere. Also, some wineries are moving toward de-
stemming and crushing in a mobile unit at the vineyard, making it easier to distribute the stems 
directly around the vineyard instead of returning them later (or simply disposing them). 
 
There are special conditions and wine styles that require and utilize a different crushing sequence 
or the partial use of whole berries. However, for the vast majority of wines are processed using 
the above described sequence. 
 
Depending on the temperature of the grapes at time of delivery and the need for skin contact (for 
white wine only) the must may need to be cooled. If cooling is needed the must line should be 
kept as short as possible or be insulated to reduce heat transfer to the must. The must is pumped 
to fermenting tanks or to the pressing stage. The must may be covered by carbon dioxide to re-
duce oxidation. 
 
Draining and Pressing 
The must can be drained in vertical tank with filters in the bottom. The must is pumped into the 
vertical tank, and the juice is allowed to drain through the filters. However, if the juice is not 
naturally drained, a press may be used to extract the juice. In many (larger) wineries a press will 
be the main way to extract the juice from the must. Both the speed and the pressure of the press 
affect the quality of the wine. A membrane press provides a wine quality that is comparable to 
that of draining, as the juice is lower in tannins and suspended solids. Hence, the membrane press 
is generally the preferred pressing technology. The membrane press uses a motor, while pumps 
and compressors are used to pump must and juice. Water is used to clean the press at the end of 
the day, or in between changes of red and white wines. 
 
For red wine, after crushing, the must goes directly to the fermentation stage and pressing is done 
after fermentation. The skins give the wine its colour; so leaving the skins, seeds and pulp in until 
after fermentation gives the wine a red, rather than clear colour.  
 
For white wine, however, skins, seeds and pulp are separated from the juice after crushing. This 
juice is called free-run. The remaining skins, seeds and pulp are called the marc. Sometimes the 
marc is pressed first with a modern bladder-type cylindrical press and then with a traditional bas-
ket press. Then the marc is discarded. One ton of grapes will yield 600 to 700 litres of must, with 
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450 to 600 litres being free-run juice. The leftover cake (pomace) is often recycled within the 
vineyard. The pomace is removed with screw conveyors to waiting trucks. 
 
After pressing and before fermentation, the sugar and acidity of the juice is determined. Sulphur 
dioxide (SO2) is usually added in small amounts to inhibit wild yeast and bacterial growth and to 
prevent oxidation. Yeast starter cultures and possibly clarifying agents are added to facilitate a 
clean and consistent fermentation.  
 
Fermentation 

Fermentation is an extremely important step in the winemaking process, determining taste and 
quality. Control of this process is important to warrant the quality of the wine. In the fermentation 
stage, yeasts convert the sugars to alcohol and carbon dioxide. This reaction is shown in Figure 3. 
The alcohol produced through fermentation is the wine’s major flavour component. It also affects 
the solubility of many wine constituents and enhances the wine’s resistance to spoilage. Ferment-
ing is mostly done in stainless steel tanks. However, certain wines are fermented in the barrel. Of 
the more common wines only Chardonnay is barrel fermented.  
 

 

    

Figure  2  Fermentat ion react ion  

 
The fermentation process takes place at a controlled temperature for quality purposes, to which 
the wine needs to be cooled at the beginning of fermentation and throughout the process. The 
fermentation reaction also generates heat (as shown in Figure 3) that needs to be removed during 
fermentation. Cooling of the fermentation tanks and barrel room (where some of the white wines 
are fermented) is one of the major energy uses in a winery. The length of the fermentation period 
depends on the sugar content of the grapes and juice, and is controlled by the winemaker to opti-
mize the quality of the wine. 
 
The fermenting tanks are filled to about 12.5 to 15 cm from the top to avoid foaming-over during 
fermentation. Fermentation is performed in barrels or in tanks, depending on the type of wine 
produced. For red wines, the juice of the must is fermented on the skins with the seeds and pulp, 
whereas for white wine, the skins, seeds and pulp have already been removed in the pressing 
stage and only the free run is fermented. Table 3 gives the typical parameters for the main proc-
essing routes of wines. 

 

Table 1 Fermentat ion process character is t ics. Sources:  Fetzer , 2004; Boulton et  al . ,  

1996. 

Wine Typical Sugar 

Content 

(° Brix) 

Typical Fermentation Temperature 

(ºC) 

Typical Fermentation  

Period  

(days) 

Red 22-26 24 to 27ºC 7 – 10 

White – tank fermented sweet 21-22 7 to 18ºC 28 

White – tank fermented dry 23-24 7 to 18ºC 14 

White – Barrel fermented 23-24 7 to 18ºC 7 

 
For red wine, the must is fermented for seven to ten days at a temperature between 75 and 80ºF 
(24 to 27ºC). During this period, colour is extracted from the skins. The skins and solids in the 

C6H12O6                 2CH3CH2OH   + 2CO2 + heat 
yeast
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must will float to the top of the fermenter, forming a cake from which the carbon dioxide cannot 
escape and only a layer of juice contacts the skins. This cake is broken down by punching down 
the cake by hand, by pumping over the juice to the top of the cake using a must pump, or by stir-
ring via mechanical means, including rototanks that turn the entire contents over like a cement 
mixer.  
 
White wines are fermented at cooler temperatures than reds to achieve the best quality. For white 
wines, fermentation takes two to forty-five days at a temperature usually between 45 and 65ºF (7 
to 18ºC). The lower the temperature, the longer the fermentation continues and the more fruitiness 
results in the wine. Fermenters allowed to get too hot produce off flavours and can get stuck. 
Hence, temperature control is important.  
 
Fermentation can continue until the wine is dry (without residual sugar) or be stopped before 
completion by killing or removing the yeast. This yields some level of sweetness, ranging from a 
hint to very sweet. This stoppage can be done by adding alcohol to 15% or more as in ports or 
Sherries, by adding SO2 or sorbic acid, by chilling the must (or free run) and filtering out the 
yeast cells or simply by filtering or centrifuging out the yeast cells.  
 
Stainless steel tanks or oak barrels are the most common fermentation vessels. Stainless steel 
equipment has three major advantages over other types of equipment. Firstly, it neither imparts 
nor removes any flavours in the wine. Secondly, it is easily fitted with temperature controls, in-
cluding jackets to circulate refrigerant, thermostats, internal stirring components and computer-
ized controls that can maintain the temperature of the must within one or two degrees. Third, it 
does not provide a medium for bacterial growth and can be easily cleaned and sterilized.  
 
Malolactic Fermentation 

Malolactic fermentation or conversion refers to the conversion of malic acid in the wine to lactic 
acid. It is typically used to reduce the acidity of wines made from grapes grown in colder cli-
mates. However, it is also applied in many Californian wineries. Some wines have an autonomous 
malolactic fermentation if kept at a suitable temperature (that does not inhibit the fermentation), 
i.e. red wines. Most of the red wines in California undergo malolactic fermentation. The share of 
red wine varies from winery to winery. Malolactic fermentation in red wines is done in the tank, 
which is heated to provide for the reaction. 
 
In other wines, e.g. Chardonnay, the malolactic fermentation is started by leaving the wine on the 
yeast lees and heating the barrels to a sufficiently high temperature to have the fermentation reac-
tion proceed. The lees are the dirt, dust, cellulose, dead yeast cells, bacteria, tartrates and pectin 
that are discarded during racking (see below). The temperature of the wine should not exceed  
64-65°F. The room with the barrels is heated to approximately 70°F (as the wooden barrels insu-
late the wine) for a period of 1 to 3 months, after which they are cooled and stored at 58-60°F. 
The barrels are moved and topped every other week, and again once per month if the wine is 
treated with SO2. 

 
Clarification and Stabilization 

Clarification can be done either before, during, or after aging. Clarifying wine separates the clear 
wine from the spent yeasts and other solids after fermentation. Yeasts are sometimes left in the 
wine to add complexity. Stabilization is needed to remove the tartaric acid. In California, the most 
common techniques to clarify wine are racking, cold stabilization, fining and filtering. Often a 
combination is used. A new technique developed in Europe, and being demonstrated in Califor-
nia, is electro-dialysis. 
 
Racking is the oldest technique of clarification. It involves simply siphoning off the relatively 
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clear wine after the lees have settled to the bottom. Some wineries rack once, others rack more 
than once. Frequent racking can injure the aroma of the wine and render it liable to become 
acidic. Because the SO2 content initially added is exhausted during fermentation, it is adjusted 
again at this stage to prevent spoilage and oxidation.  
 
Cold Stabilization is generally used as an enhancement to racking. It removes excess tartaric acid 
that may form potassium bitartrate crystals that can show up in wine bottles or on corks. Although 
they dissolve easily and are edible and harmless, they are generally unacceptable to buyers. The 
process of cold stabilization allows the wine to warm up to room temperature and then chills it 
down to about 25 to 32ºF (-4 to 0ºC). The tartaric acid crystallizes and is drawn off by racking.  
 

Fining begins by stirring a fining agent into the wine that is heavier than both water and 
alcohol and does not dissolve in either. The agent settles to the bottle of the vessel caus-
ing small, suspended particles to precipitate out with it. The clarified wine is then sepa-
rated by racking off the lees. Physical fining agents absorb tiny particles and drag them. 
Chemical fining agents form chemical bonds with hydrogen elements in the particles. Fin-
ing agents include proteins, earths, synthetic polymers, colloids, activated carbon, silica 
suspensions, and copper sulphate. Over-fining should be avoided as it can result in thin 
wines that lack aroma complexity, flavour depth, viscosity and aging potential. Passing 
the wine through various filters allows great flexibility to winemakers than one or no filters; 

however, it can also remove flavour or aroma elements.  
 

Depth or sheet filtration uses a thick layer of fine material (such as diatomaceous earth) to 
trap and remove small particles. Surface or membrane filtration passes wine through a thin 
film of plastic polymer with uniformly sized holes that are smaller than the particles. Ster-

ile filtration uses micropore filters that are fine enough to remove yeast cells to prevent further 
fermentation.  
 

Electrodialysis is a membrane process driven by an electric current, moving the tartrate 
ions from the wine through a membrane to an aqueous solution. This technology has been 
developed in Europe and is applied in wineries around the world, and is currently being 
demonstrated at wineries in California. Test wineries have found that this technology uses 
much less energy than cold stabilization (Fetzer, 2004). 

 
Storage/Aging 
After clarification, the wine is stored and aged. Wine is stored at the winery or an offsite ware-
house year round, in order to supply wine year round. Storing requires capital and operational ex-
penditures for racking, topping and maintenance of the appropriate temperature. The temperature 
controls the chemical reactions taking place in the wine that affect the quality of the wine. The 
program of aging followed by a winery depends on the type of wine, the style, and price category, 
and will vary by winery and wine type. In most wineries in California, the cellar is a warehouse in 
which the temperature and humidity is controlled. Temperature control is achieved using cool 
night air or artificial cooling that supplements the nighttime air at periods of high temperature. In 
smaller wineries, the cellar may actually be underground (reducing cooling needs). In the very 
large wineries found in the Central Valley, generally low-cost wines are produced and storage is 
kept to a minimum. In these wineries storage may take place in outdoor (sometimes insulated) 
tanks. 
 
Wine should be aged under cool conditions, generally 52 to 55ºF (11 to 13ºC) or cooler and not 
more than 60ºF (16ºC). In California, white wines stored in tanks are generally kept at 40 go 44°F 
(4 to 7°C) on average. White wines are typically made without wood aging and are consumed 
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when they are relatively young, thus retaining fresh and fruity aromas and flavours. Only Char-
donnay is kept in barrels, while the others are stored in tanks. This adds to the taste and quality of 
the Chardonnay. Chardonnay may age between 0 and 6 months in the barrel, and is stored in a 
room cooled to about 58 to 60°F (14 to 16°C). 
 
Red wines generally gain quality and complexity by aging in oak barrels. The oak imparts a va-
nilla, toast taste. Red wines are generally stored between 45°F (7°C) and 70°F (21°C), or on aver-
age 59°F (15°C). Red wines may age up to six months for light red wines and up to 3 years for 
robust red wines in the barrel.  
 
Wine is racked every two to three months while aging. As wine ages, typically 2-5% by volume 
per year (on average 3%) of the wine is lost due to evaporation or ullage. The lost wine is re-
placed to avoid oxidation and to prevent growth of vinegar bacteria, which develops in the pres-
ence of air in warm conditions. Barrels are topped with wine at least every two weeks. Pumps and 
forklifts are used to transport and top the barrels. In addition, barrels are washed and cleaned to 
remove tartrates and other remains in the barrels. Washing and cleaning is mainly done with wa-
ter. The application of ozone reduces the water demand for barrel cleaning. 

 

Bottling and Corking 

Bottling is the final step in winemaking. Some wineries have a bottling facility in house, while 
others outsource the work to other wineries or bottling facilities. Still others (mainly small winer-
ies) use a mobile bottling facility. Even bottling is important to wine quality as the wine continues 
to age while in the bottle after bottling has been completed. 
 
Wine is pumped to tanks at the bottling facility. Nitrogen can be used to fill the headspace in a 
tank to reduce oxidation. Prior to bottling, the wine is filtered to remove any solids remaining in 
the wine after aging. For wines that have not gone through a malolactic fermentation process, the 
wine is filtered through a membrane, to make sure that no biological or bacterial activity takes 
place in the wine when in the bottle. 
 
The bottling line is generally contained in its own separate room, and is kept dust free and under a 
slightly positive air pressure to reduce the growth of organisms and reduce contamination of the 
wine. Fine clear weather is the best time for bottling all wines. All bottles must be clean and dry. 
Bottles are cleaned and dedusted by blowing compressed air into the bottle. Bottling equipment 
varies from simple siphon hoses, funnels, hand corking and labelling machines to very modern 
and completely automated bottling lines. Corks must fill up the neck of the bottle to render them 
airtight, with a small space in the neck of the bottle between the wine and the cork. Bottles are 
stored in a cool cellar on their sides. To reduce the rate of oxidation and chemical reactions a low 
storage temperature is preferred, although temperatures may increase during transportation.  
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4  Energy and water use in Winemaking 

4.1  Energy  use  

Much of the electricity used in winemaking goes to refrigeration for fermentation cooling, cold 
stabilization and cold storage. The rest is mainly used for compressed air, hot water or electricity 
for pumping and bottling line motors, though compressed air demand is highly variable from 
winery to winery. Enclosed areas for storage and processes also require lighting and many are 
cooled. The biggest use of compressed air is in the presses for which the compressor must have 
sufficient capacity to charge the air receiver so it is ready for each pressing cycle. However, 
presses are only used about 1,200 hours or less per year. Hot water is needed for cleaning barrels 
and equipment and for heating red wine ferments and yeast generator tanks. Other non-process 
use power is required for buildings and other miscellaneous administrative or maintenance appli-
cations.  
 
Specific energy use will vary for each winery, as will the distribution of energy use, depending on 
the type of products made, process choices, and efficiency of the operation. Chapter 6 will docu-
ment the typical energy use in an energy efficient winery.  
 

4.2  Water  use 

The main use of water within the winery itself (excluding vineyards) is for cleaning. The major 
water use areas are the crush pad and press area, the fermentation tanks (both primary and 
malolactic fermentation), barrel washing, barrel soaking, the bottling line, and the cellars and bar-
rel storage areas. Water is used to wash down floors and areas throughout the winery, to clean the 
equipment including the receiving lines, the presses, the tanks, and the bottling lines, and to wash 
the barrels at various stages of the winemaking process. Water is also used for humidification in 
the cellars and barrel storage areas, and other non-production uses at the winery, like toilets and 
sinks in office buildings and maintenance workshops.  
 
Some wineries treat their own wastewater, while others send it to a municipal treatment plant. 
Many wineries have begun to use treated wastewater to irrigate vineyards or landscaping, or may 
use it for frost protection, fire protection or dust abatement.  
 
In addition to increased costs for water, the more water that is used, the higher the costs are for 
wastewater disposal and for the energy required for water pumping and/or heating.  
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5  Modelling the benchmark winery 

5.1  Wine types  and process  s teps  inc luded 

 

In AMETHYST, nine types of wine are included: 

 

1. Red wine 

2. Rosé 

3. Sweet white wine fermented in tanks 

4. Sweet white wine fermented in barrels 

5. Dry white wine fermented in tanks 

6. Dry white wine fermented in barrels 

7. Sparkling wine produced via the champenoise method 

8. Sparking wine produced via the charmat method 

9. Sparkling wine produced from aromatic grapes via single fermentation  

 

We have modeled the energy use at a winery as eleven main process steps: 

 

1. Receiving 

2. Pressing 

3. Thermovinification (option for red wine only) 

4. Pre-fermentation cold treatment including process steps such a crio-maceration and must 

clarification 

5. Fermentation either in tanks or barrels 

6. Second fermentation for sparkling wines 

7. Malolactic fermentation either in tanks or barrels 

8. Clarification, Stabailization or Electrodialysis 

9. Aging and storage 

10. Degorgement and yeast removal in champenoise method.  

11. Bottling 

 

In addition, we have separately calculated energy requirements for pumping and for additional 

miscellaneous uses, such as lighting, office equipment, water heating, space heating, and forklift 

operation.  
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5.2  Energy  and water  model l ing  

 

General assumptions 

The model assumes that stainless steel tanks are used with a diameter of 3.1 meter and a height of 

5.5 meter. The dimension of the tank is an optional input that can be changed by the model user to 

the actual dimensions of the tank used. For cold stabilization, isolated tanks are assumed with an 

overall heat transfer coefficient over the surface of 0.63 J / m2 ºC s, assuming a layer of 5 cm iso-

lation material around the tank. For all tank operations, non-isolated stainless tanks are assumed 

with an overall heat transfer coefficient of 4.64 J / m2 ºC s, assuming a tank thickness of 5 mm. 

