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Abstract: Barrel making, as one of the oldest human woodworking activities with a millennial tradition, dates back to 2600 
BC, and the first barrels discovered in Europe date from the Iron Age. Although closely related to the production of wine and 
spirits, wooden barrels were used in many ways – from the production, transportation and storage of food to the maturation 
and storage of different types of alcoholic beverages. Nowadays, wooden barrels have remained an indispensable part of the 
alcoholic beverage ware due to their unique characteristics that affect the quality of the product. Today, barrels are still an 
expensive end-product because of their specific and relatively complicated method of production, and therefore alternatives 
are being found in other materials that seek to achieve the same quality and aroma of alcoholic beverages. Although the use 
of alternative solutions has been successful in some segments, there is currently no way that completely replaces all the 
characteristics that a good wooden barrel gives to its product as it matures. In addition, due to the specific method of 
production of the wooden barrel, precisely determined by the raw material and technique, the method of their production has 
remained unchanged for centuries. In history, everything was made entirely by hand, using a specific tool to facilitate part of 
the design process. Nowadays, we see an increasing use of automated technology and CNC machines, with a small 
proportion of manual work. This paper presents an overview of the production process and the advancement of wood barrel 
production technology throughout history, as well as its contemporary appearance and capabilities in today's modern 
facilities. 
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1. HISTORY OF BARREL MAKING 
 

Wine conservation and aging is practice that has been used since antiquity. Coopering is traditional 
process of making watertight containers out of separate pieces of wood called staves. This is a highly skilled craft 
and was much in demand in past times. Traditionally, coopers were apprenticed, studying under a master cooper 
for a considerable time, until they had learnt the craft sufficiently and were able to work independently. However, 
it is tightly related with wine and alcoholic beverages, wooden vessels made by coopers were used widely – for 
manufacturing, transportation and storage of food to all kinds of alcoholic beverages. They influence the product 
that they contain and give the final product (alcohol) distinct characteristics like flavours, aroma and colours. The 
most common barrel size in winemaking is the French style 225 litres called barrique, and the American style 190 
litres. Barrique is distinct for its use of oak as a primary material and special charring process, which gives wine 
it's unique characteristics. In the past, people did not think of charring as a part of the process that gives positive 
qualities to barrels and wine. Although we can notice greater use of stainless steel than wooden casks in today's 
times (mostly because of its lower price), oak barrels have remained irreplaceable vessels for aging quality wines 
(Lucić, 2017; Kilby, 2004; Vivas, 2005). 

 
 

1.1. About the barrel 
 
The factors that people considered many years ago when they had to choose the tree species to use for 

wine storage were its wood strength, large trunk diameter for economical production, straight and clean wood 
with no defects or knots to enable clean-cut staves with low chance of leaking, good flexibility and absence of 
negative undesirable extraction components which might be transmitted from the wood into the wine. The 
ultimate wood, which meets all the mechanical factors as well as the desired aroma, is oak (Margalit, 2012; 
Feuillat and Keller, 1997). While building a barrel, cooper can use American or European oak. Species of 
European oak that is most commonly used for building a barrique barrel is pedunculate oak (Quercus robur L.), 
because of its unique microscopic and chemical characteristics. It has tight grain, high concentration of water-
soluble extractable compounds and a great content of extractable tannin, which gives a spicier character to 
wines. Only two 225 l barriques can be manufactured from the heartwood of a tree of 80 – 120 years of age. 
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Larger barrels have thicker staves, giving better insulation and less permeability (***, 1995; Miller et al., 1992; 
Clarke and Bakker 2004; Snowdon et al., 2006; Spillman et al. 1997; Towey and Waterhouse, 1999). 

 

 

Figure 1. Wooden barrel and part names (source: Web 1) 

 

The starting point in barrel construction are long pieces of oak called staves. Not all staves in a barrel have 
the same width. The widest stave in a barrel (or one of the widest) is the one where bunghole is drilled later in the 
process. This is where liquid enters and exits the barrel. Bilge, quarter and head hoops fastened around the 
staves by rivets are what keep casks intact (Kilby, 2004; Vivas, 2005). 

 
 

2. COOPERS TECHNOLOGY 
 

In the past, the whole production process was done manually, by hand. Figure 2 shows some of the tools 
used by coopers. Nowadays, almost everything can be done by machines, i.e. automatically. 

 

Figure 2. Tools used by a cooper in the past - A. hollow knife; B. cresset; C. adze; D. backing knife; E. axe; F. 
hammer and driver; G. trussing adze (source: Kilby, 2004) 

 

 
The whole process can be done by programmable robots (even transportation and manipulation of barrels) 

(figure 3). The only part of the process that stayed more or less manual is checking the barrels water tightness. 
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Figure 3. Robots used for barrel manipulation (source: Web 2) 

 

2.1. Splitting, drying and shaping the staves 
 
First, the trunk is sawn into logs of the desired stave length of about 90-95 cm for the 225 l barrels. 