Heating is assumed to be done with hot water and cooling with a glycol cooling system including 

a water cooling tower. A temperature difference between the cooling medium (glycol) and the 

cooled medium of 5.5 ºC is assumed. A coefficient of performance (COP) of 3.0 is assumed for 

the cooling system. The heat capacity of wine is assumed to be equal to water (4.18 kJ / kg K). 

For all process steps up to the fermentation a density of 1.09 kg / liter juice is assumed and for 

process steps after the fermentation, a density of 0.99 kg / liter juice. To calculate the number of 

tanks required for each process step, a capacity utilization of 87.4% is assumed. All values are 

based on discussions with wine makers and results from tested wineries. 

 

In the calculation of heating and cooling requirements, the ambient temperature is a main variable 

affecting the energy use. Table 2 shows the average temperature for the wine regions included in 

the model during fermentation (and the process steps before), malolactic fermentation and cold 

stabilization. In the model, the user chooses the region where the winery is located and this region 

is linked to the database included in AMETHYST. 

 

Table 2  Average temperature levels  in  the wine regions included in  the model  

during fermentat ion (and preceeding process steps), malolact ic  

fermentat ion and cold stabi l i zat ion  

Spain 

Area Fermentation Malolactic fermen-

tation 

Cold stabilization 

 September / October November – January January / February 

Alavesa 14.7 5.8 5.2 
Alta 14.0 6.5 4.7 
Baja 15.1 5.3 4.4 
Logrono 15.4 6.3 5.2 

 

France 

Area Fermentation Malolactic fermen-

tation 

Cold stabilization 

 September / October October- December January - March 

Alsace 13.5 6.1 3.4 
Aquitaine-charente 15.3 9.2 7.0 
Bourgogne 14.6 7.3 4.1 
Champagne 13.3 7.3 3.9 
Corse 18.6 13.4 9.3 



 18 

Côtes du rhone 16.3 9.1 6.4 
Languedoc Roussillon 17.2 10.4 7.6 
Loire 15.7 9.9 6.9 
Midi pyrénées 17.2 10.5 7.3 
Provence 18.6 11.7 8.2 
Rhone 14.4 7.2 4.6 

 

Germany 

Area Fermentation Malolactic fermen-

tation 

Cold stabilization 

 September – Novem-
ber 

November - February Year round  

Ahr 10.7 4.3 9.7 
Baden 9.6 2.2 10.2 
Franken 9.4 2.1 9.3 
Hes.Bergstrasse 10.7 1.6 10.6 
Mittelrhein 9.8 3.0 9.2 
Mosel 9.9 2.9 9.9 
Nahe 9.2 3.0 9.5 
Pfalz 10.6 3.4 10.1 
Rheingau 10.5 3.6 10.6 
Rheinhessen 9.8 3.3 10.2 
Sachsen 9.1 1.5 9.4 
Saale-Unstrut 9.0 -0.1 9.3 
Württemberg 9.3 2.1 10.4 

 

Italy 

Area Fermentation Malolactic fer-

mentation 

Cold stabilization 

 August – October October- December Year round 

Emilia Romagna 18.4 8.2 12.9 
Marche - Offida 19.7 11.7 14.8 
Marche - Jesi 19.5 11.0 14.3 
Marche - Macerata 20.1 11.7 15.0 
Marche - Fano 18.9 10.6 13.7 
Piemonte - Gavi 17.9 8.0 12.6 
Piemonte - Canelli, Nizza, Asti 18.5 8.4 13.4 
Piemonte - Alba, Barbaresco 17.5 7.4 12.2 
Piemonte - Barolo 17.8 7.5 12.4 
Piemonte - Dogliani, Serralunga 17.6 7.8 12.5 
Piemonte - Ghemme 16.9 7.5 12.0 
Piemonte - Gattinara 18.4 9.3 13.6 
Sicilia - Aragona 22.2 14.5 17.0 
Sicilia - Paternò 23.5 15.8 18.1 
Sicilia - Mazara del Vallo 23.3 16.3 18.2 
Sicilia - Salemi 22.2 15.4 17.3 
Sicilia - Trapani Fulgatore 22.7 16.1 17.7 
Toscane - Poggibonsi, Scansano 18.4 10.4 13.5 
Toscane - Monti pisani, Montalbano 19.8 11.7 14.8 
Toscane - Bolgheri 19.2 12.2 14.6 
Toscane - Montepulciano-Montalcino 17.5 9.8 12.8 
Toscane - Chianti 18.2 10.0 13.4 
Veneto - Arcole 18.2 8.0 12.9 
Veneto - Bardolino Calmasino 18.5 8.7 13.4 
Veneto - Conegliano Veneto 18.9 9.5 13.8 
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Veneto - Este (Calaone) 19.3 9.2 13.9 
Veneto - Illasi 18.2 8.1 13.0 
Veneto - Portogruaro Lison 17.9 8.4 12.7 

 

Receiving and pressing 

For receiving, we use default values of 5.08 kWh / tonne of grapes received for unloading and 

1.76 kWh / tonne of grapes received for pumping and moving the grapes. For pressing, the default 

values are 10.69 kWh for the press and 3.86 kWh for pumping. These values are based on discus-

sions with wine makers and results from tested wineries. 

 

Pre-fermentation cold treatment 

This process step is modelled by calculating the cooling requirements from ambient to cold 

treatment temperature and the conductive losses from tank to environment. A cold treatment tem-

perature of 9.5 ºC is assumed for red wine and 12.5 ºC for the other wine types. The cold treat-

ment is assumed to be maintained for 108 hours for red wine and 12 hours for the other wine 

types. This information is based on an article on cold maceration by Rotter (2006). Temperature 

and durations are optional inputs that can be changed to the actual conditions by the model user. 

 

Thermovinification of red wine 

Based on discussions with wine makers, we assume a default temperature of 65 ºC for this proc-

ess step and duration of 9 hours. Again, these values can be changed by the model user. The 

model calculates the heating requirements from ambient to the required temperature, taking into 

account the conductive losses from the tank to the environment.   

 

Fermentation 

The cooling requirements for fermentation are based on the cooling requirements from the tem-

perature before fermentation to the fermentation temperature, the heat released in the fermenta-

tion reaction and the conductive losses from the tank to the environment. The default assumptions 

on fermentation temperature, duration and sugar content are given in Table 3 and are determined 

in close consultation with wine makers. The values can be changed by the model user to match 

the exact characteristics of the winery. Energy use for air circulation for barrel fermented wine is 

estimated using a default value of 1.9 kWh / 1000 liter wine fermented.  

 

 

Table 3  Assumed process character is t ics  for  fermentat ion  

FRANCE 

Wine Typical sugar content 

ºBrix 

Typical fermentation 

temperature 

ºC 

Typical fermentation 

period 

(hours) 

Red  22.5 28.5 192 

Rosé 22.5 18.5 396 

Sweet white (tank) 30.0 18.5 588 

Sweet white (barrel) 30.0 18.5 588 

Dry white (tank) 22.5 18.5 396 
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Dry white (barrel) 17.0 18.5 588 

Sparking (champenoise) 19.8 18.5 396 

Sparklng (charmat) 19.8 18.5 396 

Sparkling (aromatic) 19.8 18.5 396 

 

ITALY 

Wine Typical sugar content 

ºBrix 

Typical fermentation 

temperature 

ºC 

Typical fermentation 

period 

(hours) 

Red  22.0 26.5 144 

Rosé 21.0 16.0 300 

Sweet white (tank) 21.0 9.0 720 

Sweet white (barrel) 21.0 9.0 720 

Dry white (tank) 21.0 16.0 300 

Dry white (barrel) 22.0 17.0 480 

Sparking (champenoise) 18.0 17.0 300 

Sparklng (charmat) 18.0 17.0 300 

Sparkling (aromatic) 18.0 17.0 300 

 

SPAIN 

Wine Typical sugar content 

ºBrix 

Typical fermentation 

temperature 

ºC 

Typical fermentation 

period 

(hours) 

Red  23.4 29.0 240 

Rosé 21.6 18.0 288 

Sweet white (tank) 21.0 9.0 720 

Sweet white (barrel) 21.0 9.0 720 

Dry white (tank) 21.6 18.0 288 

Dry white (barrel) 22.5 15.0 528 

Sparking (champenoise) 19.8 15.0 288 

Sparklng (charmat) 19.8 15.0 288 

Sparkling (aromatic) 19.8 15.0 288 

 

GERMANY 

Wine Typical sugar content 

ºBrix 

Typical fermentation 

temperature 

ºC 

Typical fermentation 

period 

(hours) 

Red  23.0 24.0 360 

Rosé 21.0 18.0 336 

Sweet white (tank) 21.0 16.5 480 

Sweet white (barrel) 21.0 16.5 480 

Dry white (tank) 21.0 18.0 336 

Dry white (barrel) 21.0 18.0 336 

Sparking (champenoise) 19.8 18.0 336 
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Sparklng (charmat) 19.8 18.0 336 

Sparkling (aromatic) 19.8 18.0 336 

 

Second fermentation for sparkling wines 

The default assumptions on fermentation temperature and duration for the second fermentation of 

sparkling wine (produced via the charmat method) is given in Table 4 and are determined in close 

consultation with wine makers 

 

Table 4  Assumed process character is t ics  for  second fermenat ion for  sparkl ing wine 

(Charmat method)  

FRANCE 

Temperature ( ºC) 17 

Period (hours) 360 

 

ITALY 

Temperature ( ºC) 16 

Period (hours) 192 

 

SPAIN 

Temperature ( ºC) 17 

Period (hours) 360 

 

GERMANY 

Temperature ( ºC) 20 

Period (hours) 240 

 

For the champenoise method, where fermentaiton takes place in the bottle, a natural cave is 

assumed. Energy use for air circulation is estimated using a default value of 1.9 kWh / 1000 liter 

wine fermented.  

 

Malolactic fermentation 

The heating requirements for malolactic fermentation in tanks are based on the heating require-

ments from the ambient to the fermentation temperature and the conductive losses from the tank 

to the room. The default assumptions on fermentation temperature, duration and sugar content are 

given in Table 5 and are determined in close consultation with wine makers. The values can be 

changed by the model user to match the exact characteristics of the winery. Energy use for air cir-

culation for wine fermented in barrels is estimated using a default value of 1.9 kWh / 1000 liter 

wine fermented. The room temperature in case of malolactic fermentation in barrels is assumed to 

be 5 ºC above the fermentation temperature. Heating requirements to heat the room and keep it a 

constant temperature are estimated at 0.24 MJ / liter fermented (assumed period for malolcatic 

fermentation 56 days) and is automatically adjusted if the period is changed by the user.   

 

Table 5  Assumed process character is t ics  for  malolact ic  fermentat ion 
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FRANCE 

Wine Typical malolactic fermentation 

temperature 

ºC 

Typical malolactice 

fermentation period 

(hours) 

Red  21 1440 

Rosé 21 1440 

Sweet white (tank) 21 1440 

Sweet white (barrel) 21 1440 

Dry white (tank) 21 1440 

Dry white (barrel) 21 1440 

Sparking (champenoise) 21 1440 

Sparklng (charmat) 21 1440 

Sparkling (aromatic) 21 1440 

 

ITALY 

Wine Typical malolactic fermentation 

temperature 

ºC 

Typical malolactice 

fermentation period 

(hours) 

Red  19 360 

Rosé 19 420 

Sweet white (tank) 19 720 

Sweet white (barrel) 19 720 

Dry white (tank) 19 420 

Dry white (barrel) 19 720 

Sparking (champenoise) 19 360 

Sparklng (charmat) 19 360 

Sparkling (aromatic) 19 360 

 

SPAIN 

Wine Typical malolactic fermentation 

temperature 

ºC 

Typical malolactice 

fermentation period 

(hours) 

Red  20 480 

Rosé 19 420 

Sweet white (tank) 19 720 

Sweet white (barrel) 19 720 

Dry white (tank) 19 420 

Dry white (barrel) 19 720 

Sparking (champenoise) 19 360 

Sparklng (charmat) 19 360 

Sparkling (aromatic) 19 360 

 

GERMANY 
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Wine Typical malolactic fermentation 

temperature 

ºC 

Typical malolactice 

fermentation period 

(hours) 

Red  21 1080 

Rosé 21 1344 

Sweet white (tank) 19 1344 

Sweet white (barrel) 19 1344 

Dry white (tank) 21 1344 

Dry white (barrel) 21 1344 

Sparking (champenoise) 21 1344 

Sparklng (charmat) 21 1344 

Sparkling (aromatic) 21 1344 

 
Clarification, stabilization and electro dialysis 

The default assumptions on temperature and duration for cold stabilization is given in Error! 

Reference source not found. and are determined in close consultation with wine makers 

 

Table 6  Assumed process character is t ics for  second fermenat ion for  sparkl ing wine 

(Charmat method)  

FRANCE 

Temperature ( ºC) -3.3 

Period (hours) 840 

 

ITALY 

Temperature ( ºC) -2.0 

Period (hours) 940 

 

SPAIN 

Temperature ( ºC) -3.0 

Period (hours) 420 

 

GERMANY 

Temperature ( ºC) -4.0 

Period (hours) 600 
 

For electrodialysis, a benchmark electricity use of 6.11 kWh / 1000 liter wine is assumed. 

 

Aging and storage 

Aging and storage in barrels is assumed to take place in natural caves or well-isolated rooms 

without need for additional air conditioning. For air circulation and humidification, an energy use 

of 5.67 kWh / 1000 liter is assumed.  

Champenoise 

For degorgement and yeast removal in sparkling wine production via the champenoise method, 

specific energy use of 8.2 kWh / 1000 liter wine is assumed.  
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Bottling 

Electricity use for bottling is for the benchmark winery estimated at 27.8 kWh / 1000 liter bottled 

for the equipment (including a compressed air system) and 3.8 for wine pumping.  

 

Other energy use 

A benchmark winery is assumed to use 10 kWh / m2 for lighting and 0.5 GJ fuel / m2 for space 

heating of heated rooms. Electricity use for offiice equipment and other electricity use is assumed 

to be 6% of the total electricity use. Fuel use for forklifts is assumed to be 0.1 MJ / liter of wine 

produced. The hot water use is assumed to be produced with a boiler having a 90% efficiency.  

 

Pumping 

Pumping energy (not yet covered in the various process steps discussed) is made up of several 

parts: the energy required for pumping wine, water, cooling water, hot water, and wastewater (if 

water is treated onsite). Pumping energy for wine for the benchmark winery is based on the 

production variables input by the user. The default assumptions are presented in Table 7. 

Table 7  Benchmark electr i c i ty use for  pumping  

Cooling water 5.8 kWh / 1000 liter wine produce 

Hot water for malolactic fermentation 0.5 kWh / 1000 liter wine fermented 

Hot water for barrel cleaning 0.8 kWh / 1000 liter wine produced 

Hot water for bottling 0.07 kWh / 1000 liter wine bottles 

Pumping to waste water treatment 0.7 kWh / 1000 liter wine produced 

Waste water aeration 16.kWh  / 1000 liter wine produced 

Pumping water from wells 3.1 kWh / 1000 liter wine produced 

Wine pumping between process steps 1.5 kWh / 1000 liter wine produced 

 

Water use 

The assumptions on water use in the winery are summarized in Table 8 

 

Table 8   Benchmark water  use 

Water used in crush pad, storage areas 2.2 liter / liter wine produced 

Water used iin barrel rooms 1.0 liter / liter wine stored 

Water used iin bottling 0.6 liter / liter wine bottled  

Water used in refrigeration 0.4 liter / liter wine produced 

Non-producctive losses 0.1 liter / liter wine produced 

Hot water used for cleaning barrels 0.1 liter / lite wine produced 

Hot water used for cleaning bottling line 0.4 liter / liter wine bottled 

 

 

5.3  Overview of  key assumpt ions  

 

The key assumptions made for calculation the benchmark energy use are given below: 
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• The model assumes stainless steel tanks 

• The model assumes a glycol based cooling system including a water cooling tower 

• The model assumes the energy required for (space) heating to be delivered by fuels, not 

by electricity.   

• The model assumes that an energy-efficient winery stores barrels in natural caves or well-

isolated rooms where air-conditioning is not required.  
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6  Energy and Water Eff iciency Opportunit ies 

In addition to evaluating overall performance and providing benchmarking scores for energy use 
(the EII) and water use (the WII) that compare energy and water use to the reference winery, 
AMETHYST provides a menu of opportunities for energy and water efficiency. This menu can be 
used to examine specific energy efficiency opportunities and to identify a set of possible meas-
ures that can help wineries achieve maximum benefit. 
 
The following list of energy uses included in AMETHYST is common to wineries and many in-
dustrial facilities: 

� Refrigeration, 
� Pumping, 
� Compressed Air, 
� Motors, 
� Lighting, 
� Hot Water Supply, 
� Cogeneration (Combined Heat and Power), and 
� Miscellaneous Electric and Fuels.  
� Water 
 

The individual measures are each described below in their respective section. The estimates for 
energy or water savings and costs are based on BEST Winery. However, actual performance and 
very specific characteristics for the user’s winery may differ. For a more detailed and exact as-
sessment, a specialized engineer or contractor should be consulted. 

 

6.1  Refr igerat ion  

Refrigeration for process cooling accounts for much of the electricity used in wine making. The 
applicability of refrigeration energy efficiency measures may depend on the refrigeration system 
size: “small/medium” refers to systems less than 100 tons, generally R-22 for “commercial/light 
industrial” applications, and “large” refers to systems 100 tons and up, generally ammonia (R-
717) for “industrial” applications. 
 
In general, it is important to note that for winery refrigeration systems: 

� Proper maintenance, advanced control systems and operator training are areas that can 
pay big dividends.  

� Small and medium sized winery refrigeration compressors and condensers must be sized 
for the crush, which lasts only six to eight weeks of the year. Therefore, systems are gen-
erally greatly oversized for the balance of the year and efficient operation at reduced ca-
pacity is an important area for improvement.  

� Because major energy use is of short duration, great care should be exercised in system 
design. Without great care, energy efficiency measures that pay back quickly in other in-
dustries may have very extended payback periods for wineries. For example, oversized 
condensers, variable speed drives (VSDs) on condensers or VSDs on compressors, which 
are expensive investments, must be evaluated under the annual operating conditions pre-
dicted at the winery (Leue, 2004). 
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We have grouped refrigeration measures into four sections: system changes; compressors; con-
densers; and evaporators. System-type measures refer to measures that affect the overall refrigera-
tion system performance and/or system load, e.g., controls, pipe and tank insulation, tight sealing 
doors and efficient lighting systems. Compressor, evaporator, and condenser-type measures are 
considered specific to these equipment components, yet understood to effect the system overall.  

 

System Changes 

Trigeneration. We show trigeneration in the refrigeration section because it lowers refrigeration 
energy use. However, the measure is included in a separate Worksheet labelled EE-CHP in 
AMETHYST, and in Section 7.9, below. Savings and investments are only included once (in the 
EE-CHP Sheet). Please see these sections for more information on trigeneration.  
 
Reduce wattage lighting/occupancy control. Several energy efficiency measures relating to 
lighting are included in Section 5, below, as well as on the Worksheet entitled EE-Lighting in 
AMETHYST. However, in addition to the energy saved by reducing the electricity used in light-
ing, the reduction of lighting also reduces cooling load and refrigeration energy. In AMETHYST, 
reduction of lighting is linked to lighting measures on the EE-Lighting sheet, where degree of ap-
plication is selected. Because costs are already accounted for on the EE-Lighting sheet, marginal 
costs for this measure are zero. Costs for each of the lighting measures are included in Section 5, 
below, on lighting.  
 
Monitor performance. Automated monitoring of energy performance is not yet common but is 
very beneficial in quantifying the opportunity to address poor part-load efficiency of many sys-
tems, and in showing deterioration, such as effect of low refrigerant charge. The cost of auto-
mated monitoring is fixed relative to the size of the system and may be minor on a new system, 
where much of the data can be obtained from the control system. The monitoring system should 
have the ability to provide system and component level information to operating staff as well as 
high-level performance summaries for management (Scott, 2004). We estimate savings of 3% for 
the energy used in refrigeration by applying this measure. 
 
Monitor refrigerant charge. Low refrigerant charge affects many small direct expansion (DX) 
systems, and can also exist without obvious indicators on larger flooded or recirculation systems. 
Without this measure, the system will keep running until it can’t keep up any longer. This meas-
ure generally isn't applicable to large ammonia systems, but can be substantial if applicable and 
unnoticed.  Scott (2004) estimates one in six DX systems has a low charge (or sometimes over-
charge) situation sufficient to increase refrigeration energy usage by 20%. We conservatively es-
timate refrigeration savings of 10% wherever this measure is applied. 
 
Monitor suction line filters. There are multiple reasons to monitor suction line filters. Debris 
will cause a pressure drop, but it is also important to know if anything is being carried out along 
with the returning vapour. If there is, there is most likely erosion occurring on the internal surface 
of the pipe which can lead to premature failure of the pipe. If debris is found, a corrosion rate test-
ing program should be implemented (Dettmers, 2004).  
Generally this measure applies to smaller direct expansion (DX) systems, usually halocarbon not 
ammonia, although all systems can be monitored for unusual pressure drops that can originate 
from many sources (Scott, 2004). We estimate refrigeration systems savings from this measure to 
be about 3%. 
 
Monitor contaminants in refrigerant. Periodically monitor for contaminants (e.g., oil, water, 
etc.) to detect operating and maintenance problems with the system. We estimate refrigeration 
systems savings due to implementation of this measure to be 2%. 
 



 28 

Tank insulation. There are 3 primary types of tank insulation: Spray-on for large applications, 
foil over bubble wrap, and a rigid foam with an outer shell. Approximate energy savings gener-
ally vary from 20-33%, depending on the type of insulation system. We estimate, on average, re-
frigeration systems would save about 25% wherever this measure is implemented. 
 
Nighttime air cooling. Bringing in outside air brings in air at lower temperatures and provides 
savings due to reduced cooling electricity use (due to lower air temperatures and less mechanical 
cooling) and larger electricity cost savings due to lower peak use. We estimate energy savings for 
this measure to be about 20%, applicable to warehouses (for aging and storing), offices and cold 
stabilization only, where outside air circulation is not already required. Fermentation already re-
quires that fresh air is recirculated because of the CO2 generated within the fermentation process. 
 
Reduced infiltration load from door closings. Though proper door management and tight seal-
ing doors, energy requirements for refrigeration will be reduced due to reductions in infiltration. 
Based on AMETHYST, undesired infiltration losses account for approximately 21% of refrigera-

tion energy in fermentation and cold stabilization
3
. We assume 15% of the total refrigeration en-

ergy could be saved due to proper door management.  
 
Building Shell - reflective roofing materials. The building shell can serve as insulation from the 
weather (either hot or cold). The use of a reflective coating on the roof of buildings in sunny, hot 
climates like those found in California, can save on air conditioning costs inside. Two medical 
offices in Northern California used reflective roofs on their buildings and found summertime 
daily air-conditioning savings of 13 and 18% and reduced demand of 8 and 12% (Konopacki et 
al., 1998). Primary factors that influence energy savings include location, weather, roof insula-
tion, air conditioning efficiency and building age. We estimate savings to be 15% on cooling re-
quirements in aging and storing, as well as office buildings. Cooling requirements in aging and 
storing and office buildings is approximately 23% of total refrigeration energy. Parker and Bar-
kaszi (1994) estimate the overall costs to be about $11 per m2. 
 
Building & pipe Insulation and Vapour Barrier Integrity. The integrity of insulation and va-
pour barriers may be inspected through the use of thermography.  Replace degraded insulation 
and add insulation whenever possible.  A thermographic camera can be used to see areas where 
the insulation has degraded, often because of moisture intrusion into the insulation.  If the vapour 
barrier is broken, you will see water running down the walls or ice balls hanging from the point of 
rupture. Cost effectiveness of increasing insulation requires simulation, e.g., with 3Eplus software 
(Dettmers, 2004). We estimate refrigeration systems savings from this measure to be about 10%. 
 
Size fan and motors more efficiently. As described in Section 7.4, below, motors and pumps 
that are sized inappropriately result in unnecessary energy losses. The same applies for fans and 
motors for the refrigeration system. Where peak loads can be reduced, motor and fan size can also 
be reduced. Correcting for motor over-sizing saves 1.2% of on the motor electricity consumption 
where applied (on average for the U.S. industry), and even larger percentages for smaller motors 
(Xenergy, 1998). It can be higher for individual motor systems. We assume similar savings for 
refrigeration re-sizing.  
 
Electrodialysis. Electrodialysis uses selectively permeable membranes and an electric current to 
remove tartrates from wine that would generally otherwise undergo cold stabilization to remove 
these tartrates. Electrodialysis uses only about 12% of the energy used in cold stabilization, be-
cause no freezing and reheating is required (Dahlberg, 2004; Fetzer, 2004). In addition, reheating 

                                                      
3 Fresh air is required during indoor fermentation for worker safety due to the exhausted CO2 from the 

process. These air requirements are regulated and cannot be reduced. We estimate any additional 

infiltration to be undesired, and include only that air reduction in our model.  
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of wine after cold stabilization is no longer needed, saving yet more energy.  
 
Currently, replacement of the membranes required in electrodialysis is quite expensive, making 
operation costs about equal to the cost savings achieved by electricity reduction, when electricity 
is valued at about €0.10 per kWh (Dahlberg, 2004; Fetzer, 2004). However, WineSecrets, the ma-
jor manufacturer of electrodialysis units in the U.S., claims savings achieved from wine that 
would be lost in cold stabilization make the process economical. They claim savings of 0.5% of 
wine, otherwise lost during cold stabilization.  Currently, we have estimated costs to be €4 /kWh 
saved, excluding savings from reduced wine loss. In AMETHYST, this number can be changed 
by the user, however, to account for savings due to reductions in wine loss to get a better estimate 
of payback period.  The cost of €4 per kWh saved is for a large unit processing 11,000 litres per 
hour. A smaller winery may have lower first costs as well as a lower maintenance contract and a 
better payback period, as well.  
WineSecrets electrodialysis systems range from 1500 litres per hour for approximately €150,000, 
up to 11,000 litres per hour for €800,000 (Dahlberg, 2004). In addition, A maintenance contract 
that includes membrane replacement, as well as other costs such as water, discharge, nitric acid, 
and operational labour costs between €0.007 and €0.014 per litre, depending on the size of the 
unit. 
 
Cave for barrel storage. Caves can be an alternative to above-ground buildings for wine storage. 
They provide an ideal environment for aging and storing wine, with almost constant temperatures 
year-round (typically about 16 ºC) and a humidity of 80-90%. Some wineries have estimated a 7-
year payback for digging a cave (Franson, 2000). Obviously, the payback period for this measure 
is shorter for building new caves rather than for replacing an already existing building with a new 
cave. Magorian Mine Services estimate digging a cave typically costs around €1100 per m2, while 
concrete masonry block buildings typically cost €1000 per m2 and super-insulated butler build-
ings cost €700 per m2 (Black, 2002). For our calculations, we use an average of these two types of 
buildings to estimate typical additional costs of building a cave. We estimate savings based on 
electricity used to cool a warehouse building, which are no longer required for caves.  
 
  
Compressors 

 

Control system/scheduling of compressors. Existing compressors generally have some controls 
but their computerized controls often only mimic electro-mechanical set points. Savings from this 
measure come from specific enhanced strategies and set points, such as optimizing compressor 
operation (if there are multiple parallel screw compressors) to reduce part-load inefficiency or 
floating suction set point (Scott, 2004). Base loading with screw compressors and trimming with 
reciprocating compressors are generally recommended.  Screw compressors should not be oper-
ated below 50% of design capacity while reciprocating compressors can go much lower (Dett-
mers, 2004). This measure could involve better control of parallel machines with standard feed-
back control or some sort of load forecasting scheme not done yet for refrigeration (Scott, 2004). 
We estimate refrigeration systems savings from this measure to be about 3%. 
 
Floating Head Pressure (FHP) control versus fixed. Floating Head Pressure (FHP) involves 
additional fan power to reduce compressor power. This is a trade-off, which means the control 
method and relative power is important. Overall, this is the biggest opportunity for reducing the 
energy consumption of refrigeration compressors, at least on smaller systems.  
It is important not to allow head pressure to go too low.  In ammonia refrigeration systems, cer-
tain processes in the system need a minimum head pressure. For example, liquid injection oil 
cooling often needs a minimum head pressure of around 135 psig.  Other constraints may be 
needed for hot gas at a certain pressure/temperature to be able to meet defrost loads.  Sometimes, 
lowering head pressure is simply an operational change, but often an additional compressor needs 
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to be added to achieve it. In addition, there is a balance point in most systems when the extra en-
ergy added in fan power on the condenser exceeds the energy saved at the compressor (Dettmers, 
2004).  We estimate refrigeration systems savings from this measure to be about 4%. 
 
Adjustable Speed Drives (ASDs)/Variable Frequency Drives (VFDs) on compressor motors. 
ASDs/VFDs used below a part-load ratio of approximately 0.95 on a screw compressor deliver 
equal capacity with lower electrical power requirements than a fixed speed compressor. At a part-
load ratio of 27%, the variable speed drive operation requires 40% less electrical power than the 
fixed speed case – each providing equal refrigeration capacity. Note that at full-load, the variable 
frequency drive is approximately 3% less efficient than the fixed speed drive case due to drive 
losses (Jekel, 2004b). We estimate refrigeration systems savings from this measure to be about 
10%. 
 

Condensers 

Adjustable Speed Drives (ASDs)/Variable Frequency Drives (VFDs) on condenser fans. 
From the standpoint of establishing a condenser operating strategy, the single greatest impact on 
energy efficiency is the choice of condenser fan capacity modulation. Prior to applying condenser 
fan ASDs/VFDs, it is important to evaluate the extent that the condensing (or head) pressure can 
be floated. Evaporative condenser operating strategies are dictated, in part, by the design of the 
connected refrigeration system and the selection of the condenser fan motor. The three most 
common strategies for condenser fan capacity control are: 1) on/off control with single-speed 
fans, 2) high/low/off control with 2-speed fans, 3) variable speed fans (Jekel, 2004a). We estimate 
refrigeration systems savings from this measure to be about 5%. 
 

 

Evaporators 

Install automatic purgers on evaporative condensers. Automatic purgers are used to remove 
air and other non-condensables. On glycol/water chillers, it is recommended to purge air and 
other non-condensables from the system at least quarterly, possibly more during periods of heavy 
use (Dettmers, 2004). As a rule, 1% non-condensables could result in 1% efficiency loss, depend-
ing on the refrigerant used and the lift (Papar, 2004). We estimate refrigeration systems savings 
from this measure to be about 5%. 
 
Adjustable Speed Drives (ASDs)/Variable Frequency Drives (VFDs) on evaporator (air 
unit) fans. ASDs/VFDs, continuous fixed speed (FS), and duty cycling (DC) represent three pri-
mary types of evaporator fan speed control strategies. Of the three, ASD/VFD has the best effi-
ciency advantage at low part-load operating conditions, yet to be cost-effective there must be 
enough hours of part-load operation to “pay” for the drive (Jekel, 2004c). We estimate refrigera-
tion systems savings from this measure to be about 4%. 
 
Cycle evaporative (air unit) fans. Evaporator (air unit) fans should be cycled as permissible by 
the system (evaporator), but operated occasionally to prevent stratification of the air in the space. 
On certain types of evaporators (flooded & recirculated), fans should not be shut off until an ex-
tended period of solenoid off time is reached. Otherwise, it is possible to leave an evaporator sit-
ting full of liquid ammonia. Stratification of the air means that the product(s) at the top of a ware-
house could warm up beyond the specified temperature level and product(s) could be lost (Dett-
mers, 2004).  Instead of shutting down the fan for various concerns (e.g., mold, start-up costs or 
lack of warning of need), a set-back mode may be used or a small dehumidifier coil/system may 
be installed for non-occupied modes. This measure requires integration with other system controls 
(Scott, 2004). We estimate refrigeration systems savings from this measure to be about 2%. 
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6.2  Pumping 

Pumping systems account for nearly 20% of the world’s electrical energy demand (Hydraulic In-
stitute and Europump, 2001; Xenergy, 1998). In wineries, pumping energy needs may account for 
between 10 and 25% of electricity consumption. Pump efficiencies may vary between 15% and 
90%, demonstrating potential for efficiency improvement. Studies have shown that over 20% of 
the energy consumed by these systems could be saved through equipment or control system 
changes (Xenergy, 1998).  
 
In a winery, pumps are not only used to pump product, but pumps are also found in refrigeration 
systems and water systems. Hence, there are different pumps used within a winery, e.g. centrifu-
gal, progressive cavity, lobe, flexible impeller, diaphragm, peristaltic and reciprocating piston 
pumps (Phillips, 2002). For product handling, the choice of pump is particularly important. For 
example, lobe pumps are suitable for pumping fluids with suspended solids (e.g. must and lees), 
while centrifugal pumps are mostly used for moving wine between tanks or for pumping water. 
 
It is important to note that initial costs are only a fraction of the life cycle costs of a pump system. 
Energy costs, and sometimes operations and maintenance costs, are typically much more impor-
tant in the lifetime costs of a pump system. In general, for a pump system with a lifetime of 20 
years, the initial capital costs of the pump and motor make up merely 2.5% of the total costs (Best 
Practice Programme, 1998). Energy costs, however, make up about 95% of the lifetime costs of 
the pump. Maintenance costs compose the remaining 2.5%. Hence, the initial choice of a pump 
system should be highly dependent on energy cost considerations rather than on initial costs. 
  
Pumping systems consist of a pump, a driver, pipe installation and controls (such as adjustable 
speed drives or throttles) and are a part of the overall motor system. Using a “systems approach” 
on the entire motor system (pumps, compressors, motors and fans) was also discussed in section 
5.1.1. For example, higher efficiency motors also increase the efficiency of the associated pump 
by 2 to 5%. In this section, the pumping systems are addressed; for optimal savings and perform-
ance, it is recommended that the systems approach incorporating pumps, compressors, motors and 
fans be used. 
 