European oak must be split rather than sawn to preserve water tightness (which is not the case with American 
oak because of their anatomical differences). Each log is then split radially with hydraulic wedge or an axe at the 
cross section of the log, so that sections are split along the natural rays of the wood. Splitting the wood prevents 
leaking from medullary rays, but it is much more expensive than sawing because it is a manual operation and 
also produces more waste materials than exact cutting with a saw. The lumber is required to be quarter cut or as 
shown in the figure 4. This cut ensures that the orientation of the growth tings is in the right direction and the 
barrel has enough stability and leakproofness. It also divides the boards into wide and narrow pieces. The short 
pieces will become ends and the long will become staves from which the curvature of the cask is made. Only the 
heartwood is used for making the staves. The quarts are then being split to staves, so that from each quart 
several staves can be produced (Kilby, 2004; Lucić, 2017; Margalit, 2012; Maršić, 2009; Tao et al., 2013). 

The staves are seasoned outdoors (open air drying with exposure to rain and sun) for two to three years 
before being carefully shaped. It is because of the tannins, which are polyphenolic biomolecules that bind to and 
precipitate proteins and various other organic compounds including amino acids and alkaloids, that are 
responsible for bitterness (Miller et al, 1992; Clarke and Bakker, 2004). They are seasoned outdoors so rain, wind 
and sunlight can naturally influence the wood and wash excess tannins away. The staves are dried to a residual 
moisture content of 16-18 % (Margalit, 2012). If the wood is not dried enough when the barrels are made, they 
will shrink later and will not hold wine without leakage. This process is not suitable for drying kilns. 

 
Figure 4. Macroscopic characteristics of trunks cross section (source: Kilby, 2004)  

 
In smaller production workers examine each piece of wood for significant knots or thin spots that might 

compromise barrel integrity. Today, that can be done with a machine that automatically classifies undesirable 
wood defects (using cameras and lasers). The exact shape of the staves is vital, because when they are brought 
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together and curved into shape, the barrel must be watertight, without any gluing or mechanical fixing of the 
staves.  

First, the surfaces of the wood are planed. This brings back the lighter colour of the wood and removes all 
the dirt from the outer layer of the staves. The cross section of the final stave is a trapezoid, because the 
circumference of the barrel inside is smaller than the outside. The top and the bottom of the stave is narrower 
than the middle, because the barrel is wider in the middle than on the ends. This can be done using two different 
machines, automatic stave planer and CNC stave jointing machine, or by an automatic stave planer and jointing 
machine. In the past, all of this was done by hand using specialised tools (figure 2), and it required a lot of skill 
and practice (Kilby, 2004; Lucić, 2017; Maršić, 2009; Vivas, 2005).  

 

 
Figure 5. Macroscopic characteristics of trunks cross section (source: Web 3) 

 
 

2.2. Shaping the cask 
 
Cooper assembles wide and narrow staves into a temporary steel ring that holds the staves into place. He 

has to make sure that the wide and narrow staves are distributed evenly around the circle otherwise, the forces 
that hold the barrel together will also be uneven. In that case, the areas with less pressure are likely to leak (Kilby, 
2004; Lucić, 2017; Maršić, 2009).  

Heat or steaming is used to help bend the staves, in conjunction with pressure from metal hoops. If one 
would just bend the barrel into shape, the staves would break, and the barrel would be lost. The raised barrels 
are put upside down with the wide end to the bottom, and then treated with hot steam which is blown trough the 
staves to make them closer to plastic state. A worker can then put on the second temporary steel ring. Another 
two thick steel rings are added, and the barrel is heading for the heat treatment (charring). This part of the 
process is still done manually. Once the barrel is constructed, it is charred over a flame. Headless barrels are 
placed over small fires to be “toasted” on the inside. Customers determine their desired level of toast. The level of 
toast matters in terms of the flavour impact on the wine that will be stored in it. The lighter the toast, the higher the 
tannin impact with lighter-tone flavours: amaretto, vanilla, pastry. As the toast is longer or at a higher temperature, 
the tannin impact is reduced and there are even lower-tone flavours: brown sugar, caramel, toffee, and as you get 
into a heavy toast, dark chocolate and coffee (Herjavec et al., 2005; Clarke and Bakker, 2004; Snowdon et al., 
2006; Spillman et al., 1997; Towey, 1997). This was done with a cresset which was put in the middle of the cask 
in which fire was lit using wood waste made in the production process (figure 6 – left) (Kilby, 2004). Today, it can 
be done with a charring machine, which uses natural gasses to produce fire, while the barrel is automatically 
rotated in place (figure 6 - right).  
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Figure 6. Charring with a cresset and a charring machine (source: Web 3/left; Web 5/right) 
 
 