There are two main ways to increase pump efficiency, aside from reducing use. These are: 1) re-
ducing the friction in dynamic pump systems (not applicable to static or "lifting" systems) and 2) 
adjusting the system so that it draws closer to the best efficiency point (BEP) on the pump curve 
(Hovstadius, 2002). Correct sizing of pipes, surface coatings or polishings and adjustable speed 
drives, for example, may reduce the friction loss, increasing energy efficiency. Correctly sizing 
the pump and choosing the most efficient pump for the applicable system will push the system 
closer to the best efficiency point on the pump curve.  
 
Maintenance and Monitoring. Inadequate maintenance at times lowers pump system efficiency, 
causes pumps to wear out more quickly and increases costs. Better maintenance will reduce these 
problems and save energy. Monitoring in conjunction with maintenance can be used to detect 
problems and determine solutions to create a more efficient system. Monitoring can determine 
clearances that need be adjusted, indicate blockage, impeller damage, inadequate suction, opera-
tion outside preferences, clogged or gas-filled pumps or pipes, or worn out pumps. Monitoring 
should include wear monitoring, vibration analyses for main pumps, pressure and flow monitor-
ing, current or power monitoring, and distribution system inspection for scaling or contaminant 
build-up. Proper maintenance includes the following (Hydraulic Institute, 1994; LBNL et al., 
1999):  

� Replacement of worn impellers, especially in caustic or semi-solid applications. 
� Bearing inspection and repair. 
� Bearing lubrication replacement, once annually or semi-annually.  
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� Inspection and replacement of packing seals. Allowable leakage from packing seals is 
usually between two and sixty drops per minute.  

� Inspection and replacement of mechanical seals. Allowable leakage is typically one to 
four drops per minute.  

� Wear ring and impeller replacement. Pump efficiency degrades from 1 to 6 points for im-
pellers less than the maximum diameter and with increased wear ring clearances (Hy-
draulic Institute, 1994).  

� Pump/motor alignment check.  
 
Typical energy savings for monitoring and maintenance are estimated to be between 2 and 7% of 
pumping electricity. However, inefficient pumping systems may show higher savings. Paybacks 
are usually immediate to one year (Xenergy, 1998; U.S. DOE/OIT, 2002a). We assume invest-
ments of €0.10/kWh-saved and savings of 5% of pumping energy use. 
 
Reduce Pumping Need. Holding tanks can be used to equalize the flow over the production cy-
cle, enhancing energy efficiency and potentially reducing the need to add pump capacity. In addi-
tion, bypass loops and other unnecessary flows should be eliminated. Each of these steps saves 5 
to 10% of pump system electricity consumption, on average for the U.S. industry (Easton Con-
sultants, 1995).  
 
In smaller, new wineries, a design based on gravity can reduce the need for pumping by locating 
the tanks in such a way that no pumping is needed. The presses are located over the fermentation 
tanks, which are located over the storage facilities (cellar). It is also claimed that such a layout is 
easier on the grapes. Selected wineries are designed on the use of gravity, e.g. Byron (Santa 
Maria), Greystone (Napa), Niebaum-Coppola (Napa), Lemelson Winery (Oregon), and Willa-
kenzie Estate (Oregon) (Hall, 1999). Due to costs, this practice is not recommended for existing 
wineries, but would be applicable to newly designed wineries if the local conditions allow such a 
design. Also, it may not be applicable to all kinds of wine (Hall, 1999). Several wineries special-
izing in Pinot Noir are using this technology where the grape needs a gentler knead. Hence, a 
gravity design may be most applicable to small, specialized wineries. The energy savings are es-
timated at 5-10% of total energy use in wineries. This investment is driven by wine quality and 
not by energy savings, and the additional investments (compared to a standard design) are 
strongly dependent on the site of the winery. 
 
Controls. The objective of any control strategy is to shut off unneeded pumps or reduce load until 
needed. Remote controls enable pumping systems to be started and stopped more quickly and ac-
curately when needed, and reduce the required labour. 
 
In 2000, Cisco Systems (CA) upgraded the controls on its fountain pumps that turn off the pumps 
during peak hours (CEC and U.S. DOE/OIT, 2002). The wireless control system was able to con-
trol all pumps simultaneously from one location. The project saved $32,000 and 400,000 kWh 
annually, representing a savings of 61.5% of the fountain pumps’ total energy consumption. With 
a total cost of $29,000, the simple payback was 11 months. In addition to energy savings, the pro-
ject reduced maintenance costs and increased the pumping system’s equipment life. 
 
Typical energy-efficiency improvement potential is estimated at 30% for control systems, with a 
specific investment of €0.1/kWh-saved. 
 

Correct Sizing of Pump. Pumps that are sized inappropriately result in unnecessary losses. 
Where peak loads can be reduced, pump size can also be reduced. Correcting for pump oversizing 
saves 15 to 25% of electricity consumption for pumping (on average for the U.S. industry) 
(Easton Consultants, 1995). In addition, pump load may be reduced with alternative pump con-
figurations and improved O&M practices.  
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Where pumps are dramatically oversized, speed can be reduced with gear or belt drives or a 
slower speed motor. Paybacks for implementing these solutions are typically less than one year 
(U.S. DOE/OIT, 2002). We estimate the typical savings at 20% with an investment of €0.1/kWh. 
 
Correct Sizing of Pipes. Similar to pumps, undersized pipes also result in unnecessary losses. 
The pipework diameter is selected based on the economy of the whole installation, the required 
lowest flow velocity, the minimum internal diameter for the application, the maximum flow ve-
locity to minimize erosion in piping and fittings and plant standard pipe diameters. Increasing the 
pipe diameter may save energy but must be balanced with costs for pump system components. 
Easton Consultants (1995) and others in the pulp and paper industry (Xenergy, 1998) estimate ret-
rofitting pipe diameters saves 5 to 20% of their energy consumption, on average for the U.S. in-
dustry. Energy savings and investments will depend strongly on the layout of the winery and site. 
 
Correct sizing of pipes should be done at the design or system retrofit stages where costs may not 
be restrictive. This measure is often not cost-effective in existing systems. Therefore, the measure 
is not included in this assessment, but should be considered in the design of a new facility. 
 

More Efficient Pumps.  According to inventory data, about 16% of pumps used in the U.S. are 
more than 20 years old. A pump’s efficiency may degrade 10 to 25% in its lifetime (Easton Con-
sultants, 1995). Newer pumps are 2 to 5% more efficient than older models. However, industry 
experts claim the problem is not necessarily the age of the pump but that the process has changed 
and the pump does not match the operation. Replacing a pump with a new efficient one saves be-
tween 2 to 10% of its energy consumption (Elliot, 1995). Higher efficiency motors have also been 
shown to increase the efficiency of the pump system 2 to 5% (Tutterow, 1999).  
 

A number of pumps are available for specific pressure head and flow rate capacity requirements. 
Choosing the right pump often saves both in operating costs and in capital costs (of purchasing 
another pump). For a given duty, selecting a pump that runs at the highest speed suitable for the 
application will generally result in a more efficient selection as well as the lowest initial cost 
(Hydraulic Institute and Europump, 2001). Exceptions to this include slurry-handling pumps, 
high speed specified pumps or where the pump would need a very low minimum net positive suc-
tion head at the pump inlet.  
 
Precision castings, coatings, polishings. The use of castings, coatings or polishing reduces sur-
face roughness that, in turn, increases energy efficiency. It may also help maintain efficiency over 
time. This measure is more effective on smaller pumps. One case study in the steel industry ana-
lyzed the investment in surface coating on the mill supply pumps (350 kW pumps). They deter-
mined that the additional cost of coating, $1200 (U.S.) would be paid back in 5 months by energy 
savings of $2700 (U.S.) (or 36 MWh, 2%) per year (Hydraulic Institute and Europump, 2001). 
Energy savings for coating pump surfaces are estimated to be 2 to 3% over uncoated pumps (Best 
Practice Programme, 1998). 
 

Use Multiple Pumps. Often using multiple pumps is the most cost-effective and most energy-
efficient solution for varying loads, particularly in a static head-dominated system. Installing par-
allel systems for highly variable loads saves 10 to 50% of the electricity consumption for pump-
ing (on average for the U.S. industry) (Easton Consultants, 1995). Variable speed controls should 
also be considered for dynamic systems. Parallel pumps also offer redundancy and increased reli-
ability.  
 

Trimming impeller (or shaving sheaves). If a large differential pressure exists at the operating 
rate of flow (indicating excessive flow), the impeller (diameter) can be trimmed so that the pump 
does not develop as much head. In the food processing, paper and petrochemical industries, trim-
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ming impellers or lowering gear ratios is estimated to save as much as 75% of the electricity con-
sumption for that pump (Xenergy, 1998). 
 
In one case study in the chemical processing industry, the impeller was reduced from 320 mm to 
280 mm, which reduced the power demand by more than 25% (Hydraulic Institute and Euro-
pump, 2001). Annual energy demand was reduced by 83 MWh (26%). With an investment cost of 
$390 (U.S.), the payback on energy savings alone was 23 days. In addition to energy savings, 
maintenance costs were reduced, system stability was improved, cavitation reduced and excessive 
vibration and noise were eliminated.  
 
In another similar case study, Salt Union Ltd., the largest salt producer in the UK, trimmed the 
diameter of the pump impeller at its plant from 320 mm to 280 mm (Best Practice Programme, 
1996b). After trimming the impeller, they found significant power reductions of 30%, or 197,000 
kWh per year (710 GJ/year), totalling 8,900 GBP (€12,000). With an investment cost of 260 GBP 
(€350), and maintenance savings of an additional 3,000 GBP (€4,600), this resulted in a payback 
of 8 days (11 days from energy savings alone). In addition to energy and maintenance savings, 
like the chemical processing plant, cavitation was reduced and excessive vibration and noise were 
eliminated. With the large decrease in power consumption, the 110 kW motor could be replaced 
with a 75kW motor, with additional energy savings of 58GJ (about 16,000 kWh) per year.  
 
Adjustable Speed Drives (ASDs).  It is important to match the speed of the pump to the load re-
quirement, because energy use is approximately proportional to the cube of the flow rate4. Small 
reductions in flow that are proportional to pump speed may yield large energy savings. However, 
throttling valves should always be avoided. Extensive use of throttling valves or bypass loops 
may be an indication of an oversized pump (Tutterow et al., 2000). ASDs or variable speed drives 
or on/off regulated systems always save energy compared to throttling valves (Hovstadius, 2002). 
In addition, the installation of ASDs improves overall productivity, control and product quality, 
and reduces wear on equipment, thereby reducing future maintenance costs.  
 
According to inventory data collected by Xenergy (1998), 82% of pumps in U.S. industry have no 
load modulation feature (or ASD). Similar to being able to adjust load in motor systems, includ-
ing modulation features with pumps is estimated to save between 20 and 50% of pump energy 
consumption, at relatively short payback periods, depending on pump size, load and load varia-
tion (Xenergy, 1998; Best Practice Programme, 1996a). As a general rule of thumb, unless the 
pump curves are exceptionally flat, a 10% regulation in flow should produce pump savings of 
20% and 20% regulation should produce savings of 40% (Best Practice Programme, 1996a).   
 
Due to the wide variety of pump applications and hence variety in flows in a winery it is difficult 
to estimate typical savings. As a low estimate we assume efficiency improvements of 20% on all 
applicable pumps systems. The payback of installing an ASD depends strongly on the pump size 
and expected savings. Based on audits of wineries in California we assume an average investment 
of €0.3/kWh-saved.  
 

Replace Belt Drives. Inventory data suggest 4% of pumps have V-belt drives, many of which can 
be replaced with direct couplings to save energy (Xenergy, 1998). Based on assessments in sev-

                                                      
4 This equation applies to dynamic systems only. Systems that solely consist of lifting (static head systems) 

will accrue no benefits from (but will often actually become more inefficient) ASDs because they are 

independent of flow rate. Similarly, systems with more static head will accrue fewer benefits than systems 

that are largely dynamic (friction) systems. More careful calculations must be performed to determine 

actual benefits, if any, for these systems.  
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eral industries, including wineries, savings are estimated at 1% of all electricity used in motor 
systems. Investment costs are estimated at €0.10/kWh-saved with a simple payback period of 0.7-
0.8 years. 
 

6.3  Compressed  A i r  

Compressed air is used mainly in the bottling facility, but may also be used elsewhere in the win-
ery (e.g. pressing). In the model winery energy use for compressed air systems is estimated at 7% 
of total electricity use for a winery that has a bottling plant. Energy savings from system im-
provements can range from 20% to 50% or more of electricity consumption (EP, 2004a) for com-
pressed air systems. 
 
Compressed air is probably the most expensive form of energy used in an industrial plant because 
of its poor efficiency. Typically, efficiency for compressed air systems from start to end-use is 
around 10% (LBNL et al., 1998). Because of this inefficiency, if compressed air is used, it should 
be of minimum quantity for the shortest possible time, constantly monitored and weighed against 
alternatives. In addition to the measures detailed below, many other motor-directed measures can 
also be applied to the compressors. Many opportunities to reduce energy in the compressed air 
systems are not prohibitively expensive; payback periods for some options are extremely short. 
 
Maintenance of Compressed Air Systems. Inadequate maintenance can lower compression effi-

ciency and increase air leakage or pressure variability, as well as lead to increased operating 
temperatures, poor moisture control, and excessive contamination. Improved maintenance 
will reduce these problems and save energy. Proper maintenance includes the following 

(LBNL et al., 1998):  

• Regulators sometimes contribute to the biggest savings in compressed air systems. By prop-
erly sizing regulators, compressed air will be saved that is otherwise wasted as excess air. 
Also, it is advisable to specify pressure regulators that close when failing.  

• Keep the compressor and intercooling surfaces clean and foul-free. Blocked filters increase 
the pressure drop. By inspecting and periodically cleaning filters, the pressure drop may be 
kept low. Seek filters with just a 1 psig pressure drop over 10 years. The payback for filter 
cleaning is usually under 2 years (Ingersoll-Rand, 2001). Fixing improperly operating filters 
will also prevent contaminants from entering into tools and causing them to wear out prema-
turely. Generally, when pressure drop exceeds 2 to 3 psig, replace the particulate and lubri-
cant removal elements, and inspect all systems at least annually. Also, consider adding filters 
in parallel that decrease air velocity, and, therefore, decrease air pressure drop. A 2% reduc-
tion of annual energy consumption in compressed air systems is projected for more frequent 
filter changing (Radgen and Blaustein, 2001). However, one must be careful when using coa-
lescing filters; efficiency drops below 30% of design flow (Scales, 2002). 

• Keep motors properly lubricated and cleaned. Poor motor cooling can increase motor tem-
perature and winding resistance, shortening motor life, in addition to increasing energy con-
sumption. Compressor lubricant should be changed every 2 to 18 months and checked to 
make sure it is at the proper level. In addition to energy savings, this can help avoid corrosion 
and degradation of the system. 

• Inspect fans and water pumps for peak performance. 

• Inspect drain traps periodically to ensure they are not stuck in either the open or closed posi-
tion and are clean. Some users leave automatic condensate traps partially open at all times to 
allow for constant draining. This practice wastes substantial energy and should never be un-
dertaken. Instead, install simple pressure driven valves. Malfunctioning traps should be 
cleaned and repaired instead of left open. Some auto drains, such as float switch or electronic 
drains, do not waste air. Inspecting and maintaining drains typically has a payback of less 
than 2 years (Ingersoll-Rand, 2001).  
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• Maintain the coolers on the compressor to ensure that the dryer gets the lowest possible inlet 
temperature (Ingersoll-Rand, 2001).  

• If using compressors with belts check belts for wear and adjust them. A good rule of thumb is 
to adjust them every 400 hours of operation.  

• Replace air lubricant separators according to specifications or sooner. Rotary screw compres-
sors generally start with their air lubricant separators having a 2 to 3 psid pressure drop at full 
load. When this increases to 10 psid, change the separator (LBNL at al., 1998). 

• Check water-cooling systems for water quality (pH and total dissolved solids), flow, and 
temperature. Clean and replace filters and heat exchangers per manufacturer’s specifications.  

• Minimize leaks (see also Leaks section, below). 

• Specify pressure regulators that close when failing.   

• Check applications requiring compressed air for excessive pressure, duration or volume. 
Regulate these applications, either by production line sectioning or by pressure regulators on 
the equipment itself. Use a quality pressure regulator for tools that are not required to operate 
at maximum system pressure. Poor quality regulators tend to drift and lose more air. The un-
regulated tools operate at maximum system pressure at all times and waste excess energy. 
System pressures operating too high also result in shorter tool life and higher maintenance 
costs. Case studies demonstrated that the payback period for this measure would be shorter 
than half year (IAC, 2002). 

 

Monitoring. Proper monitoring (and maintenance) can save a lot of energy and money in com-

pressed air systems. Proper monitoring includes the following:  

• Pressure gauges on each receiver or main branch line and differential gauges across dryers, 
filters, etc. 

• Temperature gauges across the compressor and its cooling system to detect fouling and 
blockages. 

• Flow meters to measure the quantity of air used. 

• Dew point temperature gauges to monitor the effectiveness of air dryers. 

• kWh meters and hours run meters on the compressor drive. 

• Compressed air distribution systems should be checked when equipment has been reconfig-
ured to be sure no air is flowing to unused equipment or obsolete parts of the compressed air 
distribution system.  

• Check for flow restrictions of any type in a system, such as an obstruction or roughness. 
These require higher operating pressures than are needed. Pressure rise resulting from resis-
tance to flow increases the drive energy on the compressor by 1% of connected power for 
every 2 psi of differential (LBNL et al., 1998; Ingersoll-Rand, 2001). Highest pressure drops 
are usually found at the points of use, including undersized or leaking hoses, tubes, discon-
nects, filters, regulators, valves, nozzles and lubricators (demand side), as well as air/lubricant 
separators, after-coolers, moisture separators, dryers and filters.  

• Check for compressed air use outside production hours. 

• Turn off unnecessary compressed air. Equipment that is no longer using compressed air 
should have the air turned off completely. This can be done using a simple solenoid valve 
(Scales, 2002). Check compressed air distribution systems when equipment has been recon-
figured to be sure no air is flowing to unused equipment or obsolete parts of the compressed 
air distribution system.  

 
Repair Leaks. Air leaks can be a significant source of wasted energy. A typical plant that has not 
been well maintained will likely have a leak rate equal to 20 to 50% of total compressed air pro-
duction capacity (Ingersoll Rand, 2001; Price and Ross, 1989). Leak maintenance can reduce this 
number to less than 10%. Overall, a 20% reduction of annual energy consumption in compressed 
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air systems is projected for fixing leaks (Radgen and Blaustein, 2001).  
The magnitude of a leak varies with the size of the hole in the pipes or equipment. A compressor 
operating 2,500 hours per year at 6 bar (87 psi) with a leak diameter of 0.5 mm is estimated to 
lose 250 kWh/year; 1 mm to lose 1100 kWh/year; 2 mm to lose 4,500 kWh/year; and 4 mm to 
lose 11,250 kWh/year (CADDET, 1997a). An Industrial Assessment Center (IAC) study shows 
the payback period for this measure is generally shorter than two months (IAC, 2002). 
In addition to increased energy consumption, leaks can make air tools less efficient, adversely af-
fect production, shorten the life of equipment and lead to additional maintenance requirements 
and increased unscheduled downtime. Leaks cause an increase in compressor energy and mainte-
nance costs. 
The most common areas for leaks are couplings, hoses, tubes, fittings, pressure regulators, open 
condensate traps and shut-off valves, pipe joints, disconnects and thread sealants. The best way to 
detect leaks is to use an ultrasonic acoustic detector, which can recognize the high frequency hiss-
ing sounds associated with air leaks. After identification, leaks should be tracked, repaired and 
verified. Leak detection and correction programs should be ongoing efforts.  
 
Reduce Pressure Drop. An excessive pressure drop will result in poor system performance and 
excessive energy consumption. Flow restrictions of any type in a system, such as an obstruction 
or roughness, require higher operating pressures than are needed. Pressure rise resulting from re-
sistance to flow increases the drive energy on positive displacement compressors by 1% of con-
nected power for each 2 psi of differential (LBNL et al., 1998; Ingersoll-Rand, 2001). Highest 
pressure drops are usually found at the points of use, including undersized or leaking hoses, tubes, 
disconnects, filters, regulators, valves, nozzles and lubricators (demand side), and air/lubricant 
separators on lubricated rotary compressors and after-coolers, moisture separators, dryers and fil-
ters (supply side).  
Minimizing pressure drop requires a systems approach in design and maintenance. Air treatment 
components should be selected with the lowest possible pressure drop at specified maximum op-
erating conditions and best performance. Manufacturers’ recommendations for maintenance 
should be followed, particularly in air filtering and drying equipment, which can have damaging 
moisture effects like pipe corrosion. Finally, the distance the air travels through the distribution 
system should be minimized. An IAC study shows that the payback period is shorter than three 
months for this measure (IAC, 2002).   
 
Reduce compressed air usage. Turn off unnecessary compressed air. Equipment that is no 
longer using compressed air should have the air turned off completely. This can be done using a 
simple solenoid valve (Scales, 2002). Compressed air distribution systems should be checked 
when equipment has been reconfigured to be sure no air is flowing to unused equipment or obso-
lete parts of the compressed air distribution system.  
 
Use sources other than compressed air; many operations can be accomplished more economically 
and efficiently using energy sources other than compressed air. Some industry engineers believe 
this measure has the largest potential for compressed air energy savings. Various options exist to 
replace compressed air use, including:  

� Air motors should only be used for positive displacement.  
� Cooling electrical cabinets: air conditioning fans should be used instead of using com-

pressed air vortex tubes.  
� Flowing high-pressure air past an orifice to create a vacuum: a vacuum pump system 

should be applied instead of compressed air venturi methods. 
� Cooling, aspirating, agitating, mixing, or package inflating: use blowers instead of com-

pressed air 
� Cleaning parts or removing debris: brushes, blowers or vacuum pump systems or nozzles 

that are more efficient should be used instead of compressed air. 
� Moving parts: blowers, electric actuators or hydraulics should be used instead of com-
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pressed air.  
� Blowguns, air lances and agitation: low-pressure air should be used instead of high pres-

sure compressed air.  
� Efficient electric motors for tools or actuators: electric motors should be considered be-

cause they are more efficient than using compressed air (Howe and Scales, 1995). Some, 
however, have reported motors can have less precision, shorter lives, and lack safety. In 
these cases, using compressed air may be a better choice. 

 
Numerous case studies in U.S. industries estimate an average payback period for replacing com-
pressed air with other applications of 11 months (IAC, 2002). 
 
Controls. Because of the large amount of energy consumed by compressors, whether in full op-
eration or not, partial load operation should be avoided. For example, unloaded rotary screw 
compressors still consume 15 to 35% of full-load power while delivering no useful work (LBNL 
et al. 1998). Centrifugal compressors are cost effective when operated at high loads (Castellow et 
al., 1997).  
The objective of any control strategy is to shut off unneeded compressors or delay bringing on 
additional compressors until needed. All units that are on should be running at full-load, except 
for one. Positioning of the control loop is also important; reducing and controlling the system 
pressure downstream of the primary receiver can result in energy consumption of up to 10% or 
more (LBNL, et al., 1998). Energy savings for sophisticated controls are 12% annually (Radgen 
and Blaustein, 2001). Start/stop, load/unload, throttling, multi-step, variable speed and network 
controls are options for compressor controls and described below.  
Start/stop (on/off) is the simplest control available and can be applied to reciprocating or rotary 
screw compressors. For start/stop controls, the motor driving the compressor is turned on or off in 
response to the discharge pressure of the machine. They are used for applications with very low 
duty cycles. Applications with frequent cycling will cause the motor to overheat. Typical payback 
for start/stop controls is 1 to 2 years.  
 Load/unload control, or constant speed control, allows the motor to run continuously but unloads 
the compressor when the discharge pressure is adequate. In most cases, unloaded rotary screw 
compressors still consume 15 to 35% of full-load power while delivering no useful work (LBNL 
et al., 1998). Hence, load/unload controls can be inefficient.  
Modulating or throttling controls allow the output of a compressor to be varied to meet flow re-
quirements by closing down the inlet valve and restricting inlet air to the compressor. Throttling 
controls are applied to centrifugal and rotary screw compressors. Changing the compressor con-
trol from on/zero/off to a variable speed control can save up to 8% per year (CADDET, 1997b). 
Changing the compressor control to a variable speed control can save up to 8% per year 
(CADDET, 1997a). 
Multi-step or part-load controls can operate in two or more partially loaded conditions. Output 
pressures can be closely controlled without requiring the compressor to start/stop or load/unload.  
 
System controls work on multiple compressors. Single master sequencing system controls take 
individual compressor capacities on- and off-line in response to monitored system pressure de-
mand and shut down any compressors running unnecessarily. System controls for multiple com-
pressors typically offer a higher efficiency than individual compressor controls.  
 
Reducing the Inlet Air Temperature. If the airflow is kept constant, reducing the inlet air tem-
perature reduces energy used by the compressor. In many plants, it is possible to reduce inlet air 
temperature to the compressor by taking suction from outside the building. As a rule of thumb, 

each 5°F (3°C) will save 1% compressor energy (CADDET, 1997a; Parekh, 2000). A payback 
period of 2 to 5 years has been reported for importing fresh air (CADDET, 1997a). In addition to 
energy savings, compressor capacity is increased when cold air from outside is used. Case studies 
taken from the IAC database have found an average payback period for importing outside air of 
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shorter than 1.7 years (IAC, 2002).  
 
Adjustable Speed Drive. ASDs better match speed to load requirements for motor operations. 
There are various technologies to control the motor. The systems are offered by many suppliers 
and are available worldwide.  Payback period may vary widely depending on the size of the mo-
tor system and use pattern.  Implementing adjustable speed drives in rotary compressor systems 
can save 15% of the annual energy consumption (Radgen and Blaustein, 2001). 
 
Sizing Pipe Diameter Correctly. Inadequate pipe sizing can cause pressure losses, increase leaks 
and increase generating costs. Pipes must be sized correctly for optimal performance or resized to 
fit the current compressor system. Increasing pipe diameter typically reduces annual energy con-
sumption by 3% (Radgen and Blaustein, 2001). 
 
Heat Recovery for Water Preheating. As much as 80 to 93% of the electrical energy used by an 
industrial air compressor is converted into heat. In many cases, a heat recovery unit can recover 
50 to 90% of the available thermal energy for space heating, industrial process heating, water 
heating, makeup air heating, boiler makeup water preheating, industrial drying, industrial clean-
ing processes, heat pumps, laundries or preheating aspirated air for oil burners (Parekh, 2000). 
It’s been estimated that approximately 52 GJ/hour of energy is available for each 170 m3/hour of 
capacity (at full load) (LBNL et al., 1998). Paybacks are typically less than one year. Heat recov-
ery for space heating is not as common with water-cooled compressors because an extra stage of 
heat exchange is required and the temperature of the available heat is lower. However, with large 
water-cooled compressors, recovery efficiencies of 50 to 60% are typical (LBNL et al., 1998). 
Implementing this measure saves up to 20% of the energy used in compressed air systems annu-
ally, when waste heat is recovered for hot water preparation (Radgen and Blaustein, 2001).  
 

Replace Belt Drives. Inventory data suggests 4% of pumps have V-belt drives, many of which 
can be replaced with direct couplings to save energy (Xenergy, 1998). Based on assessments in 
several industries, including wineries, savings are estimated at 4%. Investment costs are estimated 
at €0.10/kWh-saved with a simple payback period of 0.7-0.8 years. 
 
Minimize Air Compressor Discharge Pressure. Discharge pressure at the air compressor outlet 
should be minimized for each compressor in the winery. Savings and payback periods will vary 
greatly if a compressor is able to be taken offline due to these changes; however we estimate sav-
ings to be 8%, based on an audit performed at a California winery. 
 

6.4  Motors  

Motors and drives are used throughout a winery to operate heating, ventilation and cooling sys-
tems (HVAC), and to drive equipment, the refrigeration system, fans, and pumps. The following 
section applies to any system that uses motors, except for motors used in pumps, compressed air, 
and refrigeration are discussed in other sections.  
 
Using a “systems approach” that looks at the entire motor system (e.g. pumps, compressors, mo-
tors, and fans) to optimize supply and demand of energy services often yields the most cost-
effective savings. A systems approach analyzes both the supply and demand sides and how they 
interact, shifting the focus of the analysis from individual components to total system perform-
ance. This system approach is an important step to establish a company-wide motor efficiency 
policy. This approach includes several steps. First, locate and identify the motors and uses (e.g. 
pumps, fans) used in the manufacturing facility. Secondly, document the conditions and specifica-
tions of these motors. Thirdly, compare the needs and actual use of the system to determine the 
energy consumption rate by the motors, to determine the proper size. After the evaluation, to en-
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able an easier decision making process, collect information on the upgrade or update of the sys-
tem, including the cost of implementation and the anticipated annual savings. The final step is to 
monitor the performance of the upgraded/updated system and determine the actual costs savings 
(SCE, 2003). The measures identified below reflect aspects of this systems approach including 
matching speed and load (variable speed drives), sizing the system correctly, as well as upgrading 
system components. 
 
Maintenance. The purposes of motor maintenance are to prolong motor life and to foresee a mo-
tor failure. The maintenance measures can be categorized as preventive and predictive ones. The 
preventive measures, to avoid the unexpected downtime of motors, include electrical considera-
tion, voltage imbalance, motor ventilation, alignment, lubrication, and load consideration. The 
predictive maintenance programs are to observe temperature, vibration, and other data for the de-
termination of a time to overhaul or replace a motor (Barnish et al, 1997). The saving by conduct-
ing regular maintenance could range from 2% to 30% of total system energy use (EP, 2004b). 
 
Sizing of motors. Motors and pumps that are sized inappropriately result in unnecessary energy 
losses. Where peak loads can be reduced, motor size can also be reduced. Correcting for motor 
over-sizing saves 1.2% of motor electricity consumption applied (on average for the U.S. indus-
try), and even larger percentages for smaller motors (Xenergy, 1998) and can be higher for indi-
vidual motor systems.  
 
High-Efficiency Motors and Drives. High efficiency motors reduce energy losses through im-
proved design, better materials, tighter tolerances and improved manufacturing techniques. With 
proper installation, energy-efficient motors run cooler and consequently have higher service fac-
tors, longer bearing and insulation life and less vibration.  
 
Typically, high efficiency motors are economically justified when exchanging a motor that needs 
replacement, but are not economically feasible when replacing a motor that is still working 
(CADDET, 1994; Price and Ross, 1989). Sometimes, though, according to case studies by the 
Copper Development Association (CDA, 2000), even working motor replacements can be benefi-
cial. The payback period for individual motors varies based on size, load factor and running time. 
The best savings are achieved on motors running for long hours at high loads. When replacing re-
tiring motors, payback periods are typically less than one year from energy savings alone (LBNL 
et al., 1998). The payback period is generally less than 3 years, depending on how long the motor 
is used. 
 
Adjustable speed drives. ASDs better match speed to load requirements for motor operations. 
There are various technologies to control the motor. The systems are offered by many suppliers and 
are available worldwide. Worrell et al. (1997) provide an overview of savings achieved with ASD 
in a wide array of applications and depended on the flow pattern and loads. The savings may vary 
between 7 and 60%. Payback period may vary widely depending on the size of the motor system 
and use pattern. Case studies of ASDs on cooling tower fans, ventilation equipment have demon-
strated payback periods of around 2 years.  
 
Replace Belt Drives. Inventory data suggests 4% of pumps have V-belt drives, many of which 
can be replaced with direct couplings to save energy (Xenergy, 1998). Based on assessments in 
several industries, including wineries, savings are estimated at 4%. Investment costs are estimated 
at €0.10/kWh-saved with a simple payback period of 0.7-0.8 years. 
 

6.5  Light ing  

Lighting is used either to provide overall ambient light throughout the manufacturing storage and 
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office spaces or to provide low bay and task lighting to specific areas. High-intensity discharge 
(HID) sources are used for manufacturing and storage areas, including metal halide, high-pressure 
sodium and mercury vapour lamps. Fluorescent, compact fluorescent (CFL) and incandescent 
lights are typically used for task lighting and offices. As an energy savings measure, lighting con-
trols should be used in all areas of the plant.  
 
In wineries, the share of electricity for lighting use may vary between 8 and 20%, depending on 
the efficiency of the lighting installed, the type of lighting and other electricity uses. In this study 
we assume that the average winery may use 12% of all electricity for lighting. Lighting may be 
subdivided in lighting in warehouses and production facilities, offices and public spaces, and ex-
terior lighting. Note that improved lighting efficiency in cooled spaces will also reduce the cool-
ing demand. 
 
Switch off lights when not occupied. An energy management program that aims to improve the 
awareness of personnel with regard to energy use can help to switch off lights and other equip-
ment when not in use.   
 
Replace incandescent lights with fluorescent lights or compact fluorescent lights (CFL). The 
fluorescent lamp lasts roughly ten times longer than an incandescent light and is three times more 
effective in lighting provided. Typical energy savings are 50-75% per lamp. The payback period 
for the replacement varies with the number of hours that the lamps are used, but can be as low as 
five months. We estimate the typical investments at €0.20/kWh-saved. 
 
Replace magnetic ballasts with high frequency electronic ballasts. A ballast is a mechanism 
that regulates the amount of electricity required to start a lighting fixture and maintain a steady 
output of light. Electronic ballasts save 12-30% power over their magnetic predecessors (Cook, 
1998; EPA, 2001). New electronic ballasts have smooth and silent dimming capabilities, in addi-
tion to longer lives (up to 50% longer), faster run-up times and cooler operation (Eley et al., 1993; 
Cook, 1998). New ballasts also have automatic switch-off for faulty or end of life lamps.  
 
We assume 25% typical savings when replacing a magnetic ballast by an electronic ballast. Total 
energy savings will depend on the number of magnetic ballasts still in use in the winery. Typical 
energy savings are estimated at 8% of total electricity use for lighting. The typical investments 
are estimated at €0.12/kWh-saved.  
 