2.3. Barrel head and hoops 
 
A worker crafts the heads, which are fitted onto the barrel and sealed in the groove, or the “croze”, with a 

natural or food – grade synthetic paste. First, the surfaces of the wood are planed. This was done by hand with a 
tool called bench plane. Today we use automatic surface planer machine. Afterwards a machine drills holes into 
the sides of the planks and wooden dowels are inserted on one side. This can be done manually, or by a 
programmable robot. In the past, coopers used a hand drill or a dowelling stock to drill out the holes for the 
dowels (Kilby, 2004). Pieces of wood can now be fitted together. This is done with the help of sliding clamps or, in 
today's times, a hydraulic press machine. These pieces are dowelled to a square shape of flat oak wood. This 
square is then cut into a perfect circle with a rounded edge. This was done by hand with a handsaw or a bow 
saw, but today, we can use a vertical band saw machine or a CNC machine (Lucić, 2017; Maršić, 2009). The 
heads can be charred (but not necessarily) in the open flame oven for about 90 seconds.   

Galvanized iron is used to form the hoops comes in coils that are run through a machine that cuts them to 
the proper length, punches holes for the rivets, and slightly flares the iron (figure 7, right). In smaller productions 
this is done by hand (figure 7, left) (Kilby, 2004).  

 

  
Figure 7. Bending barrel hoops by hand (left) and mobile hoop splayer (right) 

(source: Kilby, 2004/left, Web 6/right) 

 
 

3.  FINAL ASSEMBLY OF A BARREL 
 

After charring, barrel has to be cool down before production process can be continued. During the cooling, 
the barrel shrinks. If the hoops would be put on before it cools down, the barrel would shrink and the hoops would 
fall off, resulting in the collapse of the barrel (Margalit, 2012). The hoops are removed from the middle of the 
barrel and the outside is sanded. This was or can be done by hand, using sandpaper, but in these days 
producers use hand grinders (belt grinders) or machines specialised for sanding a barrel (figure 8/left). 
Temporary hoops are being replaced with 6-8 galvanized iron hoops and knocked into position. This was done 
manually with a hammer and a chive. Today, we have machines that can press hoops back into place. That kind 
of machine is called the hooper (figure 8/middle). When the barrel is assembled, it must be crozed for the heads 
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to be put in the place. This is done by the heavy-duty barrel crozer (automatic or manual) (figure 8/right). In the 
past this was done with a chiv and a hose (Kilby, 2004). 

Once a barrel is assembled, heads are placed at both sides and a bunghole is drilled into one of the wider 
staves, right in the middle between the heads. This was done manually with a hand drill. Today, a laser can be 
used to mark the point where the bunghole will be drilled. After the bunghole is in place, the barrel undergoes 
pressurized water testing to detect leaks (Kilby, 2004). Water is filled into the barrel, and it is then rotated so that 
the water touches all the staves and the barrel become wet on the inside. Air pressure is added (1-2 bar) and the 
barrel is checked to see if there are any leakages (Lucić, 2017). If there is a leak, water bubbles will be formed on 
the surface. It is important to keep the barrel wet, because if the barrel dries out, the wood shrinks, and the 
stability and airtightness of the barrel is in danger. From there it is off to a final inspection station. If it passes, it is 
loaded onto a truck and shipped to the distillery, where it is filled with raw wine almost immediately. If a barrel 
does not pass the airtightness test, it goes of the cooper station. Here the most experienced workers of the plant 
repair the broken barrels. Cracks can appear if the barrel is not properly manipulated during the production 
process. Heads are being replaced as a whole or the trenches are cut a bit deeper. If a stave is cracked, they 
replace the individual stave. Small leaks are repaired, and the cask is returned to the testing station. 

 

        
Figure 8. Barrel sanding machine (left), the hooper and heavy-duty barrel crozer (right) 

(source: Web 7/left; Web 5/middle; Web 6/right) 

After the barrel has been tested, the production process is over. The rest depends on the winemakers and 
their maintenance.  

 

4. DISCUSSION AND CONCLUSION 
 

Although the whole process can be automatized (except fixing the cracks and leaks which has to be done 
by a master cooper), every barrel is unique and should be treated that way. High automatization of the production 
process is beneficial for the producer, from the financial point of view and produced quantity, but this influences 
the final product which requires individual approach. Some of the actions like shaping the stave, planning, crozing 
and sanding are time saving if done by a machine, but selecting better side of a stave, charring and fixing the 
leaks cannot be done without appropriate human intervention. A wine barrel is a very expensive final product, and 
it should be treated that way during the manufacturing process. There’s no better tool than human experience 
when producing a wooden wine barrel. The moment of truth comes a few years later, when the sum of all the 
time, hard work, and attention detail that went into making the barrel reveals itself inside the glass. You cannot 
just computerize it, you can use some automation, but in the end, every barrel is going to be a little different. 
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