Replace T-12 tubes with T-8 tubes. T-12 refers to the diameter in 1/8-inch increments (T-12 
means 12/8 inch or 3.8 cm diameter tubes). The initial output for T-12 lights is high, but energy 
consumption is also high. They also have extremely poor efficacy, lamp life, lumen depreciation 
and colour rendering index. Because of this, maintenance and energy costs are high. Replacing T-
12 lamps with T-8 lamps (smaller diameter) approximately doubles the efficacy of lighting. Also, 
T-8 tubes generally last 60% longer than T-12 tubes saving maintenance costs. Typical energy 
savings from the replacement of a T-12 by a T-8 are around 30%. Based on experiences with sev-
eral industrial facilities, the investment costs for replacing T-12 by T-8 and electronic ballasts are 
estimated at €0.25-0.30/kWh-saved. 
 
It is important to remember, however, to work both with the suppliers and manufacturers on the 
system as a whole through each step of the process. There are a number of T-8 lights and ballasts 
and the correct combination should be chosen for each system.  
 
Replace standard metal halide HID with high-intensity fluorescent lights. HID lights are 
typically used in large production spaces and loading docks. Traditional HID lighting can be re-
placed with high-intensity fluorescent lighting. These new systems incorporate high-efficiency 
fluorescent lamps (T-5), electronic ballasts and high-efficacy fixtures that maximize output to the 
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workspace. Advantages of the new system are many: lower energy consumption, lower lumen 
depreciation over the lifetime of the lamp, better dimming options, faster start-up and restrike ca-
pability, better colour rendition, higher pupil lumens ratings and less glare (Martin et al., 2000).  
High-intensity fluorescent systems yield 50% electricity savings over standard metal halide HID. 
Dimming controls that are impractical in the metal halide HIDs can also save significant energy 
in the new system. Retrofitted systems cost about $185 per fixture, including installation costs 
(Martin et al., 2000). Specific investments are estimated at €0.16/kWh-saved. In addition to en-
ergy savings and better lighting qualities, high-intensity fluorescents can help improve productiv-
ity and have reduced maintenance costs.  
 
Replace Mercury Lights by High Pressure Sodium Lights. In industries where colour rendi-
tion is critical, metal halide lamps save 50% compared to mercury or fluorescent lamps (Price and 
Ross, 1989). Where colour rendition is not critical, high pressure sodium lamps offer energy sav-
ings of 50 to 60% compared to mercury lamps (Price and Ross, 1989). High pressure sodium and 
metal halide lamps also produce less heat, reducing HVAC loads. In addition to energy reduc-
tions, the metal halide lights provide better lighting, provide better distribution of light across 
work surfaces, improve colour rendition and reduce operating costs (GM, 2001). 
 
Reduce Voltage of HID Lights. Reducing system voltage can also save energy. Toyota put in 
reduced voltage HID-lights and found a 30% reduction in lighting (Toyota, 2002). There are com-
mercial products on the market that attach to a central panel switch (controllable by computer) 
and constrict the flow of electricity to fixtures, thereby reducing voltage and saving energy, with 
an imperceptible loss of light. Voltage controllers work with high intensity discharge (HID) and 
fluorescent lighting systems. Various systems are on the market, e.g., EnergySaver, Wattman and 
others. 
Energy savings will depend on the number of hours that a light is used. Energy savings will vary 
between 15 and 35%. We estimate typical energy savings at 15% of lighting energy use in a win-
ery. The investment costs depend on the size of the lighting system and number of controllers 
needed. A single voltage controller unit can be used with up to 400 lighting fixtures, depending 
on the size of the unit and the distance between fixtures. Prices for the units vary, from €500 to 
€15,000 (2000 prices), depending on the electrical load. Typical payback for lights that are used 
24 hours/day is less than one year. We assume typical costs of €0.30/kWh-saved. 
 
Exit Signs - Light Emitting Diodes (LEDs). Energy costs can be reduced by switching from in-
candescent lamps to LEDs or radium strips in exit sign lighting. An incandescent exit sign uses 
about 40W, while LED-signs may use about 4-8W, reducing electricity use by 80-90%. A 1998 
Lighting Research Center survey found that about 80 percent of exit signs being sold use LEDs 
(LRC, 2001). The lifetime of a LED exit sign is about 10 years, compared to one year for incan-
descent signs, reducing maintenance costs considerably. In addition to exit signs, LEDs are in-
creasingly being used for path marking and emergency wayfinding systems. Their long life and 
cool operation allows them to be embedded in plastic materials, which makes them perfect for 
these applications (LRC, 2001).  
A new LED-exit sign costs about €20-30/piece. Kits are sold to retrofit the lamps in existing exit 
signs for similar prices. The payback period can be as low as 6 months.  
An alternative is the Tritium exit sign that is self-luminous, and do not need any power supply. 
The lifetime of these signs is estimated at about 10 years, while the costs are €200/piece or more. 
The high capital costs make this type of sign attractive for new construction or if no power supply 
is available. 
 
Lighting controls. Lights can be shut off during non-working hours by automatic controls, such 
as occupancy sensors, which turn off lights when a space becomes unoccupied. Manual controls 
can also be used in addition to automatic controls to save additional energy in small areas. Other 
lighting controls include daylight controls for indoor and outdoor lights, including HID-lights 
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used in loading bays and other production space.  
Occupancy sensors can save up to 10 or 20% of the lighting energy use. Savings are estimated at 
2.4% of total electricity use for lighting at a typical winery facility. Numerous case studies 
throughout the United States indicate average payback period for lighting controls is approxi-
mately 1.1 years. Based on the assessments we estimate the total costs (including installation) at 
€0.15/kWh-saved. 
 
Daylighting. Daylighting is the efficient use of natural light in order to minimize the need for ar-
tificial light in buildings. Increasing levels of daylight within rooms can reduce electrical lighting 
loads by up to 70% (Caddet, 2001). Unlike conventional skylights, an efficient daylighting sys-
tem may provide evenly dispersed light without creating heat gains. The reduced heat gains will 
reduce the need for cooling compared to skylights. Daylighting differs from other energy effi-
ciency measures because its features are integral to the architecture of a building, and so is ap-
plied primarily to new buildings and incorporated at the design stage. However, existing buildings 
can be cost-effectively refitted with daylighting systems. Various daylighting systems are avail-
able on the market; some of which can be supplied as kits to retrofit an existing building. 
Daylighting can be combined with lighting controls to maximize its benefits. Because of its vari-
ability, daylighting is almost always combined with artificial lighting to provide the necessary il-
lumination on cloudy days or after dark. Daylighting technologies include properly placed and 
shaded windows, atria, angular or traditional (flat) rooflights, clerestories, light shelves and light 
ducts. Clerestories, light shelves and light ducts utilize angles of the sun and redirect light with 
walls or reflectors. 
Not all parts of the winery may be suitable for the application of daylighting. Daylighting is most 
appropriate for those areas that are used in daytime hours by people. This may include parts of the 
winery, bottling facility, offices, tasting room and parts of the warehouses. Lighting in office and 
similar spaces may consume as much as 2% of total winery electricity use. In office spaces, day-
lighting may save between 30 and 70% (Caddet, 2001). The savings will vary widely depending 
the facility and buildings. As general guidance we estimate the typical savings on 14% of total 
lighting electricity use in a typical facility. 
Daylighting systems will have a payback period of around 4 years, although shorter paybacks 
have been achieved. We estimate typical investments at €0.50/kWh-saved. 
 

6.6  Hot Water  Supply 

Boilers are the heart of the hot water generation system, and substantial efficiency improvements 
are feasible here. Boilers are also the main fuel user within the winery. Wineries will mainly use 
hot water for cleaning, heating of tanks for malolactic fermentation, and for preheating wine be-
fore bottling or after cold-stabilization. The main efficiency measures are listed below. These 
measures center on improved process control, reduced heat loss and improved heat recovery. Fur-
thermore, cogeneration (potentially combined with absorption cooling) can offer additional bene-
fits (see below). 
 
Ozone cleaning barrels. Barrel cleaning consumes around 6 litres of warm water per barrel. 
Moving to an ozone cleaning system (see water efficiency opportunities) eliminates the use of hot 
water for barrel cleaning.  
The degree of application is selected in the water efficiency sheet. The marginal costs are zero as 
the costs of the measure have already been accounted with water efficiency. 
 
Improved boiler maintenance. A simple maintenance program to ensure that all components of 
the boiler are operating at peak performance can result in substantial savings. In the absence of a 
good maintenance system, the burners and condensate return systems can wear or get out of ad-
justment. Fouling of the fireside of the boiler tubes or scaling on the waterside of the boiler 
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should also be controlled. These factors can end up costing a steam system up to 20-30% of initial 
efficiency over 2-3 years (DOE, 2001a). We estimate a 10% possible energy savings on average 
(DOE, 2001a). Improved maintenance may also reduce the emission of criteria air pollutants. 
Numerous case studies estimate an average payback period for boiler maintenance of approxi-
mately 8 months. 
 
Reduce flue gas volume. Often excessive flue gas results from leaks in the boiler and the flue. 
This reduces the amount of heat transferred to the steam, and increases pumping requirements. 
These leaks are often easily repaired. Savings amount to 2-5% of the energy formerly used by the 
boiler (DOE, 2001b). The payback period is between 1 and 2 years. 
Flue gas monitors maintain optimum flame temperature and monitor carbon monoxide (CO), 
oxygen and smoke, by controlling the amount of inlet air. The oxygen content of the exhaust gas 
is a combination of excess air (which is deliberately introduced to improve safety or reduce emis-
sions) and air infiltration (air leaking into the boiler). By combining an oxygen monitor with an 
intake airflow monitor, it is possible to detect even small leaks. A small 1% air infiltration will 
result in 20% higher oxygen readings. A higher CO or smoke content in the exhaust gas is a sign 
that there is insufficient air to complete the fuel burning. Using a combination of CO and oxygen 
readings, it is possible to optimize the fuel/air mixture for high flame temperature (and thus the 
best energy efficiency) and lower air pollutant emissions. We assume that this measure can be 
applied to large boilers only because small boilers will not make up the initial capital cost as eas-
ily.  
 
Reduce excess inlet air. The more air is used to burn the fuel, the more heat is wasted in heating 
this air rather than in producing steam. Air slightly in excess of the ideal stoichiometric fuel/air 
ratio is required for safety, and to reduce NOx emissions, but approximately 15% is adequate 
(DOE, 2001a; Ganapathy, 1994). Poorly maintained boilers can have up to 140% excess air, but 
this is rare. Reducing this boiler back down to 15% even without continuous automatic monitor-
ing would save 8% of total fuel use. The vast majority of boilers already operate at 15% excess 
air or lower, and thus this measure is not considered significant (Zeitz, 1997). However, if the 
boiler is using excess air, numerous case studies indicate an average payback period for this 
measure of 8 months. A rule of thumb often used is that boiler efficiency can be increased by 1% 

for each 15% reduction in excess air or 40°F (22°C) reduction in stack gas temperature (DOE, 
2001a). CIPEC (2001) estimates reducing oxygen (O2) in the flue gas by 1% increases boiler ef-
ficiency by 2.5%.  
 
Correct sizing of boiler. Correctly designing the boiler system at the proper steam pressure can 
save energy by reducing stack temperature, reducing piping radiation losses and reducing leaks in 
traps and other sources. In a study done in Canada on 30 boiler plants, savings from this measure 
ranged from 3% to 8% of the total gas consumption (Griffin, 2000). Savings were greatest when 
the pressure is reduced below 70 psig.  
If hot water demand varies widely over time, it may be beneficial to ‘cascade’ a number of 
smaller boilers. With increasing hot water demand, more boilers will run. The advantage is that 
the boilers will always run near its peak efficiency at full load. Cascading boiler systems, using 
multiple boilers sized for domestic applications, are used by commercial facilities in The Nether-
lands and Belgium These systems result in reduced purchase costs (due the purchase of a mass-
produced boiler), reduced need for spare capacity, as well as reduced operation costs. These sys-
tems are only applicable to small wineries, and need to be properly designed and operated by a 
computerized energy management system.  
The energy savings for properly sizing of boilers is estimated at 8% of boiler fuel use. The pay-
back period will depend strongly on the size and age of the existing boiler(s), as well as fuel 
prices. For calculation purposes we assume a payback period of 3 years. Only a detailed assess-
ment of the specific boiler(s) will provide a more correct cost estimate. 
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Improve insulation of boiler. It is possible to use new materials that insulate better, and have a 
lower heat capacity (and thus warm up faster). Savings of 6-26% can be achieved if this improved 
insulation is combined with improved heater circuit controls. Improved control is required to 
maintain the output temperature range of the old firebrick system. Because of the ceramic fiber’s 
lower heat capacity, the output temperature is more vulnerable to temperature fluctuations in the 
heating elements (Caffal, 1995). An additional benefit is that heating is more rapid when starting 
the boiler. Several case studies estimate an average payback period for this measure of about 1 
year.  
 
Solar Water Heating. A solar boiler uses solar energy to (pre-) heat the water in a solar collec-
tor. Solar boilers have mainly been designed for small-scale household applications or to heat 
pools. However, for small wineries a solar boiler may be a good alternative. The harvesting sea-
son sees a major part of the water use for cleaning (excluding year-round operation of a bottling 
facility), and this is also a time with large availability of sunlight. A solar boiler may reduce the 
costs of hot water supply by up to 40-80%, strongly depending on the current hot water supply. 
Electric water heating is typically the most expensive option, followed by propane-fired systems, 
while natural gas is typically the cheapest hot water supply option. Most wineries will use natural 
gas as fuel for the hot water supply, which will limit the profitability of installing a solar water 
heater. For those systems, we estimate a payback period of 8 years. For electric systems the pay-
back period may be as low as 2-4 years. A solar hot water system needs to be optimized for the 
specific location and application. Only an onsite assessment can provide a better estimate of the 
savings and profitability. When considering a solar water heater, a specialized contractor should 
be hired to advise on the installation specifications. 
 
Return condensate. Reusing the hot condensate in the boiler saves energy, reduces the need for 
treated boiler feed water and reclaims sensible heat savings. Usually fresh water must be treated 
to remove solids that might accumulate in the boiler, and returning condensate can substantially 
reduce the amount of purchased chemical required to accomplish this treatment. The fact that this 
measure can save substantial energy costs and purchased chemicals costs makes building a return 
piping system attractive. We assume a 10% energy savings and found an average payback period 
of about 1.1 years.   
 
Re-locate boiler to most efficient location. Transport of hot water will lead to energy losses in 
the piping. While energy losses can be reduced (see below) the location of the boiler near the ma-
jor hot water uses (e.g. bottling line, malolactic fermentation tanks) would minimize the transport 
losses. Assuming a well-maintained hot water distribution network the savings by minimization 
of transport distance are estimated at 5%. The costs will strongly depend on the local conditions 
and layout of the winery. We assume a payback period of 3 years. 
 
Repair leaks in distribution piping. Distribution pipes themselves often have leaks that go un-
noticed without a program of regular inspection and maintenance. In addition to saving 3% of en-
ergy costs, having such a program can reduce the likelihood of having to repair major leaks, thus 
saving even more in the long term (DOE, 2001a). Average payback period from several case 
studies is estimated at about 4 months. 
 
Maintain insulation hot water piping. It is often found that after heat distribution systems have 
undergone some form of repair, the insulation is not replaced. In addition, some types of insula-
tion can become brittle or rot under normal wear. As a result, a regular inspection and mainte-
nance system for insulation can save energy (Zeitz, 1997). Exact energy savings and payback pe-
riods are unknown and vary based on the existing practices. 
 
Insulate hot water distribution pipes. Using more insulating material or using the best insula-
tion material for the application can save energy in hot water and steam systems. Crucial factors 
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in choosing insulating material include low thermal conductivity, dimensional stability under 
temperature change, resistance to water absorption and resistance to combustion. Other character-
istics of insulating material may also be important depending on the application. These character-
istics include tolerance of large temperature variation and system vibration and compressive 
strength where insulation is load bearing (Baen and Barth, 1994). Improving the insulation on the 
existing U.S. stock of heat distribution systems would save an average of 3-13% in all systems 
(DOE, 2001a). CIPEC (2001) estimates that insulating a 1 metre long 10 cm steam pipe can be 
paid back in less than 6 months. For hot water systems we estimate the payback period at 1 year. 
 
Heat exchanger replaces tank water heating. After wines are done fermenting, wines are gen-
erally heated to 10 to 12 ºC for bottling (so that the labels stick). For wineries that do on-site bot-
tling, using a heat exchanger in the pre-bottling area more efficiently warms the wine while re-
ducing water consumption and lowering maintenance costs. Fetzer Vineyards installed a heat ex-
changer in its winery and found energy savings of 69%. 
 

6.7  Other  Measures  – Fue l  

 
Weekend setback temperatures. Setting building temperatures lower during the winter or 
higher during the summer over the weekend and during non-production times for appropriate 
buildings (e.g. office buildings during the weekend) can save energy by reducing heating or cool-
ing needs. Hundreds of case studies in the IAC database (2002) estimate costs to be very small. 
Averaging the IAC case studies shows typical investment per GJ saved to be just over €1. 

6.8  Other  Measures  – E lectr i c i ty  

 

Energy Management Systems. Changing how energy is managed by implementing an organiza-
tion-wide energy management program is one of the most successful and cost-effective ways to 
bring about energy efficiency improvements. 
An energy management program creates a foundation for positive change and provides guidance 
for managing energy throughout an organization. In companies without a clear program in place, 
opportunities for improvement may be known but may not be promoted or implemented because 
of organizational barriers.  A successful program in energy management begins with a strong 
commitment to continuous improvement of energy efficiency. This involves assigning oversight 
and management duties to an energy director, establishing an energy policy, and creating a cross-
functional energy team. Steps and procedures are then put in place to assess performance, through 
regular reviews of energy data, technical assessments and benchmarking. From this assessment, 
an organization is able to develop a baseline of energy use and set goals for improvement. Per-
formance goals help to shape the development and implementation of an action plan. An impor-
tant aspect for ensuring the successes of the action plan is involving personnel throughout the or-
ganization. Personnel at all levels should be aware of energy use and goals for efficiency. Staff 
should be trained in both skills and general approaches to energy efficiency in day-to-day prac-
tices. In addition, performance results should be regularly evaluated and communicated to all per-
sonnel, recognizing high achievement.   
Evaluating performance involves the regular review of both energy use data and the activities car-
ried out as part of the action plan. Information gathered during the formal review process helps in 
setting new performance goals and action plans and in revealing best practices. Establishing a 
strong communications program and seeking recognition for accomplishments are also critical 
steps.  Strong communication and receiving recognition help to build support and momentum for 
future activities. 
The potential savings achieved through an energy management system vary widely. Conserva-
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tively, we assume that winery-wide savings of 3% are possible through increased attention (be-
sides the potential savings from specific measures described elsewhere). 
 
Efficient transformers. Wineries may have various transformers onsite to produce low voltage. 
Transformers may have losses equivalent up to 3%. By replacing the transformers by more en-
ergy efficient models, energy losses can be reduced by roughly 30% (depending on the typical 
load of the specific transformer).  
 
Power factor correction systems. Computers, variable speed drives, welding arcs and other 
equipment can lead to poor power quality. The distortion of the harmonics can lead to an in-
creased energy bill and reduced efficiency (through increased generation of heat) while heavily 
distorted harmonics may damage equipment. The losses may vary widely from one site to an-
other, depending on the electricity end uses and maintenance of the equipment.  We assume that 
on average the losses are in the order of 2-3%. Installing power factor management (or filters) 
may reduce these losses. The payback period of installing harmonic filters depends on the capac-
ity, and may vary between 12 and 18 months. We conservatively assume a payback period of 18 
months. Alternatively, when purchasing equipment, compliance with IEEE Standard 519 is im-
portant (see http://www.ieee.org/portal/site for more information).  
 
Power management office equipment. Office equipment (e.g. computers, copiers), while small 
in a winery, are often left on overnight or during periods that they are not used. Many office 
equipment has power management software to turn off (or down) equipment after a set period of 
time. However, often this is not properly installed. Surveys of after-hours use of equipment have 
found that generally 50% of the computers in small businesses is not turned off or down 
(Roberson et al, 2004). A monitor turned down uses only 10% of the energy of a monitor without 
power management options installed. Properly installing the software or controls may lead to sav-
ings of 50% or more (assuming 10 hours of use/day, and going to sleep mode).  Furthermore, 
turning equipment off manually may lead to additional savings (up to 10%). This has been cov-
ered by the measure Energy Management Systems. 
 
Electronic controls to turn off equipment. Electronic controls can be as simple as on/off 
switches to be switched off during non-operating hours. According to the IAC database (2002), 
implementation costs range from €150 for simple controls to almost €3000 for industry specific 
controls on industrial equipment and HVAC. We assume an average cost of implementation from 
all of the case studies in the IAC database affecting electricity use, likely a conservative estimate 
for simple HVAC controls. 
 
Waste water treatment – anaerobic digestion. Generally, winery wastewater is aerobically 
treated in ponds, using a considerable amount of electricity for aeration. After many years of re-
search and experimentation worldwide, technologies have been developed that allow anaerobic 
digestion of winery wastes. Various wineries in France, South Africa, Australia and the U.S. use 
the technology to treat wastewater.  
In the U.S., the Canandaigua Winery (New York) has installed the first anaerobic digestion sys-
tem in 1997, and since then expanded the system. The system reduced electricity consumption for 
wastewater treatment by approximately 7,160 kWh/day, or 68% compared to the previously used 
aerobic pond system. The biogas generated in the digester is used to heat the digester. Excess gas 
could be used for power generation. Furthermore, the system resulted in reduced costs for sludge 
disposal, due to the reduced sludge volume (Quinn, 2002).  This has resulted in a cost reduction 
for wastewater treatment of €0.03/case. 
Investment costs for an anaerobic digestion system are relatively high, but the benefits may war-
rant the investments. Typically, the payback period of anaerobic digesters in agriculture is be-
tween 3 and 7 years based on experiences of the AgStar program (AgStar, 2004). The investments 
for the Canandaigua Winery were not available, as the project was financed by the technology 
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provider (now called Ecovation, Inc.). 
 
Photovoltaics. Photovoltaic (PV) cells directly generate electricity from solar light. Although the 
technology is still expensive (but coming down in price continuously), PV generates power dur-
ing the peak of demand (e.g. during the crush, and the middle of the day). This reduces peak de-
mand and may offset high power rates. Furthermore, PV systems do not generate any emissions, 
last for 20 years or longer, have no movable parts, and require little maintenance. PV systems are 
generally installed as rooftop systems, so that they do not use any additional space. Many winer-
ies in the EU have installed PV-systems. The PV systems not only reduce electricity demand, 
they contribute to sustainable development of the winery and a positive public image. 
Check your local energy company or government to see if there are rebates available for PV pan-
els.  
 

6.9  Combined Heat  and  Power  Product ion (CHP)  

Cogeneration is a viable option for many wineries. The existence of simultaneous power, heating 
(hot water) and cooling loads make cogeneration an attractive option. A cogeneration system con-
sists of a prime mover and heat recovery equipment. The use of adsorption or absorption coolers 
allows the use the generated heat to be used for cooling. For most wineries the suitable prime 
movers are the more traditional reciprocating engines and more advanced microturbines. 
 
Reciprocating engines (e.g., diesel engines) convert fuel to shaft power, which then spins a gen-
erator. Diesel generators have long been used to generate small amounts of electricity at indus-
trial, commercial, and institutional sites, either for continuous use or for backup in case of utility 
power failure. Reciprocating engines are the dominant independent generation technology for 
small installations, accounting for 47% of sites but only 2% of the power generation. This type of 
system is most commonly found in the food products industry.   
 
Traditionally, engines needed a lot of maintenance, had less reliability, and could potentially emit 
relatively large amounts of NOx. Recent developments in engine design have increased power ef-
ficiency and reliability, while dramatically reducing the emissions of these engines. These new 
designs can use a variety of liquid and gas fuels, including natural gas. For emissions reasons, 
natural gas-fired engines have become dominant for continuous operation applications (i.e., not 
emergency generators). The electric efficiency of gas engines varies from 30-37% (LHV), with 
larger engines having the higher efficiency. Total system efficiencies for cogeneration applica-
tions vary between 69% and 78% (Goldstein et al., 2003). 
 
Microturbines are a new class of small combustion turbine engines, ranging in size from 25 kW to 
500 kW of electric generating capacity. Like the current class of industrial turbines, which were 
developed using jet engines as a model, these devices are derived from several types of turbo-
machinery, including aircraft auxiliary power units and industrial gas compressors. Like their lar-
ger siblings, microturbines can run on a variety of liquid and gaseous fuels, with natural gas pro-
jected to be the most common. They come in several physical configurations, which represent 
tradeoffs in cost and performance. Simple-cycle microturbines (used for power generation alone) 
have an efficiency of 23-26%, LHV (Goldstein et al., 2003). When used in a cogeneration or 
combined heat and power (CHP) system, the fuel conversion efficiency exceeds 60% (Goldstein 
et al., 2003). The leading domestic suppliers of micro turbines are Capstone and Ingersoll-Rand, 
and a few European (e.g., Bowman) and Japanese manufacturers (e.g., Mitsubishi, Toyota) also 
supply the U.S. market. 
 

Table 5 provides an overview of typical characteristics and performance indicators for small-scale 
cogeneration systems. 
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Table 5. Technical  and Economic Character ist ics of smal l-sca le cogenerat ion tech-

nologies  Source: Goldstein et  al. ,  20035.   

 Reciprocating Engines Microturbines 

Electric capacity (kW) 100 300 30 100 

Heat production (kW) 164 445 54 136 

Power/heat ratio 0.61 0.67 0.52 0.62 

Fuel equivalent of electricity (kJ/kWh, HHV) 12,075 11,515 15,825 13,836 

Electrical Efficiency (%, HHV) 30 31 25.1 26.0 

Total CHP efficiency (%, HHV) 78 77 67 62 

Net Heat rate (kJ/kWh) 4,743 4,892 7,162 7,694 

Installed Costs (€/kW) 1,350 1,160 2,636 1,769 

O&M Costs (€ /kWh) 0.018 0.013 0.02 0.015 

Average costs of power produced (€/kWh) 0.068 0.059 0.098 0.086 

Note: The average cost of power production will depend strongly on the natural gas price. The values in the 

table are based on a natural gas price of €3.8/GJ (2003). 

 
A cogeneration system should be optimized based on the demand for cooling and heating. A care-
ful analysis of energy consumption data for a number of years is necessary to scale the system to 
the needs of the site. Generally, the system will be designed to meet the base load, while peak 
demand during the crush (for fermentation) will be met with additional cooling equipment. 
 
Adsorption/absorption cooling is a technology to use the recovered heat from the cogeneration 
unit to provide cooling. The cooling can be used for fermentation tanks, and for other parts of the 
winery depending on demand. In absorption refrigeration cycle, vapour compression is dispensed 
by dissolving the low pressure vapour in a liquid, pumping the solution to high pressure and gen-
erating high pressure vapour by heating the high pressure solution. Ammonia/water is most com-
mon vapour/liquid solution. Typically it requires waste heat at about 120 ºC or higher to drive the 
system. Absorption coolers can be found in different wineries and at varying scales. In the US, E. 
and J. Gallo uses a 500 ton absorption chiller at its Modesto facility for the cooling of stored 
wine. 
 
In contrast, adsorption cooling utilizes the capacity of certain substances to adsorb water on their 
surface, from where it can be separated again with the application of heat. Adsorption units use 
hot water from the cogeneration unit. It can be driven by lower temperatures, typically around 90 
ºC. These systems do not use ammonia or corrosive salts, but use silica gel, reducing mainte-
nance. Adsorption units were originally developed in Japan (by e.g. Mycom and Nishiyodo Ku-
chou) and but now have a proven track record at selected sites in Europe. 
 
The thermal performance of both systems is similar with a COP (coefficient of performance) be-
tween 0.68 and 0.75, and capital costs are comparable. However, the reliability of an adsorption 

                                                      
5 Costs are converted, based on the average exchange rate in the period 2000-2003, where 1 US Dollar 

($) is equal to 1.0 Euro (€). 
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unit is expected to be better, and maintenance cost is expected to be lower. 
 
In 2003, a winery in the US installed two 120 kW microturbines (Capstone C60) to supply power 
to the winery, hot water and cooling. The cooling is provided by an adsorption unit using the hot 
water generated by the micro turbines. The system is sized to meet the base load heating and 
cooling needs. Extra cooling needed during fermentation is provided by a traditional cooling sys-
tem. The system allows a reduction of electricity demand during the summer peak, reducing the 
electricity rates for the winery. The winery received financial support for the cogeneration system 
from the utilities. The investments are around $400,000. A rebate of $200,000 reduced the pay-
back period of the system to an estimated at 2-3 years (Coggan, 2004). 
 

6.10   Water  Ef f i c iency  Opportuni t ies  

 

General Water Measures 
 
Water Management Plan. Like energy efficiency, we expect changing how water is managed by 
implementing an organization-wide water management program to be one of the most successful 
and cost-effective ways to bring about water efficiency improvements. 
 
A water management program creates a foundation for positive change and provides guidance for 
managing water throughout an organization. In companies without a clear program in place, op-
portunities for improvement may be known but may not be promoted or implemented because of 
organizational barriers.  A successful program will have a water managing director and/or a water 
efficiency team, promoting water efficiency within the winery. Water should be metered and per-
formance monitored. Performance should be assessed regularly through reviews of the data, tech-
nical assessments and benchmarking. Performance goals should also be set. Personnel throughout 
the winery should be aware of water use and goals for efficiency.  
 
North Carolina's Department of Environment and Natural Resources Division of Pollution Pre-
vention and Environmental Assistance (2005) outlines 6 steps to a successful water efficiency 
program:  
1. Establish commitment and goals 
2. Line up support and resources 
3. Conduct a water audit 
4. Identify water management options 
5. Prepare a plan and implement schedule 
6. Track results and publicize success.  
 
According to California Sustainable Winegrowing Alliance, of wineries that have implemented a 
comprehensive water conservation program, monitored and recorded total use, set yearly goals 
and set up a water team, about 1/3 found savings of 15% and 2/3 found savings of 10% (CSWA, 
2004). We conservatively assume a 5% savings for any winery that sets up a water conservation 
program, assuming most wineries have implemented some conservation measures already and not 
all savings will be realized immediately. 
 
Repair Leaks. Facilities require ongoing leak detection and repairs if they are to maintain water 
efficiency. Leak detection should include all water uses and connections, including meters, water 
distribution lines, piping and connections for fixtures, appliances, process water, cooling water, 
hot water and landscaping. We assume repairing leaks applies to all water used, and do not split 
up this measure among the different processes. We leave this up to the user in the application po-
tential box (column B in the WE-Water Sheet in AMETHYST).  
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A variety of leak detection equipment is available, including leak detection services, water test 
flow kits (about €600-€1100) and portable metering devices (about €700-€1100). Generally, the 
costs per litre saved are negligible. 

 

General Cleaning 

 

Sweeping floors before water washing. Sweeping floors of large solid debris before washing 
with water will save water. We estimate a 20% savings of water used for washing floors in the 
crush pad, barrel room and bottling facilities. We assume 10% of the water used in those areas is 
for cleaning surfaces that could be swept. Costs are negligible (brooms, potentially slightly longer 
labour hours) compared to the cost of the litres of water saved for this measure. 
 
High Pressure nozzles with automatic shutoff devices. Installing high pressure nozzles with 
automatic shutoff devices can reduce water use by limiting water use from the hoses used for 
cleaning. According to Vickers (2001), these nozzles cost between €10 to €25 per nozzle, and 
savings can be as much as 40%. We assume savings of 40% that applies to 80% of the water used 
in the winery, crush pad, and storage areas, 10% of the water used in the barrel rooms, and 10% 
of the water used in bottling. 

 

Barrel Cleaning 

 
High pressure nozzle - tank cleaning. High pressure nozzles can provide more precise cleaning 
in a shorter time, using less water in the process. One model by Gamajet uses as little as 8 GPM 
for 1.5 minutes, cleaning a whole barrel with just 45 litres of water. Compare this with a typical 
sprayball which uses 95 litres per barrel. We estimate savings to be about 40% of all water used 
in barrel cleaning. We estimate about 80% of the water used in the barrel room is used to wash 
barrels, and 10% is used for floors and other cleaning (and 10% is for humidifiers). Gamajet costs 
$2,200 for their high pressure barrel washers. Multiple high pressure nozzles will be needed for 
wineries with more than one nozzle per tank cleaning line. 
 
Ozone tank cleaning of barrels. Ozone cleaning can eliminate the need for hot water use for 
barrel cleaning, reducing water use by 50%. We estimate typical water use for barrel cleaning at 6 
litre/case. Various suppliers provide (mobile) ozone generators. Ozone is a toxic gas. It is made 
onsite and on demand by a generator. This eliminates the risks of storage. Personnel using the 
ozone cleaning process should be properly trained. 
 
Automatic cleaning systems. Automatic cleaning systems can combine high pressure and hot 
water in an automated system, reducing water use by as much as 80% compared to un-automated 
spray balls. Gamajet sells automated systems beginning at $9650. Other systems are produced by 
Tom Beard and Process Engineers and sell for about $26,000 to 27,000. We assume a typical 
two-barrel system will cost about $20,000 and will save 50% of water used in barrel washing. 
 

Cooling Tower 
Alternative sources of make-up water. Wineries that can reuse water from another process should 
consider using it in cooling make-up water. Water that is treated on site might be suitable for 
make-up water, though water softening treatment may be necessary to avoid phosphate scale 
build-up. One large project in the Netherlands set up a system amongst 9 companies, reusing 
process water for cooling water (European Environmental Press, 2000). They found costs of 
about 4 € per m3 saved with a payback of about 4 months. These costs are an estimate as actual 
costs will vary depending on how much additional treatment is required, if any, and what kind of 
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piping is needed to supply the cooling water. 
 
Replace single pass cooling system with cooling tower. As the name implies, once-through cool-
ing systems use water once and dispose of it. Conversely, cooling towers recycle water within the 
tower, saving 90 to 95% of the water used in single pass systems. A hospital replaced their single 
pass systems with cooling towers for around EUR 5,500 and found savings of 8,000 m3 per year. 
Similarly, an ink manufacturer replaced its single pass system and found 80% savings. We used 
these studies to estimate costs of water saved, and estimated savings to be 90% of all cooling wa-
ter used in single pass systems (Vickers, 2001). 
 
Reduce bleed off in cooling tower. By allowing higher concentrations of suspended and dissolved 
solids in the circulating water, bleed-off in the cooling tower is reduced, saving water. Of course, 
required quality regulations must be maintained. Adjusting the physical or chemical treatment of 
circulating water increases the cycles of concentration. The goal is to achieve the maximum num-
ber of cycles without forming scales. A reasonable goal in most cases is to achieve at least six cy-
cles of concentration. Typical concentration ratios are two to three (North Carolina Department of 
Environment and Natural Resources Division of Pollution Prevention and Environmental Assis-
tance, 2004). We conservatively assume most wineries that have not implemented this measure 
will begin at a concentration cycle of three. Typical savings achieved by increasing concentration 
cycles from 3 to 6 are about 20%.  (Savings achieved by increasing cycles from 2 to 6 are 40%).  
 
The Ventura Coastal Plant which processes citrus fruit increased the concentration ratio of its 
cooling towers and evaporative coolers to 5, reducing bleed-off by 50% and saving almost 20 m3 
per day (Department of Water Resources, California, 2004), with capital costs of around EUR 
5,000, the payback period is about 7 months.  
 
Operate bleed off continuously/install controls. Cooling towers are usually bled off automatically 
in batches when the mineral concentration or conductivity reaches a certain level (Vickers, 2001). 
The batch method can result in wide fluctuations in bleed-off volumes without proper controls. 
Operating the cooling tower on a continuous basis to maintain conductivity can minimize water 
use during bleed-off. According to North Carolina's Department of Environment and Natural Re-
sources Division of Pollution Prevention and Environmental Assistance, installing controls can 
help achieve optimal bleed-off. Submeters can be installed on most cooling towers for less than 
€1000. We assume a 5% reduction in cooling water requirements by implementing this measure. 
 
 
Evaporative Cooling 

 

Replace non-recirculating evaporative coolers. Similar to cooling towers, once-through evapo-
rative coolers use water only once and dispose of it. Conversely, recirculating evaporative coolers 
recycle water saving 70% of the water used in single pass evaporative coolers. Air cooled units 
save even more water.  
 
A hospital installed a recirculating cooling water system and found savings of 32,000 m3 per year. 
Purchase and installation costs were around EUR 19,500 and savings totalled around EUR 55,000 
per year, yielding a 4-month payback (Vickers, 2001). We used this study to estimate costs of wa-
ter saved, and estimate savings to be about 70% of all cooling water used in once-through sys-
tems. 
 
Reuse bleed-off water in evaporative cooling. Like the cooling tower, bleed-off water in evapo-
rative cooling should be minimized while maintaining discharge standards. We assume costs and 
savings similar to those for the cooling tower. 
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Hot Water 

 
Reduction of make-up water by reduction in energy use. Reducing the overall hot water re-
quirements in the boiler not only saves energy but also reduces the need for treated boiler feed 
water. Usually fresh water must be treated to remove solids that might accumulate in the boiler, 
so this measure can substantially reduce the amount of purchased chemicals required to accom-
plish this treatment, as well as the amount of water needed. The fact that this measure can save 
substantial energy costs, water costs and purchased chemicals costs makes reducing make-up wa-
ter a particularly attractive measure.    
 
The degree of application is coupled to the measures on the energy efficiency sheet EE-hot water, 
hot water measures for energy efficiency. The marginal costs for reduction of water use are as-
sumed to be zero, as all costs are assigned to hot water energy efficiency measures. The amount 
of water savings is also linked the amount of energy saved, already calculated on the EE-hot wa-
ter sheet. 
 
Return Condensate/Used Water. Reusing the hot condensate in the boiler saves energy, reduces 
the need for treated boiler feed water and reclaims sensible heat savings. Usually fresh water must 
be treated to remove solids that might accumulate in the boiler, and returning condensate can sub-
stantially reduce the amount of purchased chemical required to accomplish this treatment, as well 
as the amount of water needed. The fact that this measure can save substantial energy costs, water 
costs and purchased chemicals costs makes building a return piping system attractive.    
 
The degree of application is coupled to the return condensate measure in the sheet on EE-hot wa-
ter, hot water measures for energy efficiency. The marginal costs for reduction of water use are 
assumed to be zero, as all costs are assigned to hot water energy efficiency measures. We assume 
a 20% savings of hot water is possible by returning condensate. 
 
Humidifiers 

 
Controls and water supply valves. We assume a 10% savings in water due to controls and water 
supply valves. We also assume about 10% of the water used in the barrel rooms is used for hu-
midification. TrueFog, USA manufactures complete control systems for $3290. 
 
Efficient humidifier models. Low flow but better dispersive models can save water in humidifi-
cation. We assume 10% of the water used in the barrel room is used for humidifiers, and that 50% 
of this can be saved by installing more efficient humidifier models. Efficient humidifier models 
should include adjustable water supply valves to control water flow. 
 
Caves for barrel storage. The typical loss due to evaporation from the barrel in Northern Cali-
fornia is around 15 litres per barrel/year (Lewis and Leech, 2004). Caves maintain a constant hu-
midity of 70-90%, and hence reduce the need for humidification for barrel storage. The degree of 
application is coupled to the area for which a cave is constructed as defined in the section on re-
frigeration measures. The marginal costs for reduction of water use are assumed to be zero, as all 
costs are assigned to refrigeration. 

 
Miscellaneous 

 
Efficient toilets and building appliances. Standard toilets use 3.5 gpf. Water efficient (low-
flow) designs use only 1.6 gpf. Studies have shown that water use is reduced by 19% on average 
due to low-flow toilets (http://www.epa.gov/owm/water-efficiency/toilets.htm). Experiences in 
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various cities have demonstrated of these measures have payback periods of about 1 year. We as-
sume similar characteristics for other water efficiency measures, not used directly in the produc-
tion process. 
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7   Instructions and tool  documentation 

 
AMETHYST allows you to evaluate the energy and water efficiency of your winery by bench-
marking energy and water intensity against an efficient reference winery. The reference winery is 
based on existing and proven practices and technologies. The reference winery simulates the pro-
duction of the same products using the characteristics that you enter for your winery, however, 
using the most efficient technology. This will provide a score, called the Energy Intensity Index 
(EII) or Water Intensity Index (WII), which is a relative indication of the performance of your 
winery. 
 
After evaluating the performance of your winery, you can evaluate the impact of selected energy-
and water-efficiency measures by choosing the measures that you would likely introduce in your 
winery, or would like to evaluate for potential use. You select the degree or share of implementa-
tion for each of the measures, and AMETHYST will calculate the overall energy and water sav-
ings, cost savings, payback period and a re-calculated EII and WII. 
 

7.1  Discla imer  and appl icab i l i ty  

 
Disclaimer 

AMETHYST is designed for wineries producing the wine types discussed in the previous chapter. 
The calculation of the Energy and Water Intensity Index is based on comparison with a bench-
mark winery that has been modelled based on the assumptions summarized in the previous chap-
ter. It can be that your winery has certain characteristics that make the evaluation of the water and 
energy performance less accurate and creates results for the EII and WII that at first sight seem  
unrealistic or wrong. Water use has for example been modelled having a refrigeration system in 
mind with a water cooling tower and energy use for heating has been assumed to be delivered via 
fuel combustion and not via e.g. electric heating or heat pumps.  
 
If winery-specific characteristics make the calculation of the EII and WII less accurate, 
AMETHYST can still contribute to improvements in the energy and water efficiency of your 
winery. Many of the energy- and water efficiency measures might still be applicable for your 
winery.  
 
 
Computer Requirements 

BEST Winery is designed for use in Excel using a PC with Windows 2000 or Windows XP. After 
opening the AMETHYST model, you will be asked to save it with a different file name on your 
computer. 
 

7.2  Using  AMETHYST step-by-step  

 
An Excel workbook consists of a number of worksheets. Data from the input sheets is used for 
calculations throughout the workbook. After completing a worksheet, you will be automatically 
transferred to the next worksheet by pressing a button on the worksheet. In the following, we 
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walk through the worksheets of AMETHYST step-by-step. 
 
Input Sheet 

In the Input Sheets you enter all essential information to enable benchmarking of your winery. 
AMETHYST assumes standard industry practices for fermentation and other process steps. If you 
wish to change these to simulate the practices at your winery, you must also fill in the worksheet 
"Optional_Input”.  
 
Only fill in the ORANGE cells! They will turn yellow once you entered data. Cells with other 
colours are calculated from input data. 
 
1.  In the input_Region&Wine_types sheet you first need to select the region where your 

winery is located and the types of wine your winery is producing. 
2.  In the Input_Production worksheet, you need to enter the annual production volumes of 

the different production steps in your winery. AMETHYST distinguishes nine types of 
wine. Note that the input is for a 12 month period. Wine stored should be based on ca-
pacity utilized on average throughout the 12 months, not the entire capacity of your 
storage rooms. There is a separate optional inventory sheet that can help you calculate 
the amount of wine stored. If process steps are not applicable for you winery, enter 0 
values at appropriate places.  

3.  In the Input_Energy&Water worksheet, you fill in the energy consumption separately 
for each fuel and electricity, as well as water. You also need to fill in the energy and wa-
ter costs. Please fill these in for a full calendar year (12 months). 

4.  Choose whether or not you treat your own wastewater onsite. Answer yes or no from 
the drop-down menu.  

5.  In all the input sheets, press the “continue” button when you finished entering your data. 
 
Optional Input 

The Optional Input sheet allows you to tailor the production process of the reference winery to 
the production process of your winery. The sheet already contains default values, equal to values 
typical in most wineries (see previous chapter). If you do not change the values in the yellow 
cells, the model will automatically use these values. If these values reflect or are close to your op-
erating practices, there is no need to change them. If they do not, enter new numbers in the appro-
priate cells.  
 
The table follows the production process of a winery, and allows you to change the data to reflect 
the operating conditions of your winery: 
 
1.  Enter the parameters of the building containing the fermentation tanks. The default 

value is based on a typical layout and tank distribution of a winery requiring 1.5 m2 
floor area per 1000 liters of wine produced.   

2.  Enter also the area of the office buildings of your winery, including the area of e.g. 
laboratories, visitor’s centres etc. the default value is based on a typical winery having 
office buildings of 0.15 m2 per 1000 liters of wine produced. 

3.  For each wine type, enter the typical pre-fermentation cold treatment conditions, includ-
ing temperature, cold treatment time and tank dimensions. 

4.  For thermovinification of red wine, enter the typical conditions during thermovinifica-
tion. 

5.  For each wine type, enter the typical fermentation conditions. 
6.  For the sparkling wines, enter the typical second fermentation conditions. 
7.  For each wine type, enter the typical malolactic fermentation conditions in case 

malolactic fermentation takes place in tanks. 
8. For each wine type, enter the typical malolactic fermentation conditions in case 
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malolactic fermentation takes place in barrels. 
9.  For each of the wine types, enter the typical stabilization conditions.  
10.  By pressing on the button “Continue”, AMETHYST will calculate the energy and water 

intensity of your winery and compare these to the benchmark values. AMETHYST will 
open the key_results sheet. 

 
Key Results 

The key results page shows the Energy Intensity Index (EII) and Water Intensity Index (WII). 
The EII and WII are measurements of the total production energy and water intensity of your 
winery compared to a benchmark energy intensity. The EII and WII are used to calculate the en-
ergy and water efficiency potential at your winery. In the sheet with key results, the potential is 
given by comparing the current energy and water costs of your winery (expressed per 1000 liter 
of wine produced) with the energy and water costs of a benchmark winery.   
 
Results benchmark winery 

By pressing the button “Continue”, you proceed to detailed results for the benchmark winery. The 
energy and water use per process step are given as well as the share in the total energy and water 
use of the benchmark winery.  
 
Improvement potentials  
By pressing the button “Continue”, you proceed to a more detailed calculation of the energy and 
water efficiency improvement potential at your winery. First, you see how the EII and WII are 
exactly calculated from the energy and water use of your winery and that of the benchmark win-
ery.  The gap between actual energy and water intensity and the reference level energy and water 
consumption can be viewed as the technical energy-efficiency potential or water-efficiency poten-
tial of your winery which are also given. AMETHYST provides an estimate of the potential for 
annual energy savings (for electricity, fuel and in primary energy terms), energy costs savings, 
carbon dioxide (CO2) emission reduction. For the CO2 calculations, the average European elec-
tricity mix for 2001 – 2003 is assumed as default, but you can choose to use the national value in-
stead via the yellow box. Both values are taken from a publication by the International Energy 
Agency (IEA, 2005). Emission factors for fuels are also given, taken from the guidelines for na-
tional greenhouse gas emission inventories (IPCC, 2006).  
 
 
Energy efficiency opportunities 

 
To continue to evaluate your opportunities for energy and water-efficiency improvement, press 
the button “Continue”. 
 
Once the EII has been calculated, BEST Winery can be used to preliminary evaluate the potential 
for energy and water efficiency improvement, by going through a menu of opportunities. The 
menu is broken into different energy and water uses: 
- Water Efficiency (WE_Water) 
- Energy Efficiency – Refrigeration (EE_Refrigeration) 
- Energy Efficiency – Pumps (EE_Pumping) 
- Energy Efficiency – Compressed Air (EE_Compressed air) 
- Energy Efficiency – Motors (EE_Motors) 
- Energy Efficiency – Lighting (EE_Lighting) 
- Energy Efficiency – Hot Water and Heat Supply (EE_Hot_Water) 
- Energy Efficiency – Other Fuels (EE_Other_fuels) 
- Energy Efficiency – Other Electric (EE_Other_electric) 
- Energy Efficiency – Cogeneration (EE_CHP) 
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Each of the sheets contains a menu of efficiency opportunities, including typical energy and/or 
water savings, capital costs and payback period of that measure. You will need to specify the 
share of the total energy and water use used for that specific end-use to which the measure can 
still be applied, under "potential application". 
 
By right-clicking on the cell with the measure name you can read a brief description of the spe-
cific measure. The information is also contained in the companion report. For each measure, typi-
cal energy or water savings, capital costs and payback period are provided. The measures span a 
wide range of applicability, both in system type and in design and operation, i.e. for new con-
struction to maintenance. The estimates for energy or water savings and costs are necessarily 
based on past experiences in the wine and other industries; however, actual performance and very 
specific characteristics for the user’s winery may go beyond the capabilities of AMETHYST and 
change the results. Hence, AMETHYST gives an estimate of actual results for a preliminary 
evaluation of cost effective projects for the user’s winery; for a more detailed and exact assess-
ment, a specialized engineer or contractor should be consulted. 
 
The sheet will add the savings of the individual measures and provide a total savings estimate, as 
well as an average payback period. This information is transferred to the “ASSESSMENT 
RESULTS” sheet (see below). 
 
In some sheets, e.g., lighting, pumping, motors, you have the ability to prepare an inventory of all 
lights, pumps or motors to help estimate the applicable share to which a measure can still be ap-
plied or to determine a more detailed estimate of energy use for that specific end use. You do not 
need to fill in the inventory, but it can help you to improve the estimate of the potential of effi-
ciency improvement. If the inventory tables are not used, AMETHYSTdetermines a typical en-
ergy use for that end-use (expressed as energy use per case of wine produced). 
 
After selecting the efficiency measures and opportunities for each end-use, press the button “Con-
tinue”. This will open the next sheet with efficiency measures.  The final "continue" button will 
open the Assessment Results Worksheet.  
 
Assessment Results 
The Assessment Results sheet provides the final results of the self-assessment of the potential for 
energy and water efficiency improvement. 
 
The sheet will report the actual EII and WII, as well as what the EII and WII would be after all 
the selected energy and water-efficiency measures would be implemented. 
 
It also reports on the technical potential (based on the EII and WII) and cost reductions, as were 
reported in the “RESULTS” sheet. 
 
The sheet also summarizes the cumulative potential savings of the selected measures. 
AMETHYST provides an estimate of the annual energy and water savings, annual cost savings, 
cumulative capital costs, average payback period (of the selected package of measures) and re-
ductions in CO2 emissions. 
 
The saving and cost estimates are based on a survey of the literature and many projects. However, 
actual savings and costs will vary from project to project. BEST Winery is intended to help you 
select the most important or cost-effective projects for your winery, and to make a preliminary 
evaluation of these measures. Only a detailed assessment by a project engineer or a contractor can 
provide an exact estimate of the savings and costs of your specific project. 
 
Press the button “Continue” to go to the ENERGY_RESULTS and WATER_RESULTS Work-
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sheets.   
 
ENERGY_RESULTS and WATER_RESULTS  
 
BEST Winery provides three tables: 1) electricity measures you've selected; 2) fuel measures 
you've selected; and 3) water measures you've selected. These three tables contain all the meas-
ures that you have selected for each of those three categories, as well as estimated savings, costs 
and payback periods. 
 
Pressing the "Continue" button on the ENERGY_RESULTS Worksheet will take you to the 
WATER_RESULTS Worksheet. The Continue button on the WATER_RESULTS Worksheet 
will take you to the References Worksheet. 
 
References 

The References Worksheet provides all references used in AMETHYST.  
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